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Supplementary Fig. 1 | SPKK-related motifs are important for the deamination activity of
Ddd_Bc. a, In vitro cytidine deamination assays by wild type Ddd_Bc (WT), Ddd_Bc with two
SPKK-related motifs removed (Delta), and Delta rescued with AT- hook sequence (AT-Hook) on

6-Carboxyfluorescein (FAM) labelled dsDNA substrate (S). The DNA sequence is 5'-FAM-

ATATTATTTATTTTCATTTTATTTATTATA-3". Cytidine deamination leads to products (P)
with increased mobility. The samples derive from the same experiment and that gels were processed
in parallel. Gels are representatives from n = 3 independent experiments. b, Quantification of the
relative amounts of deamination product versus protein concentration for Ddd_Bc (WT) and two
Ddd_Bc variants (2PV, 2PN), top shows the schematic of constructs. Associate gels are shown in c.
Shown are mean =SD; n = 3 independent experiments. ¢, In vitro cytidine deamination assays by
wild type Ddd_Bc (WT) and two Ddd_Bc variants (2PV, 2PN) on 6-FAM labelled dsDNA. The
sequence of dsDNA substrate is the same as shown in a. The samples derive from the same
experiment and gels were processed in parallel. Gels are representatives from n = 3 independent

experiments. Source data are provided as a Source Data file.
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Supplementary Fig. 2 | Verification of deaminase activity for candidate Ddd_Bc homologs. a-
i, In vitro cytidine deamination assays using a double-stranded 5'-FAM-
ATATTTTCACGCCATTTATTA-3' DNA substrate, which contains AC, TC, CC and GC, with
Ddd_Bc (a), Ddd_Ru (b), WP_073889652.1 (c), Ddd_Ss (d), Ddd_Fa (e), WP_092980785.1 (f),
WP_043776830.1 (g), WP_092975816.1 (h) and Ddd_Ca (i). The samples derive from the same
experiment and gels were processed in parallel. Gels are representatives of n = 2 independent
experiments. j, Quantification of the relative amounts of deamination product versus protein
concentration for Ddd_Bc and candidate Ddd_Bc homologs, associated gels are shown in a-i.
Shown are mean from n = 2 independent experiments. Kk, In vitro cytidine deamination assays by
Ddd_Bc and Ddd_Ss using 6-FAM labeled dsDNA substrate. The DNA sequence is 5'-FAM-

ATATTATTTGNCATTTATTATA-3', and the N is indicated at the top of each lane. Shown is a



representative gel from n = 3 independent experiments. Source data are provided as a Source Data

file.



a b

ND5.1-DACBE_Bc_G1397 Alleles (%) ND5.1-DdCBE_Ss_N94 Alleles (%)
Unedittd CATGTGCCTAGACCAAGS®B3IT7#4.09 Unedited CATGTGCCTAGACCAA G 38994634
CATGTGCCTAGATTAAG 2212£227 CATGTACCTAGACCAAGD3061£2.71
Egitedd CATGTACCTAGACCAAG 6.65:141 CATGTGCCTAGATCAAG6.71£0.61
e CATGTGCCTAGATCAAG 242:023 CATGTGTTTAGATCA AG6.2941.33
CATGTGCCTAAACCAAG1.11£0.35 Edted4 CATGTACCTAGATCAAGB.17:0.35
CATGTGTCTAGATCAAG 3.18:051
CATGTGTTTAGATTA A G 1.80£0.60
CATGTGTCTAGACCA A G 1.00£0.10
ND5.1-DdCBE_Bc_G1333 Alleles (%) ND5.1-DdCBE_Ss_N29 Alleles (%)
Unedited CA TG TGCCTAGACCAA G 8459:4.13 Unedited CATGTGCCTAGACCA A G B86.70:1.47
) {CATGTGCCTAAACCAAGT.BBﬂ.az CATGTACCTAGACCAA G 573060
Editted{ c ATGTGCTTAGACCAAG 4612141 Edted{ CATGTGTTTAGACCAA G 3542049
CATGTGTTTAGATCAAGO097:0.15

c d
ATP6.1-DdCBE_Bc_G1397 Alleles (%) ATP6.1-DdCBE_Ss_N94 Alleles (%)
Unedited AT CGAAACCATCAGCCT 29.3817.12 Unedited ATCGAAACCATCAGCCT 57994327
[ATCGAAACCATTAGCCT 39.10+3.79 ATCGAAACCATTAGCCT 2942+1.49
Edted4{ ATCAAAACCATTAGCC T 15.09:0.89 Edited4 ATCGAAATTATTAGCCTB.77+1.71
LATCAAAACCATCAGCCT 1383312 ATCGAAATTATCAGCCTO0.912015
ATP6.1-DACBE_Bc_G1333 Alleles (%) ATP6.1-DJdCBE_Ss_N29 Alleles (%)
Unedited AT CGAAACCATCAGCC T 44844297 Unedited ATCGAAACCATCAGCC T 7653:1.72
TATCGAAATTATTAGCC T 2337+1.84 Edited ATCGAAATTATCAGCCTA17.01:1.27
Edted4{ ATCGAAACCATTAGCC T 2291:0.75 e ATCGAAATTATTAGCCT 3331028

LATCGAAACTATTAGCCT610:0.17

Supplementary Fig. 3| Allele compositions from mitochondrial editing by ND5.1-DdCBEs and
ATP6.1-DACBEs. a, b, Frequencies of MT-ND?5 alleles produced by ND5.1-DdCBE_Bc (a) with
G1397 and G1333 split or ND5.1-DdCBE_Ss (b) with N94 and N29 split. ¢, d, Frequencies of MT-
ATPG6 alleles produced by ATP6.1-DdCBE_Bc (c) with G1397 and G1333 split or ATP6.1-

