SUPPLEMENTARY INFORMATION

n@mre
blOtCChﬂOlogy https://doi.org/10.1038/541587-019-0013-6

In the format provided by the authors and unedited.

Precise RNA editing by recruiting endogenous
ADARs with antisense oligonucleotides

Tobias Merkle', Sarah Merz', Philipp Reautschnig’, Andreas Blaha®?, QinLi?, Paul Vogel ©®1,
Jacqueline Wettengel', JinBilly Li®?2 and Thorsten Stafforst®™

"Interfaculty Institute of Biochemistry, University of Tubingen, Tubingen, Germany. 2Department of Genetics, Stanford University, Stanford, CA, USA.
*e-mail: thorsten.stafforst@uni-tuebingen.de

NATURE BIOTECHNOLOGY | www.nature.com/naturebiotechnology


http://orcid.org/0000-0002-0995-4228
http://orcid.org/0000-0002-8384-0712
http://orcid.org/0000-0003-0713-1399
http://orcid.org/0000-0001-9359-3439
mailto:thorsten.stafforst@uni-tuebingen.de
http://www.nature.com/naturebiotechnology

W R/G-vl MR/G-v4 MR/G-v9.4
704 - 70

X
N~ .
- R/G-guideRNA
X %r 601  from plasmid - - 60
5 8 |
= @©
52
=)
=3
B>
2
=

A1p110  A1p150 ADAR2
ADAR-expressing Flp-In cells

Supplementary Figure 1
Screening to improve the ADAR-recruiting domain

A plasmid borne screening assay was applied to screen for improved ADAR-recruiting domains. For this, plasmids expressing the
respective ASO as a chemically unmodified guideRNA from a U6 promotor were prepared. The guide RNA plasmids were co-
overexpressed together with a reporter contruct (firefly luciferase) in 293 FIp-In T-REx cells expressing a specific ADAR isoform
(A1p110 = ADAR1p110; Alpl150 = ADAR1p150). Editing yields were determined by Sanger sequencing. Data are shown as the
meanzSD, N=2 independent experiments
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Supplementary Figure 2
Sequencing traces for editing of a 5" UAG site in the 3' UTR of GAPDH in 293 Flp-In T-REx ADAR cells
Exemplary editing traces for the editings shown in Figure 1C in the manuscript, but including additional controls (“No RNA” = empty

transfection; “18nt ASO no R/G” = ASO lacking the ADAR-recruiting domain; “unmod” means chemically unmodified, in-vitro transcribed
ASOs of the indicated design v1, v4 or v9.4. Red asterisks indicate the editing sites.
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Supplementary Figure 3

Editing yields for targeting a 5' UAG codon in the 3' UTR of GAPDH with chemically unmaodified, in vitro transcribed ASOs in 293 Flp-In
T-REx ADAR cells

Unmodified in-vitro transcribed ASOs v1, v4 and v9.4 (5 pmol / 96well) were transfected into the respective ADAR-expressing Flp-In
cell line. Data are shown as the mean+SD, N=3 independent experiments. A1p110 = ADAR1p110; A1p150 = ADAR1p150
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Supplementary Figure 4
Western blot analysis of ADAR knockdown

The western blot shown in Figure 2D in the manuscript was merged from images generated with two different exposure times. The part
showing the ADAR bands comes from a 30 second exposure. The part showing B-actin from a 3 second exposure. The pictures were
captured by the FusionCapt Advance SL4 (16.09b) software installed on the Fusion SL Vilber Lourmat (Vilber) western blot analyzer.
No further image processing with respect to contrast or brightness was done. The western blot was done in technical duplicate.
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Supplementary Figure 5
Determination of the effective dose (EDso) of the respective ASO for editing GAPDH in the respective 293 Flp-In T-REx ADAR cells

Shown is an experiment completely analog to that shown in the manuscript in Figure 2E, but in the indicated ADAR-expressing 293 Flp-
In T-REX cell. Data are shown as the mean+SD, N=3 independent experiments.
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Supplementary Figure 6

Effect of cotransfection of a nontargeting ASO v9.5 or the chemically stabilized ADAR-recruiting domain v9.5 alone on the GAPDH 3'-
UTR editing with ASO v9.5 in ADAR1p150-expressing 293 Flp-In T-REXx cells

This is an additional control experiment. The on-target is the 5-UAG codon in the 3"-UTR of GAPDH. A surveyed potential off-target is
the 5°-UAG site in the 3"-UTR of ACTB. SERPINA ASO v9.5 acts as a non-targeting control, as the target (SERPINAL) is not
expressed in this cell line. Another control is the ADAR-recruiting domain v9.5. This is the isolated, chemically stabilized ADAR-
recruiting domain lacking any specificity domain. An ASO v9.5 against the on-target was co-transfected with either the non-targeting
control or the control lacking a specificity domain. On-target editing requires the presences of the matching ASO. The surveyed
potential off-target (ACTB) was not edited to detectable level under any condition. The on-target yield was not perturbed by the
presence of the non-targeting ASO or the ADAR-recruiting domain alone, suggesting that only the combination of matching specificity
and ADAR-recruiting domain enables site-directed RNA editing. It further suggests that the natural editing capacity is not limiting the
editing reaction. (5 pmol ASO/96 well have been used)
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Supplementary Figure 7

Effect of cotransfection of a nontargeting ASO v9.5 or the chemically stabilized ADAR-recruiting domain v9.5 alone on the GAPDH 3'-
UTR editing with ASO v9.5, but for the recruitment of endogenous ADAR in Hela cells without IFN-o

This control experiment is the exact copy of the expriment shown in the preceding Supplementary Figure but was carried out in HeLa
cells, recruiting endogenous ADAR. Exactly the same results have been observed and the same conclusions can be drawn.
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Supplementary Figure 8
Editing of 5" UAG codons in the ORF of GAPDH versus 3' UTR in ADAR-expressing 293 Flp-In T-REXx cells

Editing of two different 5"-UAG codons in the ORF of GAPDH in 293 Flp-In T-REx ADAR cells (ORF #1 and #2). A) ORF site #2; here
the comparison was made to the editing of the 5"-UAG codon in the 3"-UTR; and all three ADAR-expressing 293 Flp-In T-REXx cell lines
are included. B) The editing of the ORF site #1 was only tested in ADAR1-expressing Flp-In T-REx cell lines. The results are very
similar. Further editing experiments, as shown in Figure 3B, target ORF site #1. Data in A) and B) are shown as the mean+SD, N=3
independent experiments. A1p110 = ADAR1p110; A1p150 = ADAR1p150.
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Supplementary Figure 9
Sequencing traces for editing of a 5" UAG site (ORF site 2) in the ORF of GAPDH in 293 Flp-In T-REx ADAR cells

Exemplary editing traces for the editings shown in Supplementary Figure 8A, but including additional controls (“No RNA” = empty
transfection; “18nt ASO no R/G” = ASO lacking the ADAR-recruiting domain. Red asterisks indicate the editing sites. A reverse primer

was used for sequencing.
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Supplementary Figure 10

Editing yields for the editing of a 5 UAG codon in the ORF of GAPDH in HeLa cells with ASO v25 containing a chemically unmodified
versus modified ADAR-recruiting domain

Here, an ASO v25 with a chemically unmodified ADAR-recruiting domain (unmod R/G), was compared to an ASO of the same
sequence with addititional chemical modifiaction (all pyrimidine nucleotides in the ADAR-recruiting domain are backbone 2’-O-
methylated). ASOs were transfected in HeLa cells. Data are shown as the mean+SD, N=3 independent experiments.
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Supplementary Figure 11
Analysis of off-target editing sites with increased editing yield upon ASO treatment