DdCBE_Ss (d) with N94 and N29 split. Shown are mean £SD; n = 3 independent experiments.
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Supplementary Fig. 4 | Ddd_Ss enable efficient editing at 8 mitochondrial DNA sites. a-h,
mtDNA editing efficiencies of HEK293T cells treated with TRNA-DACBE (a), ATP8-DJCBE (b),
ATP6.2-DACBE (c), ATP6.3-DACBE (d), ATP6.4-DACBE (e), COX3-DdCBE (f), TRNS2-DdCBE
(9), CYTB-DACBE (h). Shown are mean =SD; n = 3 independent experiments. Source data are

provided as a Source Data file.



a b

TRNA-DACBE_Bc Alleles (%) ATP8-DACBE_Bc Alleles (%)
Unedited G TAACAGCTAAGGACTG C 81.73t2.95 Unedited ACCGTATGGCCCAC C 47.39:064
Edited_l:GTAACAGCTAAGAACTGC“_?ﬁﬂAs ACCGTATGGTTTACC 27.89+2.18
GTAACAGCTAAGGATTG C 24810.20 ACCGTATGGCTTACC 1551+1.86
Edited4 ACCATATGGCCC A C C 2452059
ACCGTATGGCTCACC 143013
ACCGTATGGTTCACC 1424013
TRNA-DJCBE_Ss Alleles (%) ATP8-DACBE_Ss Alleles (%)
Unedited GTAACAGCTAAGGACTG C43.74:282 Unedited ACCGTATGGC CC A C C 3468221
GTAACAACTAAGGACTG C 24244140 ACCGTATGGTTTAC C2212+1.91
GTAACAGTTAAGGACTG C 20.25¢1.20 ACCGTATGGTTCAC C 1543+1.06
Edited{ GTAACAACTAAGAACTG C 275:0.10 ACCATATGGCCCAC C 6.15:0.96
GTAACAATTAAGGACTG C233+0.16 ACCGTATGGTCCAC C8.332053
GTAACAGTTAAGGATTG C 191:0.04 Edited{ ACCA TATAACCC A C C 3.34:047
ACCGTATAACCCAC C 298:0.18
ACCATATGGTTC A C C 206:0.06
ACCATATGGTTTA C C 126+0.03
ACCATATGGTCCACC121+0.11
[ d
ATP6.2-DdCBE_Bc Alleles (%) ATP6.3-DdCBE_Bc Alleles (%)
Unedited CCTAGGCCTACCCGCCG C 7703571 Unedited CACCACCCAACAATGAC T 8955206
CCTAGGCCTATTTGCCG C 88243.23 Edited CACCACCCAACAATAACT 4.00:024
Edted{ CCTAGGCCTATTCGCCG C 52240.88
CCTAAACCTACCCGCCG C 3.2040.90
ATP6.2-DdCBE_Ss Alleles (%) ATP6.3-DJCBE_Ss Alleles (%)
Unedited CC TAGGCCTACCCGCCGC 3748751 Unedted CACCACCCAACAATGACT 8444+1.98
[CCTAAACCTACCCGCCGC 17.95:3.83 CACCACCCAACAATAACT 482065
CCTAGACCTACCCGCCGC 10.110.70 Edited CACCATCCAACAATGACT 387047
CCTAGGTTTATTTGCCG C 536£1.96 CACCACCCAATAATGACT 1171012
CCTAGGTTTACCCGCC G C 574+0.96 CACCATTTAACAATGAC T 094014
CCTAGGCCTATCCGCC G C 3.87:0.27
Edited4| CCTAGGTTTATCCGCC G C 262:0.54
CCTAGGCCTATTTGCC G C 1.60:0.16
CCTAAACCTATCCGCC G C 1.30£0.07
CCTAGGTCTACCCGCC G C 1.42:0.07
CCTAGACCTATCCGCC G C 1.34:0.16
LCCTAGGTCTATCCGCCG C 0.91£0.09
e f
ATP6.4-DACBE_Bc Alleles (%) COX3-DJCBE_Bc Alleles (%)
Unedited AACCTCAAAACAAATGAT 87.84+153 Unedittd GATACTGGCATTTTG T 95.16:1.07
Edited AACCTTAAAACAAATGAT 9844149 Edted GATACTAGCATTTTG T 238093
ATP6.4-DAdCBE_Ss Alleles (%) COX3-DdCBE_Ss Alleles (%)
Unedited AACCTCAAAACAAATGAT 82764201 Unedited GATACTGGCATTTTGT 4649+9.39
AACCTTAAAACAAATGAT 7.140.78 GATACTAACATTTTGT 305514.46
) AACCTCAAAATAAATGAT 337033 . GATACTGGTATTTTGT 154514.28
Edited] A ACCTCAAAACAAATAAT 321058 Bdittd] G ATACTAATATTTTGT 272:0.07
AACCTTAAAATAAATGA T 1.28:0.30 GATATTGGTATTTTGT 128067
g h
TRNS2-DdCBE_Bc Alleles (%) CYTB-DJCBE_Bc Alleles (%)
Edted CACAAAAACTGCTAACT C492541.72 Unedited AAATTATGGCTGAATC 97.14:0.11
Uneditted CACAAGAACTGCTAACT C47.76:162 Edited AAATTATGGTTGAAT C 04120.06
TRNS2-DACBE_Ss Alleles (%) CYTB-DACBE_Ss Alleles (%)
Unedited CACAAGAACTGCTAACT C 5518211 Unedited AAATTATGGCTGAATC 6273£1.33
CACAAAAACTGCTAACTC 209+1.39 Edited{AAATTATGGTTGAATC24,60¢1_10
CACAAGAACTGTTAACT C 8464054 AAATTATAACTGAATC 8462070
) CACAAAAACTACTAACT C 499083
Bdittd1 c ACAAGAATTGCTAACTC 210:0.00
CACAAAAACTGTTAACT C 1.78£0.29
CACAAGAATTGTTAACT C 1.98:0.33

Supplementary Fig. 5 | Allele compositions for 8 mitochondrial DNA sites edited by
DdCBE_Bc or DACBE_Ss. a-h, Frequencies of DACBE edited alleles produced by TRNA-DdCBE
(a), ATP8-DACBE (b), ATP6.2-DdCBE (c), ATP6.3-DdCBE (d), ATP6.4-DdCBE (e), COX3-
DdCBE (f), TRNS2-DdCBE (g), CYTB-DdCBE (h). Shown are mean =SD; n = 3 independent

experiments.
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Supplementary Fig. 6 | DACBE_Ss can enable mitochondrial base editing in other human cell
lines. a, b, mtDNA editing efficiencies of HelLa cells treated with ND5.1-DdCBE (a) and ATP6.1-
DdCBE (b). c, d, mtDNA editing efficiencies of U20S cells treated with ND5.1-DdCBE (c) and
ATP6.1-DdCBE (d). Shown are mean £SD; n = 3 independent experiments. e, Cell viability was
measured by recording the luminescence in HEK293T cells at various days after treated with
DdCBE_Bc or DACBE_Ss targeting different mtDNA loci. The values were normalized to the
untreated samples from the same day. Shown are mean +=SD; n = 3 independent experiments. Source

data are provided as a Source Data file.



Alleles (%)

Unedted TC ACAGTCGCATC AT 41.52+0.70

ND4-DdCBE_Ss5

Alleles (%)
Unedted CACAGTCGCATCA T 4998+7.12

Edited |

Unedited AGCCATCGCTGTAGTA T 5655:3.18

Edlied‘|:
Supplementary Fig. 7 | Allele compositions from mitochondrial editing by ND4-DdCBEs and

ND4-DACBE_Ss

TCACAATCACATC AT 959+0.88
TCACAATCGCATC AT 363007
TCACAATCGTATCAT3.13:024
TTACAGTTGTATT AT 264+0.27
TTACAATCGTATCAT 269:020
TCACAGTCACATCAT 2354017
TTACAGTTGTATCAT 2241020
TCACAATCATATCAT 181:0.04
TCACAGTCGTATCAT 165021
TTACAGTCGTATC AT 1.55+0.09
TTACAATTGTATCAT 1.39:0.06
TCACAATCACATCA T 1.03:0.37

TCATATCAT120£005
TCGTATTA T 1.00£0.05

Edited

CACAATCGCATCAT 1475+1.46
CACAATCACATCAT®6.02+1.60
CACAGTCGTATCAT 4300.39
TACAGTCGCATCAT 3.36:0.61
TACAGTCGTATCAT295+0.82
CACAGTCACATCAT 2434048
CACAATCGTATCAT 189+0.28
CACAGTCGCATTAT 1.55t0.11
CACAGTTGCATCATO0900.10

Alleles (%)

Unedited AGCCATCGCTGTAGT AT 43.2442.14

Edited ﬁ

ND6-DACBE_Ss5

Alleles (%)

ND6-DACBE_Ss

AGCCATTGTTGTAGT AT 19.04:0.64
AGCCATCACTGTAGT AT 12.352053
AGCCATTATTGTAGT AT 630+0.54
AGCCATTACTGTAGT AT 422+0.52
AGCCATCACTATAGT AT 256£0.55
AGCCATTGCTGTAGT AT 2964046
AGCCATCATTGTAGTAT 166+02
AGCCATCGTTGTAGT AT 1.7410.27
AGCCATCACTGTAATAT 1.25:022

AGCCATCACTGTAGTAT 1627+1.2
AGCCATCGTTGTAGT A T 10.2910.51
AGCCATTGTTGTAGTAT 6571117
AGCCATTGCTGTAGTAT 2991033
AGCCATCACTGTAATAT 1.04£023
AGCCATCATTGTAGTAT 1.80£0.60

ND6-DdCBEs. a, b, Frequencies of MT-ND4 alleles produced by ND4-DdCBE_Ss (a) or ND4-

(b). ¢, d, Frequencies of MT-ND6 alleles produced by ND6-DACBE_Ss (c) or ND6-

DJCBE_Ss5

3 independent experiments.