A) Besides the targeted site in GAPDH, 9 off-target editing sites were identified in ASO + IFN-a-treated cells compared to the control
(no ASO + IFN-a). Six of them (CHARC1, SOD2 #1-#5) were known editing sites and found to be already edited in the control, N=2
independent experiments. B) and C) The regions around the off-target sites were aligned to the ASO-interacting region (40 nt) of the
GAPDH transcript using MUSCLE (ebi.ac.uk/tools/msa/muscle/). The red A indicates the edited site and nucleotides matching to the
target sequence of the ASO in GAPDH are highlighted in turquois. The sequence alignment suggests that the editing at the three novel
editing sites (PRR11, GPR64, EFHD2) is clearly induced by misguiding through the ASO. Notably, the strongest off-target (PRR11)
might be controllable by further chemical modification of the specificity domain of the ASO. Four of the nine off-target sites (SOD2 #2-5)
lack any strong homology to target region, also the edited codon is different from 5"-UAG. This makes it very unlikely that the off-target
editing at such sites was induced by the ASO via direct binding to the off-target site, also because those sites all reside in secondary
RNA structure (Alu elements). However, we found a potential ASO binding site in the 3"-UTR of SOD2 (panel D) around nt 2100ff.
(refering to NM_000636.3) that resides around 300 nt 5 to the first Alu element (nt 2380-2670) and around 1300 nt 5” to the second Alu
element (nt 3400-3525). Since all SOD?2 off-target sites reside in the two Alu elements one could imagine an ASO-dependent induction
of the editing by either increase of the local ADAR concentration or by assisting the formation of an editable RNA secondary structure in
the Alu element.
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Supplementary Figure 12

Analysis of off-target editing sites with attenuated editing upon ASO treatment

A) Five editing sites, all located in Alu sequences, were found to be significantly less edited in ASO-transfected, IFN-a-treated cells
compared to the control lacking ASO transfection (but treated with IFN-a), N=2 independent experiments. B) and C) The regions
around the off-target sites were aligned to the ASO-interacting region (40 nt) of the GAPDH transcript using MUSCLE
(ebi.ac.uk/tools/msa/muscle/). The red A indicates the respective edited site and nucleotides matching with the ASO target sequence
on GAPDH are highlighted in turquois. For the most strongly affected site (MAGT1), but also for the other four sites, the ASO seems to
be able to bind tightly in proximity to the respective editing sites and therefore interrupt the dsRNA secondary structure of the Alu
repeat, which is required for editing. This suggests that the attenuated editing found at those sites is caused by direct interaction of the

ASO with the off-target transcript and is not due to a global sequestering of the ADAR enzyme by the ASO.
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Supplementary Figure 14
Sequencing traces of editing the PiZZ mutation in SERPINA1, showing on- and off-target editing in the A-rich 5* CAA codon

Exemplary sequencing traces of the 3 experimental conditions shown in Figure 3E of the manuscript. Red arrows indicate off-target, red
asterisks indicate on-target editing sites, a reverse primer was used for sequencing. Shown are additional controls for empty
transfection, and for transfecting an ASO lacking the ADAR-recruiting domain (no R/G). A) Editing in ADAR1p150-expressing 293 Flp-
In T-REXx cells; B) Editing of SERPINAL PiZZ in HelLa cells expressing SERPINAL PiZZ either genomically integrated (piggyBac) or
transiently overexpressed (plasmid). In particular ASO v25 gave substantial off-target editing with the proximal adenosine in the
targeted 5"-CAA codon.
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Supplementary Figure 15
Improvement of editing specificity in the ASO:mRNA hybrid

Editing of the 5"-CAA codon to restore the E342K mutation in SERPINAL (a reverse primer was used here!) comes along with off target
editing at the nearest neighboring adenosine (see also preceding Supplementary Figure, panel B). To reduce proximal off-target
editing, the 3 nt gap in the modification pattern of the ASO was reduced to a 2 nt gap by putting an additional chemical modification (2’-
O-methyl uridine) opposite the off-target nucleotide. Two representative sequencing traces were selected from three very similar
replicates which show that the additional chemical modification strongly reduces the proximal off-target edit while only modestly
influencing the on target editing. (editing was performed in HelLa cells with SERPINA1 PiZZ cDNA overexpressed from a plasmid, 5
pmol/96 well ASO was transfected)



Supplementary Notes and Tables

Supplementary Table 1: List of guideRNAs, ASOs and further oligonucleotides used in this study.

(N)=RNA base, [N]=2’-OMe RNA base, *=Phosphorothioate linkage, {N}=LNA base.

R/G guide RNAs expressed 5’-3’ sequence Figure

from plasmid

Luciferase R/G-v1 (GUGGAAUAGUAUAACAAUAUGCUAAAUGUUGUUAUAGUAUCCCACGUGCAGC Si1
CAGCCGUCCUCUAGAGGGCCCUGAAGAGGGCCC)

Luciferase R/G-v4 (GUGGAAGAGGAGAACAAUAUGCUAAAUGUUGUUCUCGUCUCCCACGUGCAGC Si1
CAGCCGUCCUCUAGAGGGCCCUGAAGAGGGCCC)

Luciferase R/G-v9.4 (GUGGUCGAGAAGAGGAGAACAAUAUGCUAAAUGUUGUUCUCGUCUCCUCGAC SI1
CACGUGCAGCCAGCCGUCCUCUAGAGGGCCCUGAAGAGGGCCC)

Chemically synthesized ASOs | 5’-3’ sequence Figure

ACTB 3'UTR 18nt [GC AAU G] (CCA) [UC AC] [C*][U*][C*][C*][C] Propandiol 2A

ACTB 3'UTR ASO v1 (GGUGA AUAGUAUAAC AAUAUGCUAA AUGUUGUUAU AGUAUCCACC) [GC AAU G] (CCA) [UC AC] 1C,2A
[C*][U*][C*][C*][C] Propandiol

ACTB 3'UTR ASO v4 (GGUGAAG AGGAGAACAA UAUGCUAAAU GUUGUUCUCG UCUCCACC)[GC AAU G](CCA) [uC 1C,2A
AC][C*][U*][C*][C*][C] Propandiol

ACTB 3'UTR ASO v9.4 (GGU GUC GAG AAG AGG AGA AC AAU AUG CUA AAU GUU GUU CUCGUC UCC UCG ACA CC) [GC AAU G] 1C,2A
(CCA) [UC AC] [C*][U*][C*][C*][C] Propandiol

GAPDH 3'UTR 18nt [AG GGG U] (CCA) [CA UG] [G*][C*][A*][A*][C] Propandiol 2A, SI2

GAPDH 3'UTR ASO v1 (GGUGA AUAGUAUAAC AAUAUGCUAA AUGUUGUUAU AGUAUCCACC) [AG GGG U] (CCA) [CA UG] 1C,2A, SI2
[G*][C*][A*][A*][C] Propandiol

GAPDH 3'UTR ASO v4 (GGUGAAG AGGAGAACAA UAUGCUAAAU GUUGUUCUCG UCUCCACC)[AG GGG U](CCA)[CA 1C,2A, SI2
UG][G*][C*][A*][A*][C] Propandiol

GAPDH 3'UTR ASO v9.4 (GGU GUC GAG AAG AGG AGA AC AAU AUG CUA AAU GUU GUU CUCGUC UCC UCG ACA CC) [AG GGG U] 1C,2A,2B, SI2,
(CCA) [CA UG] [G*][C*][A*][A*][C] Propandiol SI5

GAPDH 3'UTR ASO v9.5 [G*][G*][U] (G)[V][C] (GAG AAG AGG AGA A)[C] (AA)[U] (A)[U](G) [CI[U](A AA)[U] 2B, 2C, 2E, 2F,
(G)[UU](G)[UUCUC](G)[UCUCCUC](G A)[C](A) [CCAGGGGU] (CCA) [CAUG][G*][C*][A*] [A*][C] 2G, 2H, SIS, SI6,