(d). Shown are mean =SD. n

DJCBE_Ss5
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AGCCATCACTGTAGTAT 13.78:08 CACAATCGTATCAT 473:184
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Edited ] AGCCATTACTGTAGTAT 809088 CACAATCGCATCAT413+177
"l AGCCATTGCTGTAGTAT 4176033 CACAATCATATCAT 253:047
AGCCATCATTGTAGT AT 3.03:035 TACAGTCGTATCAT 185:085
AGCCATCGTTGTAGTA T 1.91:0.08 Edited 4 CACAGTCACATCAT 1872089
AGCCATCACTATAGTAT 1.44:0.14 CACAGTCGTATCAT 245:164
TACAATCATATCAT 142403
TACAGTTGTATCAT 1.30:032
TACAATTGTATCAT1.32:026
TACAATCGTATTAT 1411047
TACAGTTGTATTAT 1.00:029
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Supplementary Fig. 8 | DACBE_Ss can install disease-associated mtDNA mutations in
previously inaccessible GC sites. a, b, Oxygen consumption rate (OCR) (a) and relative values of
respiratory parameters (b) in HEK293T cells treated with the ND4-DdCBE_Ss5 or dead ND4-
DdCBE_Ss5. Shown are mean =SD; n = 3 independent experiments. ¢, d, Mitochondrial base
editing efficiencies of cells used in Fig. 3d and Fig. 3e (c), and cells used in a and b (d). Disease-
associated target sites are shown using orange. Shown are mean =+ SD; n = 3 independent
experiments. e, f, Frequencies of MT-ND6 (e) and MT-ND4 (f) alleles produced by ND6- and ND4-
DdCBE_Ss5 in cells used for OCR measurement. Shown are mean £ SD. n = 3 independent

experiments. Source data are provided as a Source Data file.
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Supplementary Fig. 9 | The CeG to TeA editing frequency in mitochondrial genome of

HEK293T cells treated with different DACBEs. a-f, Average C+G to T+A editing efficiency of

on-target (red dots) and off-target (gray dots) sites across mtDNA are shown for HEK293T cells

treated with (a) DACBE_Bc without TALE arrays, (b) DACBE_Ss without TALE arrays, (c) ND5.1-

DACBE_Bc, (d) ND5.1-DdCBE_Ss, (¢) ATP6.1-DdCBE_Bc, and (f) ATP6.1-DACBE_Ss. Sites

with average editing frequency greater than 1% are shown. Data are shown as means from n = 2

independent experiments. Source data are provided as a Source Data file.
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Supplementary Fig. 10 | Off-target editing activity of DACBEs in nuclear genome of HEK293T

cells. a-c, The on-target editing site in mtDNA and the corresponding sites in nuclear DNA with the

greatest homology are shown for ND4-DdCBE

binding sites are shown in purple. Target cytosines are in blue. Nucleotide mismatches between the
mtDNA and nuclear pseudogenes are in red. Shown are mean £SD; n = 3 independent experiments.

Source data are provided as a Source Data file.
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Ddd_Fa NG TWYF Tolhder v[SpkMLP TIMEEGS T LpRARIJANANAPKP SWVD T VST Y I[gNDK Ijd. KPK .
b ND5.1-DdCBE_Bc_E1370N d
5.1-DACBE_Bc_E1370 Alleles (%) ND5.2-DdCBE_Bc_E1370N Alleles (%)
Unedited CATGTGCCTAGACCAAG4036:477 Unedited AGAAGGCCCCACCC C 259316.02
CATGTGCCTAGATTAAG 3580£1.36 [AGAAAACCCCACCCC 17.64+1.59
CATGTACCTAGACCAAG 9.05¢1.94 AGAAGGCCCCATTC C 8924093
Edted{ CATGTACCTAGATTAAG 592+012 AGAAAACCCCATTC C 684031
CATGTGTCTAGATTAAG 1.50£0.35 AGAAAGCCCCACCCCB634:049
CATGTGCTTAGATTA AG 0941018 AGAAAGCCCCATTC C 530:0.31
Edted4 AGAAGGCCCTATT C C 3691046
c AGAAAACCCTATTC C 27110.04
ND7-DACBE Bc E1370N  pjgjeq (o) AAAAAACCCCACCCC 159:020
Unedited GA TCGGCGCACTG C G 51.24¢3.91 AGAAAGCCCTATTC C 1354009
GATTGGCGCACTGC G 11.98:0.22 AGAAGGCCCCATTTC 1.27+0.18
GATTGGCGCATTGCG 112241.38 LAGAAGGCCTTATTCC 119019
) GATCAGCGCACTAGC G 906+1.29
Bdittd 1 G AT CGGCGCATTGC G 7.14:059
AATCGGCGCACTGCG 237+0.13
AATCAGCGCACTGC G 155022

Supplementary Fig. 11 | E1370N mutation extensively increases the editing efficiency and
sequence compatibility of DACBE_Bc. a, Multiple alignment of Ddd_Bc, Ddd_Ru, Ddd_Ss and
Ddd_Fa. Secondary structure elements are presented on top according to Ddd_Bc structure; helices
with squiggles, B-strands with arrows, and turns with TT letters. Loop numbers are manually
designated. Two orange boxes mark two amino acids P1369 and E1370 in Ddd_Bc and
corresponding amino acids in Ddd_Ss. Green boxes mark the sequences that are used to make
Ddd_Bc_L1 and Ddd_Bc_L3 variants. b-d, Frequencies of DACBE edited alleles produced by
ND5.1-DdCBE_Bc_E1370N (b), ND1-DdCBE_Bc_E1370N (c), ND5.2-DdCBE_Bc_E1370N (d).

Shown are mean =SD; n = 3 independent experiments.



Supplementary Table 1 | Primers for HTS of on-target sites targeted by DACBE.