SI7, SIBA

GAPDH ORF1 ASO 18nt [GGG GUG] (CCA) [AG CA] [G*][U*][U*][G*][G] Propandiol SI8B

GAPDH ORF1 ASO v9.4 (GGU GUC GAG AAG AGG AGA AC AAU AUG CUA AAU GUU GUU CUCGUC UCC UCG ACA CC)[GGG SI8B
GUG](CCA)[AG CA] [G*][U*][U*][G*][G] Propandiol

GAPDH ORF2 ASO 18nt [GGG GUG](CCA)[AG CA] [G*][U*][U*][G*][G] Propandiol SI9

GAPDH ORF2 ASO v9.4 (GGU GUC GAG AAG AGG AGA AC AAU AUG CUA AAU GUU GUU CUCGUC UCC UCG ACA CC)[GU uuU U] SI8A, SI9
(CCA) [GA CG] [G*][C*][A*][G*][G] Propandiol

GAPDH ORF1 ASO v25 [GI*[G]*[U] (G)[U][C] (GAG AAG AGG AGA A)[C] (AA) [U] (A)[U](G) [CI[U](A AA)[U] (G)[U][U] (G)[U][U] 3B,3C, SI10-13
[CIUIICI(G)[V][C] [UI[CIIC] [UI[C)(G A)[C](A) [C]IC] (VUGUCAUGGAUGACCUU GGCCA) [G] {G} [GG UG]
(CCA) [AGCA] {G*}U*][U*){G*}[G] Aminolinker

GAPDH ORF1 ASO R/G [G]*[G]*[U] (GUCGAG AAG AGG AGA ACAAUAUGCUA AAUGUUGUUCUCGUCUCCUCG ACACC SI10

unmod v25 UUGUCAUGGAUGACCUU GGCCA) [G] {G} [GG UG] (CCA) [AGCA] {G*}[U*][U*]{G*}[G] Aminolinker

SERPINA ASO v9.4 (GGU GUC GAG AAG AGG AGA AC AAU AUG CUA AAU GUU GUU CUCGUC UCC UCG ACA CC) [CCU uuUC] 3E, SI6, SI7,
(UCG) [UCG A] [U*][G*][G*][U*][C] Propandiol SI14A

SERPINA ASO 40nt (CAUGGCCCCAGCAGCUUCAGUC) [C] {C}UUUC] (UCG) [UCGAN{T*}[G*] [G*] {T*} [C] Aminolinker SI14B

SERPINA ASO v25 [G*] [G*] [U] (G)[V][C] (GAG AAG AGG AGA A)[C] (AA) [U] (A)[U](G) [CI[U](A AA)[U] (G)[U][U] (G)[U][U] 3E, SI148B, SI15
[CI[UIIC(G)[V][C] [UI[C]IC] [U][C](G A C A C C CAUGGCCCCAGCAGCUUCAGUC) [C] {C}uuuC] (UCG)
[UCGAKT*}[G*] [G*] {T*} [C] Aminolinker

STAT1 ASO v25 [G*] [G*] [U] (G)[U][C] (GAG AAG AGG AGA A)[C] (AA) [U] (A)[U](G) [CI[U](A AA)[U] (G)[U][U] (G)[U][U] 3D
[CIUIICH(G)[V][C][V][CI[C] [U][C](GACACCCA GACACAGAAAUCAACUCAGU) [C] {T} [UGAU] (ACA) [UCCA]
{G*} [U*] [U*] {C*}[C] Aminolinker

GAPDH 3'UTR unmod ASO v1 (GGUGA AUAGUAUAAC AAUAUGCUAA AUGUUGUUAU AGUAUCCACC AG GGG UCCACA UG GCAAC) SI2, SI3

GAPDH 3'UTR unmod ASO v4 (GGUGAAG AGGAGAACAA UAUGCUAAAU GUUGUUCUCG UCUCCACCAG GGG UCCACA UGGCAAC) SI2, S13

GAPDH 3'UTR unmod ASO (GGU GUC GAG AAG AGG AGA AC AAU AUG CUA AAU GUU GUU CUCGUC UCC UCG ACA CCAG GGG U SI2, S13

v9.4 CCACA UGGCAAC)

SERPINA ASO v25 2nt gap [G*] [G*] [U] (G)[U][C] (GAG AAG AGG AGA A)[C] (AA) [U] (A)[U](G) [CI[U](A AA)[U] (G)[U][V] (G)[U][U] 3E, SI15

also called ASO v25.1 in Fig. [CI[UIIC](G)[V][C] [UI[C]IC] [U][C](G A C A C C CAUGGCCCCAGCAGCUUCAGUC) [C] {C}uuuCU] (CG)

3E [UCGAN{T*}[G*] [G*] {T*} [C] Aminolinker

Sense guideRNAs for RT PCR | 5’-3’ sequence Figure

GAPDH sense (GGACCAACUGCUUGGCACCCCUGGCCAAGGUCAUCCAUGACAACUUUGGUAUCGUGGAAGGACC) 3B, 3C




STAT1 sense

(6GGAACUGGAUCUAUCAAGACUGAGUUGAUUUCUGUGUCUGAAGUGUAAGUGAACACAGAA) 3D

SERPINA1 sense

(GGACCATCGACGAGAAAGGGACTGAAGCTGCTGGGGCCATGTTTTTAGAGGCCATACCCAT)

3E,SI148B, SI15

Supplementary Table 2: List of the antibodies used to generate the western blot illustrated in figure 2D.

Antibody Target Produced Immunoglobulin Dilution Supplier Order # Against Validation
Protein in Class used

ADAR1 o-ADAR1 Mouse monoclonal IgG 1:1000 Santa sc-73408 amino acids Validated in our lab

antibody Cruz 440-826 via siRNA KO and
correspondin Western Blot
g tothe PMID: # 28669490
middle region | PMID: # 28278381
of ADAR1 of PMID: # 27573237
human origin

ADAR2 o-ADAR2 Mouse monoclonal IgG 1:1000 Santa sc-73409 N-terminal Validated in our lab

antibody Cruz region via overexpression
correspondin and Western Blot
g to amino PMID: # 26601943
acids 2-179 of | PMID: # 24345557
ADAR2 of PMID: # 27907896
human origin

Clone AC- o-Beta- Mouse monoclonal IgG 1:40.000 Sigma A5441 Actin N- PMID: # 15809369

15 Actin Aldrich terminal PMID: # 15048076
peptide, Ac- PMID: # 21217779
Asp-Asp-Asp-
lle-Ala-Ala-
Leu-Val-lle-
Asp-Asn-Gly-
Ser-Gly-Lys




Supplementary Note 1. List of gene sequences and target sequences

Sequence of dual Luciferase Renilla 2A Firefly W417X reporter cDNA with chosen editing site (Firefly-
Luciferase W417X, yellow).

10 20 30 40 50 60

1 ATGACTTCGAAAGTTTATGATCCAGAACAAAGGAAACGGATGATAACTGGTCCGCAGTGG
1 M TS K VY DPEQWRIKRMITGUPQW

70 80 90 100 110 120

61 TGGGCCAGATGTAAACAAATGAATGTTCTTGATTCATTTATTAATTATTATGATTCAGAA
21 W ARTCIKOQMNVLDSFTI1T NY Y D S E

130 140 150 160 170 180

121 AAACATGCAGAAAATGCTGTTATTTTTTTACATGGTAACGCGGCCTCTTCTTATTTATGG
41 K HAENAVI1 FLHGNAASSY LW

190 200 210 220 230 240

181 CGACATGTTGTGCCACATATTGAGCCAGTAGCGCGGTGTATTATACCAGACCTTATTGGT
61 R HVVPHI EPVART CI1I 1 PDILIG

250 260 270 280 290 300

241 ATGGGCAAATCAGGCAAATCTGGTAATGGTTCTTATAGGTTACTTGATCATTACAAATAT
81 M G K S G K S GNG S Y R L L DHY K'Y

310 320 330 340 350 360

301 CTTACTGCATGGTTTGAACTTCTTAATTTACCAAAGAAGATCATTTTTGTCGGCCATGAT
101 L T AWUFELILNLWPIKI KT 1 FV GHTD

370 380 390 400 410 420

361 TGGGGTGCTTGTTTGGCATTTCATTATAGCTATGAGCATCAAGATAAGATCAAAGCAATA
121 W G A CLAFHY S Y EHOQDIK 1T KA

430 440 450 460 470 480

421 GTTCACGCTGAAAGTGTAGTAGATGTGATTGAATCATGGGATGAATGGCCTGATATTGAA
141 VHAESVV DV I ESWDEWPD I E

490 500 510 520 530 540

481 GAAGATATTGCGTTGATCAAATCTGAAGAAGGAGAAAAAATGGTTTTGGAGAATAACTTC
161 E DI A LI KSEEGEI KMV LENNF

550 560 570 580 590 600

541 TTCGTGGAAACCATGTTGCCATCAAAAATCATGAGAAAGTTAGAACCAGAAGAATTTGCA
181 FVETMLWPSIKI MRIKILEWPETEF A

610 620 630 640 650 660

601 GCATATCTTGAACCATTCAAAGAGAAAGGTGAAGTTCGTCGTCCAACATTATCATGGCCT
201 AY L EPFKEIKGEVRRZPTILSWP

670 680 690 700 710 720

661 CGTGAAATCCCGTTAGTAAAAGGTGGTAAACCTGACGTTGTACAAATTGTTAGGAATTAT
221 R E 1 P LV KGGIKWPDVV Q1 V RNY

730 740 750 760 770 780

721 AATGCTTATCTACGTGCAAGTGATGATTTACCAAAAATGTTTATTGAATCGGACCCAGGA
241 NAY LRASDU DULU®PIKMEFTI1I E S DPG

790 800 810 820 830 840

781 TTCTTTTCCAATGCTATTGTTGAAGGTGCCAAGAAGTTTCCTAATACTGAATTTGTCAAA
261 FFSNAIVESGAKIKFPNTEF VK

850 860 870 880 890 900

841 GTAAAAGGTCTTCATTTTTCGCAAGAAGATGCACCTGATGAAATGGGAAAATATATCAAA
281 vV X G LHFSQEDAPDEMGIK K Y I K

910 920 930 940 950 960

901 TCGTTCGTTGAGCGAGTTCTCAAAAATGAACAAGGAAGCGGAGCTACTAACTTCAGCCTG
301 S FVERWVLIKNEZ QGS GATNTEFS L

970 980 990 1000 1010 1020

961 CTGAAGCAGGCTGGAGACGTGGAGGAGAACCCTGGACCTATGGAAGATGCCAAAAACATT



321

1021
341

1081
361

1141
381

1201
401

1261
421

1321
441

1381
461

1441
481

1501
501

1561
521

1621
541

1681
561

1741
581

1801
601

1861
621

1921
641

1981
661

2041
681

L K Q AGDVEENPGPMETDAIKNI

1030 1040 1050 1060 1070 1080
AAGAAGGGCCCAGCGCCATTCTACCCACTCGAAGACGGGACCGCCGGCGAGCAGCTGCAC
K K G P A PFYPLEUDSGTAGTEQLH

1090 1100 1110 1120 1130 1140
AAAGCCATGAAGCGCTACGCCCTGGTGCCCGGCACCATCGCCTTTACCGACGCACATATC
K AMKRY ALV P GTI1 AFTUDAHI

1150 1160 1170 1180 1190 1200
GAGGTGGACATTACCTACGCCGAGTACTTCGAGATGAGCGTTCGGCTGGCAGAAGCTATG
E VvV DI T YAEYFEMSVRULAEAMWM

1210 1220 1230 1240 1250 1260
AAGCGCTATGGGCTGAATACAAACCATCGGATCGTGGTGTGCAGCGAGAATAGCTTGCAG
K RY G LNTNMHRTI VYV CSENSTLAQ

1270 1280 1290 1300 1310 1320
TTCTTCATGCCCGTGTTGGGTGCCCTGTTCATCGGTGTGGCTGTGGCCCCAGCTAACGAC
FFMPVLGALZFI1I GV AV APANTD

1330 1340 1350 1360 1370 1380
ATCTACAACGAGCGCGAGCTGCTGAACAGCATGGGCATCAGCCAGCCCACCGTCGTATTC
Il Y NERELILNSMGI S QP TV VF

1390 1400 1410 1420 1430 1440
GTGAGCAAGAAAGGGCTGCAAAAGATCCTCAACGTGCAAAAGAAGCTACCGATCATACAA
VS KKOGLUO QIKTILNVOQIKTEKTLTPTITIOQ

1450 1460 1470 1480 1490 1500
AAGATCATCATCATGGATAGCAAGACCGACTACCAGGGCTTCCAAAGCATGTACACCTTC
K1 1 1 Mm DS K TDYQGFQ S MY TF

1510 1520 1530 1540 1550 1560
GTGACTTCCCATTTGCCACCCGGCTTCAACGAGTACGACTTCGTGCCCGAGAGCTTCGAC
v T S HLWPWPGFNZEYDZFVPE S FD

1570 1580 1590 1600 1610 1620
CGGGACAAAACCATCGCCCTGATCATGAACAGTAGTGGCAGTACCGGATTGCCCAAGGGC
R DK TI1 AL I M NS S G ST GL P K G

1630 1640 1650 1660 1670 1680
GTAGCCCTACCGCACCGCACCGCTTGTGTCCGATTCAGTCATGCCCGCGACCCCATCTTC
vV A LPHRTACVRFSHARTUDUPI F

1690 1700 1710 1720 1730 1740
GGCAACCAGATCATCCCCGACACCGCTATCCTCAGCGTGGTGCCATTTCACCACGGCTTC
G NQ 1T I PDTAIULSVVPFHHGTF

1750 1760 1770 1780 1790 1800
GGCATGTTCACCACGCTGGGCTACTTGATCTGCGGCTTTCGGGTCGTGCTCATGTACCGC
G MFTTULGYLI1 CGFRV VL MYR

1810 1820 1830 1840 1850 1860
TTCGAGGAGGAGCTATTCTTGCGCAGCTTGCAAGACTATAAGATTCAATCTGCCCTGCTG
F EEELZFLRSLOQDYK 1T QS ALL

1870 1880 1890 1900 1910 1920
GTGCCCACACTATTTAGCTTCTTCGCTAAGAGCACTCTCATCGACAAGTACGACCTAAGC
v pTLFSFFAKSTUL1DIKY DL S

1930 1940 1950 1960 1970 1980
AACTTGCACGAGATCGCCAGCGGCGGGGCGCCGCTCAGCAAGGAGGTAGGTGAGGCCGTG
NLHETIASGSGAPTLSIKEV G EAYV

1990 2000 2010 2020 2030 2040
GCCAAACGCTTCCACCTACCAGGCATCCGCCAGGGCTACGGCCTGACAGAAACAACCAGC
AAK RFHIL®PGI RQGY GLTETTS

2050 2060 2070 2080 2090 2100
GCCATTCTGATCACCCCCGAAGGGGACGACAAGCCTGGCGCAGTAGGCAAGGTGGTGCCC
Al LI T P EGDUDI KZPGAV G KV VP