Site

HTS forward primer

HTS reverse primer

ND1

CCTACACGACGCTCTTCCGATCTNNNN
NNAGCCTAGCCGTTTACTCAATCCTCT
G

GTTCAGACGTGTGCTCTTCCGATCTGG
GTGGAGAGGTTAAAGGAGCCAC

TRNA

CCTACACGACGCTCTTCCGATCTNNNN
NNGGTTAAATACAGACCAAGAGCCTTC
AAAGCC

GTTCAGACGTGTGCTCTTCCGATCTGG
CTTAGCTTAATTAAAGTGGCTGATTTGC
G

ATP8

CCTACACGACGCTCTTCCGATCTNNNN
NNCTAGAGCCCACTGTAAAGCTAACTT
AGC

GTTCAGACGTGTGCTCTTCCGATCTCT
TTGGTGAGGGAGGTAGGTGGTAG

ATP6.1

CCTACACGACGCTCTTCCGATCTNNNN
NNGCCCTAGCCCACTTCTTACCACAAG

GTTCAGACGTGTGCTCTTCCGATCTGG
CCTGCAGTAATGTTAGCGGTTAGG

ATP6.2

CCTACACGACGCTCTTCCGATCTNNNN
NNCCCTGAGAACCAAAATGAACGAAAA
TCTG

GTTCAGACGTGTGCTCTTCCGATCTGG
GTGGTGATTAGTCGGTTGTTGATG

ATP6.3/
ATP6.4

CCTACACGACGCTCTTCCGATCTNNNN
NNCTATTTCCCCCTCTATTGATCCCCAC

GTTCAGACGTGTGCTCTTCCGATCTGT
CCGAGGAGGTTAGTTGTGGC

COX3

CCTACACGACGCTCTTCCGATCTNNNN
NNCCGCCAACTAATATTTCACTTTACAT
CCAAACATCAC

GTTCAGACGTGTGCTCTTCCGATCTGA
GTAAGACCCTCATCAATAGATGGAGAC
ATACAG

ND4

CCTACACGACGCTCTTCCGATCTNNNN
NNCATAATCGCCCACGGGCTTACATCC

GTTCAGACGTGTGCTCTTCCGATCTGC
TAGAAGTCATCAAAAAGCTATTAGTGG
GAGTAGAG

TRNS2

CCTACACGACGCTCTTCCGATCTNNNN
NNGTGAATCTGACAACAGAGGCTTACG
ACC

GTTCAGACGTGTGCTCTTCCGATCTGG
CCTAAGACCAATGGATAGCTGTTATCC

ND5.1

CCTACACGACGCTCTTCCGATCTNNNN
NNCCATTGTCGCATCCACCTTTATTATC
AGTCTC

GTTCAGACGTGTGCTCTTCCGATCTGT
AGTCTAGTTTGAAGCTTAGGGAGAGCT
GG

ND5.2

CCTACACGACGCTCTTCCGATCTNNNN
NNGCAGCAGGCAAATCAGCCCAATTAG

GTTCAGACGTGTGCTCTTCCGATCTGG
AAGCGGATGAGTAAGAAGATTCCTGC

ND6

CCTACACGACGCTCTTCCGATCTNNNN
NNCTCACCAAGACCTCAACCCCTGAC

GTTCAGACGTGTGCTCTTCCGATCTCT
GAATTTTGGGGGAGGTTATATGGGTTT
AATAG

CYTB

CCTACACGACGCTCTTCCGATCTNNNN
NNTGCACTACTCACCAGACGCCTCAAC

GTTCAGACGTGTGCTCTTCCGATCTCC
CGATGTGTAGGAAGAGGCAG




Supplementary Table 2 | Primers for HTS of off-target sites in pseudogens.

TCGCATCCACC

Name Forward primer Reverse primer
Pseudogene | CTAATTCTCTTTGAGGAGCATGGTT | TATCACTTCCAGCCACCTATTTCC
MTND4P12/5P1 | AG
1/6P4
CCTACACGACGCTCTTCCGATCTNN | GTTCAGACGTGTGCTCTTCCGATCT
MTND4PL2- NNNNGTCGCCCACGGACTTACATC GGCGAGATTAGTGAGGCTTGCTAG
HTS CTCATTAC AAGTC
CCTACACGACGCTCTTCCGATCTNN | GTTCAGACGTGTGCTCTTCCGATCT
MTTzifll- NNNNCCCATTAAGTAAAATCCATTA GTTTGAAGCTTAGGGAGAGTTGGGT

TG

MTND6P4-HTS

CCTACACGACGCTCTTCCGATCTNN
NNNNCACTTACCAAGACCTCAACCC
CTGACCC

GTTCAGACGTGTGCTCTTCCGATCT
TTCTGAATTACGGGGGAGGTTACAT
GGG




Supplementary Note 1 | Sequences used to construct DACBE architecture, ND5.1-DdCBE and
TALE amino acid sequences.

TXN2 MTS
MAQRLLLRRFLASVISRKPSQGQWPPLTSRALQTPQCSPGGLTVTPNPARTIYTTRISLT

YPYDVPDYA

DYKDDDDK
N-Ddd_Bc_G1397
GSYALGPYQISAPQLPAYNGQTVGTFYYVNDAGGLESKVFSSGGPTPYPNYANAGHVE
GQSALFMRDNGISEGLVFHNNPEGTCGFCVNMTETLLPENAKMTVVPPEG
C-Ddd_Bc_G1397

AIPVKRGATGETKVFTGNSNSPKSPTKGGC

N-Ddd_Ss_N94
SLPEYDGTTTHGVLVLDDGTQIGFTSGNGDPRYTNYRNNGHVEQKSALYMRENNISNAT
VYHNNTNGTCGYCNTMTATFLPEGATLTVVPPEN

C-Ddd_Ss_N94

AVANNSRAIDYVKTYTGTSNDPKISPRYKGN

N-Ddd_Bc_G1333

GSYALGPYQISAPQLPAYNGQTVGTFYYVNDAGGLESKVFSSGG

C-Ddd_Bc_G1333
PTPYPNYANAGHVEGQSALFMRDNGISEGLVFHNNPEGTCGFCVNMTETLLPENAKMT
VVPPEGAIPVKRGATGETKVFTGNSNSPKSPTKGGC

N-Ddd_Ss_N29

SLPEYDGTTTHGVLVLDDGTQIGFTSGN

C-Ddd_Ss_N29
GDPRYTNYRNNGHVEQKSALYMRENNISNATVYHNNTNGTCGYCNTMTATFLPEGATL
TVVPPENAVANNSRAIDYVKTYTGTSNDPKISPRYKGN

UGI
TNLSDIIEKETGKQLVIQESILMLPEEVEEVIGNKPESDILVHTAYDESTDENVMLLTSDAPE
YKPWALVIQDSNGENKIKML

GSGEGRGSLLTCGDVEENPGP

MVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWP
TLVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEG
DTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQ
LADHYQQONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITLGMDEL
YK

mCherry
MVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEGTQTAKLKVTKGGP



LPFAWDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWERVMNFEDGGVVTVTQDSS
LQDGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSERMYPEDGALKGEIKQRLKLKDG
GHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDEL

YK

2aa linker

GS

4aa linker

SGGS

The general architecture of left-side halves of DACBESs (from N- to C-terminus):
TXANZ2 MTS-HA-TALE-2aa linker-Ddd_Bc/Ddd_Ss half-4aa linker-UGI- -

The general architecture of right-side halves of DACBEs (from N- to C-terminus):
TXN2 MTS- -TALE-2aa linker-Ddd_Bc/Ddd_Ss half-4aa linker-UGI- -

ND5.1-DdCBE_Bc_G1397-Left:
MAQRLLLRRFLASVISRKPSQGQWPPLTSRALQTPQCSPGGLTVTPNPARTIYTTRISLT
SGASVDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALS
QHPAALGTVAVKYQDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQL
DTGQLLKIAKRGGVTAVEAVHAWRNALTGAPLNLTPEQVVAIASNGGGKQALETVQRLL
PVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQ
ALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAI
ASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHG
LTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLL
PVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQA
LETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIAS
NIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLT
PEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPV
LCQAHGLTPEQVVAIASNGGGKQALESIVAQLSRPDPALAALTNDHLVALACLGGRPAL
DAVKKGLGGSGSYALGPYQISAPQLPAYNGQTVGTFYYVNDAGGLESKVFSSGGPTPY
PNYANAGHVEGQSALFMRDNGISEGLVFHNNPEGTCGFCVNMTETLLPENAKMTVVPP
EGSGGSTNLSDIIEKETGKQLVIQESILMLPEEVEEVIGNKPESDILVHTAYDESTDENVML
LTSDAPEYKPWALVIQDSNGENKIKMLSGVD PVAT

ND5.1-DdCBE_Bc_G1397-Right:
MAQRLLLRRFLASVISRKPSQGQWPPLTSRALQTPQCSPGGLTVTPNPARTIYTTRISLT
SGASVDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQ
HPAALGTVAVKYQDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLD
TGQLLKIAKRGGVTAVEAVHAWRNALTGAPLNLTPEQVVAIASNGGGKQALETVQRLLP



VLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQA
LETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIAS
NNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLT

PEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPV
LCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALE
TVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNI
GGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPE
QVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALESIVAQLSRP

DPALAALTNDHLVALACLGGRPALDAVKKGLGGSAIPVKRGATGETKVFTGNSNSPKS

PTKGGCSGGSTNLSDIIEKETGKQLVIQESILMLPEEVEEVIGNKPESDILVHTAYDESTDE
NVMLLTSDAPEYKPWALVIQDSNGENKIKMLSGVYDGSGEGRGSLLTCGDVEENPGPPV
ATMVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPW
PTLVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFE

GDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKOQKNGIKVNFEKIRHNIEDGSV
QLADHYQONTPIGDGPVLLPDNHYLSTOQSALSKDPNEKRDHMVLLEFVTAAGITLGMDE
LYKLE

When construct DACBE without T2A-GFP sequence, the underlined sequence was

removed.
When construct DACBE with T2A-mCherry sequence, the GFP sequence was replaced by
mCherry sequence.

ND5.1-DACBE_Ss_N94-Left:
MAQRLLLRRFLASVISRKPSQGQWPPLTSRALQTPQCSPGGLTVTPNPARTIYTTRISLT
SGASVDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALS
QHPAALGTVAVKYQDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQL
DTGQLLKIAKRGGVTAVEAVHAWRNALTGAPLNLTPEQVVAIASNGGGKQALETVQRLL
PVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQ
ALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAI
ASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHG
LTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLL
PVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQA
LETVOQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIAS
NIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLT
PEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPV
LCQAHGLTPEQVVAIASNGGGKQALESIVAQLSRPDPALAALTNDHLVALACLGGRPAL
DAVKKGLGGSSLPEYDGTTTHGVLVLDDGTQIGFTSGNGDPRYTNYRNNGHVEQKSAL
YMRENNISNATVYHNNTNGTCGYCNTMTATFLPEGATLTVVPPENSGGSTNLSDIIEKET
GKQLVIQESILMLPEEVEEVIGNKPESDILVHTAYDESTDENVMLLTSDAPEYKPWALVIQ
DSNGENKIKMLSGYDGSGEGRGSLLTCGDVEENPGPPVATMVSKGEELETGVVPILVEL
DGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVOCFSRYPDH
MKOQHDFEKSAMPEGYVOERTIFFKDDGNYKTRAEVKFEGDTLVYNRIELKGIDFKEDGNIL
GHKLEYNYNSHNVYIMADKOKNGIKVNFEKIRHNIEDGSVOLADHYQONTPIGDGPVLLP