2110 2120 2130 2140 2150 2160

2101 TTCTTCGAGGCTAAGGTGGTGGACTTGGACACCGGTAAGACACTGGGTGTGAACCAGCGC
701 FFEAKVVDLUDTSGIKTTULG GV NU QR
2170 2180 2190 2200 2210 2220
2161 GGCGAGCTGTGCGTCCGTGGCCCCATGATCATGAGCGGCTACGTTAACAACCCCGAGGCT
721 G ELCVRGPMIMSGY VNNPEA
2230 2240 2250 2260 2270 2280
2221 ACAAACGCTCTCATCGACAAGGACGGCTAGCTGCACAGCGGCGACATCGCCTACTGGGAC
741 T NAL I DKDG™>*ULMHSGD I AY WD
2290 2300 2310 2320 2330 2340
2281 GAGGACGAGCACTTCTTCATCGTGGACCGGCTGAAGAGCCTGATCAAATACAAGGGCTAC
761 EDEHZFFI1T VDRLIKSTILTI1IKYKGY
2350 2360 2370 2380 2390 2400
2341 CAGGTAGCCCCAGCCGAACTGGAGAGCATCCTGCTGCAACACCCCAACATCTTCGACGCC
781 Q VA PAETLESITLLQHPNIFDA
2410 2420 2430 2440 2450 2460
2401 GGGGTCGCCGGCCTGCCCGACGACGATGCCGGCGAGCTGCCCGCCGCAGTCGTCGTGCTG
801 G VAGLUPDDUDAGETLZPAAVV VL
2470 2480 2490 2500 2510 2520
2461 GAACACGGTAAAACCATGACCGAGAAGGAGATCGTGGACTATGTGGCCAGCCAGGTCACA
821 EHGKTWMTEI KETI VDYV ASOQVT
2530 2540 2550 2560 2570 2580
2521 ACCGCCAAGAAGCTGCGCGGTGGTGTTGTGTTCGTGGACGAGGTGCCTAAAGGACTGACC
841 T AKKLRGSGVV FVDEVZPKGTLT
2590 2600 2610 2620 2630 2640
2581 GGCAAGTTGGACGCCCGCAAGATCCGCGAGATTCTCATTAAGGCCAAGAAGGGCGGCAAG
861 G K LDARJIKIRETILILI1IKAKIKGGK
2650
2641 ATCGCCGTGTAA
881 I AV *

Sequence of GAPDH mRNA isoform 1 (NM_002046.5) with chosen editing sites (yellow).

10 20 30 40 50 60
1 GCCTCAAGACCTTGGGCTGGGACTGGCTGAGCCTGGCGGGAGGCGGGGTCCGAGTCACCG
1

70 80 90 100 110 120

61 CCTGCCGCCGCGCCCCCGGTTTCTATAAATTGAGCCCGCAGCCTCCCGCTTCGCTCTCTG
20

130 140 150 160 170 180
121 CTCCTCCTGTTCGACAGTCAGCCGCATCTTCTTTTGCGTCGCCAGCCGAGCCACATCGCT
40

190 200 210 220 230 240
181 CAGACACCATGGGGAAGGTGAAGGTCGGAGTCAACGGATTTGGTCGTATTGGGCGCCTGG
60 M G KV KV GGV NGFGR 1 G R L

250 260 270 280 290 300
241 TCACCAGGGCTGCTTTTAACTCTGGTAAAGTGGATATTGTTGCCATCAATGACCCCTTCA
80 vV T RAAFNSSGIKVDIVAINUDPF

310 320 330 340 350 360
301 TTGACCTCAACTACATGGTTTACATGTTCCAATATGATTCCACCCATGGCAAATTCCATG
100 I DLNYMVYMZFOQYDSTHGIKFH

370 380 390 400 410 420
361 GCACCGTCAAGGCTGAGAACGGGAAGCTTGTCATCAATGGAAATCCCATCACCATCTTCC
120 G TV KAENGIKTULV I NGNPI T I F

430 440 450 460 470 480
421 AGGAGCGAGATCCCTCCAAAATCAAGTGGGGCGATGCTGGCGCTGAGTACGTCGTGGAGT
140 Q E RDPSK I KWGDAGAEY V VE

490 500 510 520 530 540
481 CCACTGGCGTCTTCACCACCATGGAGAAGGCTGGGGCTCATTTGCAGGGGGGAGCCAAAA

160 s T GV FTTMEIKAGAHTILO QGG G AK



550 560 570 580 590 600

541 GGGTCATCATCTCTGCCCCCTCTGCTGATGCCCCCATGTTCGTCATGGGTGTGAACCATG
180 R v I 1 S APSADAPMFVMGVNH
610 620 630 640 650 ORF site #1
601 AGAAGTATGACAACAGCCTCAAGATCATCAGCAATGCCTCCTGCACCACCAACTGCTTAG
200 EKYDNSLIKI 11T SNASTCTTNT CL
670 680 690 700 710 720
661 CACCCCTGGCCAAGGTCATCCATGACAACTTTGGTATCGTGGAAGGACTCATGACCACAG
220 AP LAKV I HDNZFGI VEGLMTT
730 740 750 760 770 780
721 TCCATGCCATCACTGCCACCCAGAAGACTGTGGATGGCCCCTCCGGGAAACTGTGGCGTG
240 vV HAI1I T ATAOQKTVDSG®PS G KL WR
790 800 810 820 830 840
781 ATGGCCGCGGGGCTCTCCAGAACATCATCCCTGCCTCTACTGGCGCTGCCAAGGCTGTGG
260 DGR GALOQNI 1T PASTUGAAIKAYV
850 860 870 880 890 900
841 GCAAGGTCATCCCTGAGCTGAACGGGAAGCTCACTGGCATGGCCTTCCGTGTCCCCACTG
280 G K Vv I PELNGKLTS GMMAFR RV PT
910 920 930 ORF site #2 960
901 CCAACGTGTCAGTGGTGGACCTGACCTGCCGTCTAGAAAAACCTGCCAAATATGATGACA
300 ANV SV VDLTT CRILEZKZPAIKYDTD
970 980 990 1000 1010 1020
961 TCAAGAAGGTGGTGAAGCAGGCGTCGGAGGGCCCCCTCAAGGGCATCCTGGGCTACACTG
320 I K KV VKQASEGZPLIKGTILGYT
1030 1040 1050 1060 1070 1080
1021 AGCACCAGGTGGTCTCCTCTGACTTCAACAGCGACACCCACTCCTCCACCTTTGACGCTG
340 EHQVV SSDFNSUDTHSSTFTDA
1090 1100 1110 1120 1130 1140
1081 GGGCTGGCATTGCCCTCAACGACCACTTTGTCAAGCTCATTTCCTGGTATGACAACGAAT
360 G AGI AL NDHZFVIKLTI SWYDNE
1150 1160 1170 1180 1190 1200
1141 TTGGCTACAGCAACAGGGTGGTGGACCTCATGGCCCACATGGCCTCCAAGGAGTAAGACC
380 F GY SNRVVDLMAHMMASKE *
1210 1220 1230 1240 1250 1260
1201 CCTGGACCACCAGCCCCAGCAAGAGCACAAGAGGAAGAGAGAGACCCTCACTGCTGGGGA
400
1270 1280 1290 1300 1310 37-UTR site
1261 GTCCCTGCCACACTCAGTCCCCCACCACACTGAATCTCCCCTCCTCACAGTTGCCATGTA
420
1330 1340 1350 1360 1370 1380
1321 GACCCCTTGAAGAGGGGAGGGGCCTAGGGAGCCGCACCTTGTCATGTACCATCAATAAAG
440
1390 1400 1410 1420
1381 TACCCTGTGCTCAACCAGTTAAAAAAAAAAAAAAAAAAAAA

Sequence of B-actin mMRNA (NM_001101.3) with chosen editing site (yellow).