ND5.1-DdCBE_Ss_N94-Right:
MAQRLLLRRFLASVISRKPSQGQWPPLTSRALQTPQCSPGGLTVTPNPARTIYTTRISLT

SGASVDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQ
HPAALGTVAVKYQDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLD
TGQLLKIAKRGGVTAVEAVHAWRNALTGAPLNLTPEQVVAIASNGGGKQALETVQRLLP
VLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQA
LETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIAS
NNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLT
PEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPV
LCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALE
TVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNI
GGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPE
QVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALESIVAQLSRP
DPALAALTNDHLVALACLGGRPALDAVKKGLGGSAVANNSRAIDYVKTYTGTSNDPKIS
PRYKGNSGGSTNLSDIIEKETGKQLVIQESILMLPEEVEEVIGNKPESDILVHTAYDESTDE
NVMLLTSDAPEYKPWALVIQDSNGENKIKMLSGVDGSGEGRGSLLTCGDVEENPGPPV
AT

LE
ATP6.1-DdCBE Left mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETV
QRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIG
GKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQ
AHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETV
QRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIG
GKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNGGGKQALESIVAQLSRPDPALAALTNDHLVALACLGGRPALDAVKKGLG

ATP6.1-DAdCBE Right mitoTALE repeat

VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQ



VVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALET
VQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASN
GGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTP
EQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALET
VQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNN
GGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALESIVAQLSRPDPALAALTN
DHLVALACLGGRPALDAVKKGLG

ND1-DdCBE Left mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQA
HGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQR
LLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGK
QALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVV
AIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQA
HGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQ
RLLPVLCQAHGLTPEQVVAIASNGGGKQALESIVAQLSRPDPALAALTNDHLVALACLG
GRPALDAVKKGLG

ND1-DdCBE Right mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALET
VQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNI
GGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPE
QVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVL
CQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALE
SIVAQLSRPDPALAALTNDHLVALACLGGRPALDAVKKGLG

TRNA-DdCBE Left mitoTALE repeat

VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQ
AHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQ
RLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGG



KQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQV
VAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQA
HGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQR
LLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGG
KQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQV
VAIASNGGGKQALESIVAQLSRPDPALAALTNDHLVALACLGGRPALDAVKKGLG

TRNA-DdCBE Right mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQ
AHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQ
RLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGG
GKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALET
VQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASN
GGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALESIVAQLSRPDPALAALT
NDHLVALACLGGRPALDAVKKGLG

ATP8-DJCBE Left mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALET
VQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIG
GKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQ
AHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQ
RLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGG
KQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQV
VAIASNGGGKQALESIVAQLSRPDPALAALTNDHLVALACLGGRPALDAVKKGLG

ATP8-DJCBE Right mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALET
VQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNN



GGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPE
QVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALET
VQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNG
GGKQALESIVAQLSRPDPALAALTNDHLVALACLGGRPALDAVKKGLG

ATP6.2-DAdCBE Left mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALET
VQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHD
GGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPE
QVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALESI
VAQLSRPDPALAALTNDHLVALACLGGRPALDAVKKGLG

ATP6.2-DdCBE Right mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQ
AHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQ
RLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGG
KQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQV
VAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQA
HGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQ
RLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGG
KQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALESIVAQLSRPDPALAALTNDH
LVALACLGGRPALDAVKKGLG

ATP6.3-DdCBE Left mitoTALE repeat

VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQA
HGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQR
LLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGK
QALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVV
AIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAH
GLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQR



LLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQ
ALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALESIVAQLSRPDPALAALTNDHLVA
LACLGGRPALDAVKKGLG

ATP6.3-DAdCBE Right mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQ
AHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETV
QRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIG
GKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALET
VQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNG
GGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALESIVAQLSRPDPALAALTN
DHLVALACLGGRPALDAVKKGLG

ATP6.4-DACBE Left mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQ
AHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQ
RLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGG
KQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQV
VAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAH
GLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRL
LPVLCQAHGLTPEQVVAIASNGGGKQALESIVAQLSRPDPALAALTNDHLVALACLGGR
PALDAVKKGLG

ATP6.4-DAdCBE Right mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALET
VQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASN
NGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTP
EQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPV
LCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALE
TVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASN



NGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTP
EQVVAIASNGGGKQALESIVAQLSRPDPALAALTNDHLVALACLGGRPALDAVKKGLG

COX3-DdCBE Left mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQ
AHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQ
RLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDG
GKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALET
VQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASN
GGGKQALESIVAQLSRPDPALAALTNDHLVALACLGGRPALDAVKKGLG

COX3-DdCBE Right mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETV
QRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGG
KQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQV
VAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQA
HGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQR
LLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGG
KQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALESIVAQLSRPDPALAALTNDH
LVALACLGGRPALDAVKKGLG

ND4-DdCBE Left mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETV
QRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNN
GGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPE
QVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASNGGGKQALESIVAQLSRPDPALAALTNDHLVALACLGGRPALDA
VKKGLG



ND4-DdCBE Right mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALET
VQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNN
GGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPE
QVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALET
VQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNG
GGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALESIVAQLSRPDPALAALTN
DHLVALACLGGRPALDAVKKGLG

TRNS2-DdCBE Left mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETV
QRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIG
GKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQV
VAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQA
HGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALESIVA
QLSRPDPALAALTNDHLVALACLGGRPALDAVKKGLG

TRNS2-DdCBE Right mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQ
AHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQ
RLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNG
GKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALET
VQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNG
GGKQALESIVAQLSRPDPALAALTNDHLVALACLGGRPALDAVKKGLG

ND5.2-DdCBE Left mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG



VTAVEAVHAWRNALTGAPLNLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALET
VQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNI
GGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPE
QVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVL
CQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALES
IVAQLSRPDPALAALTNDHLVALACLGGRPALDAVKKGLG

ND5.2-DdCBE Right mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALET
VQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASN
NGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTP
EQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVL
CQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALE
SIVAQLSRPDPALAALTNDHLVALACLGGRPALDAVKKGLG

ND6-DdCBE Left mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQ
AHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQ
RLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGG
KQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQV
VAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQ
AHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETV
QRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIG
GKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQV
VAIASNGGGKQALESIVAQLSRPDPALAALTNDHLVALACLGGRPALDAVKKGLG

ND6-DdCBE Right mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALET
VQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASH



DGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTP
EQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPV
LCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQAL
ETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIAS
NGGGKQALESIVAQLSRPDPALAALTNDHLVALACLGGRPALDAVKKGLG

CYTB-DdCBE Left mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQ
AHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETV
QRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIG
GKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQ
AHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALESIV
AQLSRPDPALAALTNDHLVALACLGGRPALDAVKKGLG

CYTB-DdCBE Right mitoTALE repeat
VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKY
QDMIAALPEATHEAIVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGG
VTAVEAVHAWRNALTGAPLNLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASNIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQRLLPVLCQA
HGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQ
RLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGG
KQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQV
VAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQ
AHGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQ
RLLPVLCQAHGLTPEQVVAIASNGGGKQALESIVAQLSRPDPALAALTNDHLVALACLG
GRPALDAVKKGLG



Supplementary Note 2 | Ddd_Bc and Ddd_Ss variants used to construct DACBEs.

Ddd_Ss1 (T261+T771+T110l)
SLPEYDGTTTHGVLVLDDGTQIGFISGNGDPRYTNYRNNGHVEQKSALYMRENNISNAT
VYHNNTNGTCGYCNTMIATFLPEGATLTVVPPENAVANNSRAIDYVKTYIGTSNDPKISPR
YKGN

Ddd_Ss2 (T26l)
SLPEYDGTTTHGVLVLDDGTQIGFISGNGDPRYTNYRNNGHVEQKSALYMRENNISNAT
VYHNNTNGTCGYCNTMTATFLPEGATLTVVPPENAVANNSRAIDYVKTYTGTSNDPKISP
RYKGN

Ddd_Ss3 (T771)
SLPEYDGTTTHGVLVLDDGTQIGFTSGNGDPRYTNYRNNGHVEQKSALYMRENNISNAT
VYHNNTNGTCGYCNTMIATFLPEGATLTVVPPENAVANNSRAIDYVKTYTGTSNDPKISP
RYKGN

Ddd_Ss4 (T1101)
SLPEYDGTTTHGVLVLDDGTQIGFTSGNGDPRYTNYRNNGHVEQKSALYMRENNISNAT
VYHNNTNGTCGYCNTMTATFLPEGATLTVVPPENAVANNSRAIDYVKTYIGTSNDPKISP
RYKGN

Ddd_Ss5 (T771+T1101)
SLPEYDGTTTHGVLVLDDGTQIGFTSGNGDPRYTNYRNNGHVEQKSALYMRENNISNAT
VYHNNTNGTCGYCNTMIATFLPEGATLTVVPPENAVANNSRAIDYVKTYIGTSNDPKISPR
YKGN

Ddd_Bc_L1
GSYALGPYQISAPQLPAYNGQTVGTFYYVNDAGGLESKVFSSGNGDPRYTNYRNNGHV
EGQSALFMRDNGISEGLVFHNNPEGTCGFCVNMTETLLPENAKMTVVPPEGAIPVKRG
ATGETKVFTGNSNSPKSPTKGGC

Ddd_Bc_P1369T
GSYALGPYQISAPQLPAYNGQTVGTFYYVNDAGGLESKVFSSGGPTPYPNYANAGHVE
GQSALFMRDNGISEGLVFHNNTEGTCGFCVNMTETLLPENAKMTVVPPEGAIPVKRGAT
GETKVFTGNSNSPKSPTKGGC

Ddd_Bc_E1370N
GSYALGPYQISAPQLPAYNGQTVGTFYYVNDAGGLESKVFSSGGPTPYPNYANAGHVE
GQSALFMRDNGISEGLVFHNNPNGTCGFCVNMTETLLPENAKMTVVPPEGAIPVKRGA
TGETKVFTGNSNSPKSPTKGGC

Ddd_Bc_L3
GSYALGPYQISAPQLPAYNGQTVGTFYYVNDAGGLESKVFSSGGPTPYPNYANAGHVE
GQSALFMRDNGISEGLVFHNNPEGTCGFCVNMTETLLPENAKMTVVPPEGAVANNSRAI
DYVKVFTGNSNSPKSPTKGGC



Supplementary Note 3 | Flow cytometric pseudo-color plots showing gating strategy. The cells
were initially gated on population using SSC-A/FSC-A (Gate A), then sorted for single cells using
FSC-W/FSC-H (Gate Single Cell). Double positive live cells were sorted by gating mCherry-
positive and GFP-positive cells (Gate Double Positive). Untreated HEK293T cells were employed
as negative control for generating gate Double Positive.
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