10 20 30 40 50 60

1 ACCGCCGAGACCGCGTCCGCCCCGCGAGCACAGAGCCTCGCCTTTGCCGATCCGCCGCCC
1 T AETASAPRAQSLAFADU®PUPP

70 80 90 100 110 120

61 GTCCACACCCGCCGCCAGCTCACCATGGATGATGATATCGCCGCGCTCGTCGTCGACAAC
21 VHTRRQLTMDUDUDTI AALV V DN

130 140 150 160 170 180

121 GGCTCCGGCATGTGCAAGGCCGGCTTCGCGGGCGACGATGCCCCCCGGGCCGTCTTCCCC
41 G S GMCIKAGFAGDT DAPRAVTFP

190 200 210 220 230 240

181 TCCATCGTGGGGCGCCCCAGGCACCAGGGCGTGATGGTGGGCATGGGTCAGAAGGATTCC
61 s I vVGGRPRHOQGVMYV GMGQ K D S

250 260 270 280 290 300

241 TATGTGGGCGACGAGGCCCAGAGCAAGAGAGGCATCCTCACCCTGAAGTACCCCATCGAG
81 Y VD EAQSKRGI L TLIKY P 1 E

310 320 330 340 350 360

301 CACGGCATCGTCACCAACTGGGACGACATGGAGAAAATCTGGCACCACACCTTCTACAAT
101 H GG 1 VT NWDIDMMEIK T WHWHTF YN

370 380 390 400 410 420

361 GAGCTGCGTGTGGCTCCCGAGGAGCACCCCGTGCTGCTGACCGAGGCCCCCCTGAACCCC

121 E LRV APEEMHWPVLLTIEAPTLNP



421
141

481
161

541
181

601
201

661
221

721
241

781
261

841
281

901
301

961
321

1021
341

1081
361

1141
381

1201
401

1261
421

1321
441

1381
461

1441
481

1501
501

1561
521

1621
541

1681
561

1741
581

1801
601

430 440 450 460 470 480
AAGGCCAACCGCGAGAAGATGACCCAGATCATGTTTGAGACCTTCAACACCCCAGCCATG
K ANR EKMTOQI M F ETFNTPAWM

490 500 510 520 530 540
TACGTTGCTATCCAGGCTGTGCTATCCCTGTACGCCTCTGGCCGTACCACTGGCATCGTG
Y VA1l Q AV L SLYASGRTTGI1I YV

550 560 570 580 590 600
ATGGACTCCGGTGACGGGGTCACCCACACTGTGCCCATCTACGAGGGGTATGCCCTCCCC
M bsSGDGV THTVPI1YEGYATLP
610 620 630 640 650 660
CATGCCATCCTGCGTCTGGACCTGGCTGGCCGGGACCTGACTGACTACCTCATGAAGATC
H A1 LRLDULAGRTDTLTUDY LMK
670 680 690 700 710 720
CTCACCGAGCGCGGCTACAGCTTCACCACCACGGCCGAGCGGGAAATCGTGCGTGACATT
L TERGY SFTTTAERTETLVRD.I
730 740 750 760 770 780
AAGGAGAAGCTGTGCTACGTCGCCCTGGACTTCGAGCAAGAGATGGCCACGGCTGCTTCC
K EKLCYVALUDUZFEZQEWMATAAS

790 800 810 820 830 840
AGCTCCTCCCTGGAGAAGAGCTACGAGCTGCCTGACGGCCAGGTCATCACCATTGGCAAT
S S S L EK SY ELPDGOQV I T 1 G N

850 860 870 880 890 900

GAGCGGTTCCGCTGCCCTGAGGCACTCTTCCAGCCTTCCTTCCTGGGCATGGAGTCCTGT
ERFRCPEALUFOQPSFLGMMESTC
910 920 930 940 950 960
GGCATCCACGAAACTACCTTCAACTCCATCATGAAGTGTGACGTGGACATCCGCAAAGAC
G I HETTIFNSI MKCDVDI R KD
970 980 990 1000 1010 1020
CTGTACGCCAACACAGTGCTGTCTGGCGGCACCACCATGTACCCTGGCATTGCCGACAGG
LY ANTVLSGGTTMYUPGI ADTR
1030 1040 1050 1060 1070 1080
ATGCAGAAGGAGATCACTGCCCTGGCACCCAGCACAATGAAGATCAAGATCATTGCTCCT
M Q K EI T ALAPSTMIKTI1TK1T I AP
1090 1100 1110 1120 1130 1140
CCTGAGCGCAAGTACTCCGTGTGGATCGGCGGCTCCATCCTGGCCTCGCTGTCCACCTTC
P ERKYSVWI GG S 1T LASLSTF
1150 1160 1170 1180 1190 1200
CAGCAGATGTGGATCAGCAAGCAGGAGTATGACGAGTCCGGCCCCTCCATCGTCCACCGC
Q QMW I S KQEYDESGPS 1 V HR
1210 1220 1230 1240 1250 1260
AAATGCTTCTAGGCGGACTATGACTTAGTTGCGTTACACCCTTTCTTGACAAAACCTAAC
K C F =*
1270 1280 1290 1300 1310 1320
TTGCGCAGAAAACAAGATGAGATTGGCATGGCTTTATTTGTTTTTTTTGTTTTGTTTTGG

1330 1340 1350 1360 1370 1380
TTTTTTTTTTTTTTTTGGCTTGACTCAGGATTTAAAAACTGGAACGGTGAAGGTGACAGC
1390 1400 1410 1420 1430 1440
AGTCGGTTGGAGCGAGCATCCCCCAAAGTTCACAATGTGGCCGAGGACTTTGATTGCACA
1450 1460 1470 1480 1490 1500
TTGTTGTTTTTTTAATAGTCATTCCAAATATGAGATGCGTTGTTACAGGAAGTCCCTTGC
c
1510 1520 1530 1540 1550 1560
CATCCTAAAAGCCACCCCACTTCTCTCTAAGGAGAATGGCCCAGTCCTCTCCCAAGTCCA
1570 3" -UTR site 1600 1610 1620
CACAGGGGAGGTGATAGCATTGCTTTCGTGTAAATTATGTAATGCAAAATTTTTTTAATC
1630 1640 1650 1660 1670 1680
TTCGCCTTAATACTTTTTTATTTTGTTTTATTTTGAATGATGAGCCTTCGTGCCCCCCCT
P
1690 1700 1710 1720 1730 1740

TCCCCCTTTTTTGTCCCCCAACTTGAGATGTATGAAGGCTTTTGGTCTCCCTGGGAGTGG

1750 1760 1770 1780 1790 1800
GTGGAGGCAGCCAGGGCTTACCTGTACACTGACTTGAGACCAGTTGAATAAAAGTGCACA

1810 1820 1830 1840 1850
CCTTAAAAATGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA



Sequence of STAT1 mRNA (NM_007315.3) with chosen editing site Y701 (yellow).

10 20 30 40 50 60
1 GCTGAGCGCGGAGCCGCCCGGTGATTGGTGGGGGCGGAAGGGGGCCGGGCGCCAGCGCTG
1
70 80 90 100 110 120
61 CCTTTTCTCCTGCCGGGTAGTTTCGCTTTCCTGCGCAGAGTCTGCGGAGGGGCTCGGCTG
21
130 140 150 160 170 180
121 CACCGGGGGGATCGCGCCTGGCAGACCCCAGACCGAGCAGAGGCGACCCAGCGCGCTCGG
41
190 200 210 220 230 240
181 GAGAGGCTGCACCGCCGCGCCCCCGCCTAGCCCTTCCGGATCCTGCGCGCAGAAAAGTTT
61
250 260 270 280 290 300
241 CATTTGCTGTATGCCATCCTCGAGAGCTGTCTAGGTTAACGTTCGCACTCTGTGTATATA
81
310 320 330 340 350 360
301 ACCTCGACAGTCTTGGCACCTAACGTGCTGTGCGTAGCTGCTCCTTTGGTTGAATCCCCA
101
370 380 390 400 410 420
361 GGCCCTTGTTGGGGCACAAGGTGGCAGGATGTCTCAGTGGTACGAACTTCAGCAGCTTGA
121 M S QWYETLTG QTG QTLD
430 440 450 460 470 480
421 CTCAAAATTCCTGGAGCAGGTTCACCAGCTTTATGATGACAGTTTTCCCATGGAAATCAG
141 S KFLE QVHOQLYDUDTSTFEFPMETR
490 500 510 520 530 540
481 ACAGTACCTGGCACAGTGGTTAGAAAAGCAAGACTGGGAGCACGCTGCCAATGATGTTTC
161 Q Y LAQWTLTETKT G QT DWETHAANTDV S
550 560 570 580 590 600
541 ATTTGCCACCATCCGTTTTCATGACCTCCTGTCACAGCTGGATGATCAATATAGTCGCTT
181 FATIRTFHUDTLTLSTO QLUDTDTG OQYSTR RF
610 620 630 640 650 660
601 TTCTTTGGAGAATAACTTCTTGCTACAGCATAACATAAGGAAAAGCAAGCGTAATCTTCA
201 S LENNTFTLTLTGOQUHNTIRTIEKTST KT RNTLDQOQ
670 680 690 700 710 720
661 GGATAATTTTCAGGAAGACCCAATCCAGATGTCTATGATCATTTACAGCTGTCTGAAGGA
221 D NFQEUDTPTIOQMSMTITIYSTCTLKE
730 740 750 760 770 780
721 AGAAAGGAAAATTCTGGAAAACGCCCAGAGATTTAATCAGGCTCAGTCGGGGAATATTCA
241 ERKTILENAQRTFNGO QAT QSG GNTIQ
790 800 810 820 830 840
781 GAGCACAGTGATGTTAGACAAACAGAAAGAGCTTGACAGTAAAGTCAGAAATGTGAAGGA
261 S TVMLUDTEKT QTZKTETLTDST KVRNVKTD
850 860 870 880 890 900
841 CAAGGTTATGTGTATAGAGCATGAAATCAAGAGCCTGGAAGATTTACAAGATGAATATGA
281 K VMCTI1EHTETITZKSTLTETDTLTG GQTDTETVYTD
910 920 930 940 950 960
901 CTTCAAATGCAAAACCTTGCAGAACAGAGAACACGAGACCAATGGTGTGGCAAAGAGTGA
301 F KCKTLG QNRTEHTETNGVATEKTSTD
970 980 990 1000 1010 1020
961 TCAGAAACAAGAACAGCTGTTACTCAAGAAGATGTATTTAATGCTTGACAATAAGAGAAA
321 Q KQ EQLLLTEKTEKTMYTLMLTDNKR K
1030 1040 1050 1060 1070 1080
1021 GGAAGTAGTTCACAAAATAATAGAGTTGCTGAATGTCACTGAACTTACCCAGAATGCCCT
341 EVVHIKT ITIETLTLNVTETLTTZ OQNAIL
1090 1100 1110 1120 1130 1140
1081 GATTAATGATGAACTAGTGGAGTGGAAGCGGAGACAGCAGAGCGCCTGTATTGGGGGGCC
361 I NDELVEWZ KT RRI QO QSATCTIGTGP
1150 1160 1170 1180 1190 1200
1141 GCCCAATGCTTGCTTGGATCAGCTGCAGAACTGGTTCACTATAGTTGCGGAGAGTCTGCA
381 P NACLUDG QLT OQNMWFTTIVATESTLOQ
1210 1220 1230 1240 1250 1260

1201 GCAAGTTCGGCAGCAGCTTAAAAAGTTGGAGGAATTGGAACAGAAATACACCTACGAACA



401

1261
421

1321
441

1381
461

1441
481

1501
501

1561
521

1621
541

1681
561

1741
581

1801
601

1861
621

1921
641

1981
661

2041
681

2101
701

2161
721

2221
741

2281
761

2341
781

2401
801

2461
821

2521
841

2581
861

2641
881

Q VR QOQLEKTEKTLTETETLTET QI KTYTYEH

1270 1280 1290 1300 1310 1320
TGACCCTATCACAAAAAACAAACAAGTGTTATGGGACCGCACCTTCAGTCTTTTCCAGCA
DP1 TKNIKOQVLWDIRTEFSULFQNQ
1330 1340 1350 1360 1370 1380
GCTCATTCAGAGCTCGTTTGTGGTGGAAAGACAGCCCTGCATGCCAACGCACCCTCAGAG
L 1 Q S SFVVERQPTCMPTHZPIQR
1390 1400 1410 1420 1430 1440

GCCGCTGGTCTTGAAGACAGGGGTCCAGTTCACTGTGAAGTTGAGACTGTTGGTGAAATT
P LVLKTG GVQFTVIKLRILILVKL
1450 1460 1470 1480 1490 1500
GCAAGAGCTGAATTATAATTTGAAAGTCAAAGTCTTATTTGATAAAGATGTGAATGAGAG
Q E L NYNULIKV KV L FDIKUDVNER

1510 1520 1530 1540 1550 1560
AAATACAGTAAAAGGATTTAGGAAGTTCAACATTTTGGGCACGCACACAAAAGTGATGAA
N TV K GFRKFNT L GTHTIKV MN
1570 1580 1590 1600 1610 1620

CATGGAGGAGTCCACCAATGGCAGTCTGGCGGCTGAATTTCGGCACCTGCAATTGAAAGA
M E E S TNGS L AAEFRMHLQL K E
1630 1640 1650 1660 1670 1680
ACAGAAAAATGCTGGCACCAGAACGAATGAGGGTCCTCTCATCGTTACTGAAGAGCTTCA
Q K NAGTRTNESGW®PL 11V TETETLH
1690 1700 1710 1720 1730 1740
CTCCCTTAGTTTTGAAACCCAATTGTGCCAGCCTGGTTTGGTAATTGACCTCGAGACGAC
s L SFETOQLT COQPGLV I DL ETT
1750 1760 1770 1780 1790 1800
CTCTCTGCCCGTTGTGGTGATCTCCAACGTCAGCCAGCTCCCGAGCGGTTGGGCCTCCAT
s LPVVVI SNVSQLUPSGWAS'I
1810 1820 1830 1840 1850 1860
CCTTTGGTACAACATGCTGGTGGCGGAACCCAGGAATCTGTCCTTCTTCCTGACTCCACC
L wWYNMLVAEWPRNLSZFFLTPP
1870 1880 1890 1900 1910 1920
ATGTGCACGATGGGCTCAGCTTTCAGAAGTGCTGAGTTGGCAGTTTTCTTCTGTCACCAA
C ARWAQLSEVLSWOQFSSVTHK
1930 1940 1950 1960 1970 1980
AAGAGGTCTCAATGTGGACCAGCTGAACATGTTGGGAGAGAAGCTTCTTGGTCCTAACGC
R G LNVDO QULNMLTGEZKTILLGZPNA

1990 2000 2010 2020 2030 2040
CAGCCCCGATGGTCTCATTCCGTGGACGAGGTTTTGTAAGGAAAATATAAATGATAAAAA
s PDGLI11PWTRU FCIKENTIND KN
2050 2060 2070 2080 2090 2100
TTTTCCCTTCTGGCTTTGGATTGAAAGCATCCTAGAACTCATTAAAAAACACCTGCTCCC
FPFWILWTI1EJ ST LETLTI1IKIKMHTLILP
2110 2120 2130 2140 2150 2160
TCTCTGGAATGATGGGTGCATCATGGGCTTCATCAGCAAGGAGCGAGAGCGTGCCCTGTT
L wWNDSGT CI MGEFI1T S KERERATLL
2170 2180 2190 2200 2210 2220

GAAGGACCAGCAGCCGGGGACCTTCCTGCTGCGGTTCAGTGAGAGCTCCCGGGAAGGGGC
K bQ@ Q PG TFLLRFSESSREGA
2230 2240 2250 2260 2270 2280
CATCACATTCACATGGGTGGAGCGGTCCCAGAACGGAGGCGAACCTGACTTCCATGCGGT
I T F T WV EWRSIOQNSGSGEZPDFHAYV

2290 2300 2310 2320 2330 2340
TGAACCCTACACGAAGAAAGAACTTTCTGCTGTTACTTTCCCTGACATCATTCGCAATTA
E PY T K KELSAVTF®PDTI1 1 RNY
2350 2360 2370 2380 2390 2400
CAAAGTCATGGCTGCTGAGAATATTCCTGAGAATCCCCTGAAGTATCTGTATCCAAATAT
K v Mm AAENIPENWPLIKY LY P NI
2410 2420 2430 2440 2450 2460

TGACAAAGACCATGCCTTTGGAAAGTATTACTCCAGGCCAAAGGAAGCACCAGAGCCAAT
DK DHAFGIKY Y SRPIKEAPEPM

2470 2480 2490 2500 2510 2520
GGAACTTGATGGCCCTAAAGGAACTGGATATATCAAGACTGAGTTGATTTCTGTGTCTGA
ELDGPIKSGTGY Il KTETWLTI SV S E
2530 2540 2550 2560 2570 2580

AGTTCACCCTTCTAGACTTCAGACCACAGACAACCTGCTCCCCATGTCTCCTGAGGAGTT
vV HP SRLQTTTIDNLLZPMSPEEF
2590 2600 2610 2620 2630 2640
TGACGAGGTGTCTCGGATAGTGGGCTCTGTAGAATTCGACAGTATGATGAACACAGTATA
bEV SRI1I VGSVEFDSMMNTV *
2650 2660 2670 2680 2690 2700
GAGCATGAATTTTTTTCATCTTCTCTGGCGACAGTTTTCCTTCTCATCTGTGATTCCCTC



Sequence SERPINAL mature peptide cDNA (NM_001127707.1) with chosen editing site (PiZZ E342K,
yellow).

10 20 30 40 50 60

1 GAGGATCCCCAGGGAGATGCTGCCCAGAAGACAGATACATCCCACCATGATCAGGATCAC
1 EDPOQGODAAQIKTT DTS SHHTDTOQTDH
70 80 90 100 110 120

61 CCAACCTTCAACAAGATCACCCCCAACCTGGCTGAGTTCGCCTTCAGCCTATACCGCCAG
21 P TFNZKTITPNLAETFATFS STLYRDQ
130 140 150 160 170 180

121 CTGGCACACCAGTCCAACAGCACCAATATCTTCTTCTCCCCAGTGAGCATCGCTACAGCC
41 LAHQS SNSTNTIFFSPVSIATA
190 200 210 220 230 240

181 TTTGCAATGCTCTCCCTGGGGACCAAGGCTGACACTCACGATGAAATCCTGGAGGGCCTG
61 FAMLTSTLGTU KA ADTHODTETITLTEG.L
250 260 270 280 290 300

241 AATTTCAACCTCACGGAGATTCCGGAGGCTCAGATCCATGAAGGCTTCCAGGAACTCCTC
81 NFNLTTETILIZPTEHA AQTIUHTETGTFTU QETL.L
310 320 330 340 350 360

301 CGTACCCTCAACCAGCCAGACAGCCAGCTCCAGCTGACCACCGGCAATGGCCTGTTCCTC
101 R TLNOQTPDS SO QLU QQLTTSGNTGTLFL
370 380 390 400 410 420

361 AGCGAGGGCCTGAAGCTAGTGGATAAGTTTTTGGAGGATGTTAAAAAGTTGTACCACTCA
121 S EGLIKTLVDTZKTFTLTETDVEKTEKTLTYHS
430 440 450 460 470 480

421 GAAGCCTTCACTGTCAACTTCGGGGACACCGAAGAGGCCAAGAAACAGATCAACGATTAC
141 EAFTVNTFGTDTTETEA ATZKTZ KT QTINTDY

490 500 510 520 530 540

481 GTGGAGAAGGGTACTCAAGGGAAAATTGTGGATTTGGTCAAGGAGCTTGACAGAGACACA
161 VEKGTOQGIKTIHIVDLVZEKTETLTDTR RTIDT

550 560 570 580 590 600

541 GTTTTTGCTCTGGTGAATTACATCTTCTTTAAAGGCAAATGGGAGAGACCCTTTGAAGTC
181 V FALVYVYNYTIFFZKTGTZKUWET RTPTFTEV

610 620 630 640 650 660

601 AAGGACACCGAGGAAGAGGACTTCCACGTGGACCAGGTGACCACCGTGAAGGTGCCTATG
201 K DTEETETDTFEFHVYVDOQVTTVIKVPM

670 680 690 700 710 720

661 ATGAAGCGTTTAGGCATGTTTAACATCCAGCACTGTAAGAAGCTGTCCAGCTGGGTGCTG
221 M KR LGMTFNTIOQHTCTI KT KTLTSSWVL

730 740 750 760 770 780

721 CTGATGAAATACCTGGGCAATGCCACCGCCATCTTCTTCCTGCCTGATGAGGGGAAACTA
241 LM KYLGNATATILTFTFLTPDTETGTK KL

790 800 810 820 830 840

781 CAGCACCTGGAAAATGAACTCACCCACGATATCATCACCAAGTTCCTGGAAAATGAAGAC
261 Q HLENTETLTHODTIITZKTFTLTENTETD

850 860 870 880 890 900

841 AGAAGGTCTGCCAGCTTACATTTACCCAAACTGTCCATTACTGGAACCTATGATCTGAAG
281 R RSASILUHLTPIKTLTSTITGTVYDTLK

910 920 930 940 950 960

901 AGCGTCCTGGGTCAACTGGGCATCACTAAGGTCTTCAGCAATGGGGCTGACCTCTCCGGG

301 s vLGQLGITIKVFSNGADTLSG



961
321

1021
341

1081
361

1141
381

970 980 990 1000 1010 1020
GTCACAGAGGAGGCACCCCTGAAGCTCTCCAAGGCCGTGCATAAGGCTGTGCTGACCATC
vV T EE AP L KL S KAV HKAV LTI

1030 1040 1050 1060 1070 1080
GACAAGAAAGGGACTGAAGCTGCTGGGGCCATGTTTTTAGAGGCCATACCCATGTCTATC
DK K GTEAAGAMFLEATILIPMSI

1090 1100 1110 1120 1130 1140
CCCCCCGAGGTCAAGTTCAACAAACCCTTTGTCTTCTTAATGATTGAACAAAATACCAAG
P PEV KFNIKWPFVFLMIEZGQNT K

1150 1160 1170 1180

TCTCCCCTCTTCATGGGAAAAGTGGTGAATCCCACCCAAAAATAA
S PLFMGIKVVNPTQK *
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