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COMPOSITIONS AND METHODS FOR TREATING LEBER’S
HEREDITARY OPTIC NEUROPATHY

CROSS-REFERENCE
{161} This application claims the benefit of PCT Application No. PCT/CN2018/095023, filed on
Fuly 9, 2018, PCT Application No. PCT/CIN2018/103937, filed on September 4, 2018; Chinese
Application Nos. CN201810703168.7 and CN201810702492.7, both filed on June 29, 2018; PCT
Application No. PCT/CN2018/113799, filed on November 2, 2018; Chinese Application No.
CN201811230856.2, filed on October 22, 2018; PCT Application No. PCT/CN2018/118662, filed
on November 30, 2018; Chinese Application No. CN201811221305 X, filed on October 19, 2018;
PCT Application No. PCT/CN2019/070461, filed on January 4, 2019; Chinese Application No.
CN201810948193 1, filed on August 20, 2018; all of which are incorporated herein by reference in

their entirety.

REFERENCE TO A SEQUENCE LISTING
{88821 The instant application contains a Sequence Listing which has been submitted in ASCH
format via EFS-Web and 1s hereby incorporated by reference in its entirety. Said ASCI copy,

created on June 30, 2019, is named 207298476 1.txt and 1s 304,914 bytes in size.

BACKGROUND OF THE INVENTION
{80831 Leber's hereditary optic neuropathy (LHON) is a mitochondrially inherited (transmitted from
mother to offspring) degeneration of retinal ganglion cells (R(GCs) and their axons that leads to an
acute or subacute loss of central vision; this affects predominantly yvoung adult males. LHON 15 only
transmitted through the mother, as it 1s primarily due to routations in the mitochondrial (not nuclear)
genome, and only the egg contributes mitochondria to the embryo. LHON is usually due to one of
three pathogenic mitochondrial DNA (mtDNA) point mutations. These mutations are at nucleotide
positions 11778 G to A (G11778A), 3460 G to A (G3460A) and 14484 T to C (T14484C),
respectively n the NADH dehydrogenase subunit-4 protein (ND4), NADH dehydrogenase subunit-1
protein (ND 1) and NADH dehydrogenase subunit-6 protein (ND6) subunit genes of complex I of the
oxidative phosphorylation chain in mitochondria. Each mutation is believed to have significant risk
of permanent loss of viston. It typically progresses within several weeks to several months without
pain, until the binocular vision deteriorate to below 0.1, which sericusly affects the quality of life of

the patient. Two LHON mutants, G3460A and T14484C, results in the reduction of the patient’s
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platelets isolated mitochondrial NADH dehydrogenase activity by 80%. Ninety percent of the
Chinese LHON patients carry the G11778A mutation. The G11778A mutation changes an arginine
mto histidine in the ND4 protein, resulting the dysfunction and optic nerve damage in LHON
patients. There 15 a need for developing compositions and methods for treating LHON with higher

transfection efficiency and treatment efficacy.

SUMMARY OF THE INVENTION
{8084} Disclosed here recombinant nucleic acids, pharmaceutical compositions, and methods for
treating LHON. In one aspect, disclosed herein is a recombinant nucleic acid, comprising: a
mitochondrial targeting sequence; a mitochondrial protein coding sequence comprising a sequence
that 1s at least 99% 1dentical to a sequence selected from the group consisting of SEG ID NO: 7, 8,
10, and 12; and a 3’UTR nucleic acid sequence.
{3885} In some cases, the mitochondrial targeting sequence encodes a polypeptide comprising a
pepiide sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a
sequence selected from the group consisting of SEQ ID NO: 129-139. In some cases, the
mitochondrial targeting sequence comprises a sequence that 15 at least 90%, at feast 95%, at least
97%, at least 99%, or 100% identical to a sequence as set forth in SEQ ID NO: 2. In some cases, the
mitochondrnial targeting sequence comprises a sequence that is at least 90%, at feast 95%, at least
97%, at least 99%, or 100% identical to a sequence as set forth in SEQ ID NO: 3. In some cases, the
mitochondral targeting sequence comprises a sequence that 1s at least 90%, at least 95%, at least
97%, at least 99%, or 100% identical to a sequence as set forth in SEQ D NG: 4. In some cases, the
mitochondsial targeting sequence comprises a sequence that is at least 90%, at least 95%, at least
97%, at least 99%, or 100% identical to a sequence as set forth in SEQ D NG: 5.
{8886] In some cases, the mitochondrial protein coding sequence comprises a sequence that is at
least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence as set forth in
SEQ 1D NO: 7 or 8. In some cases, the mitochondrial protein coding sequence comprises a sequence
that is at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence as set
forth in SEQ ID NO: 10. In some cases, the mitochondrial protein coding sequence comprises a
sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a
sequence as set forth in SEQ 1D NO: 12,
{8887} In some cases, the 3"UTR nucleic acid sequence comprises a sequence that is at least 90%, at
least 93%, at least 97%, at least 99%, or 100% identical to a sequence selected from the group

consisting of SEQ 1D NO: 111-125. In some cases, the 3"UTR nucleic acid sequence comprises a
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sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical io a
sequence as set forth in SEQ 1D NGO: 13 or SEQ 1D NO: 14

{8888} In some cases, the recombinant nucleic acid comprises a sequence that is at least 90%, at
least 95%, at least 97%, at least 99%, or 100% identical to a sequence selected from the group
consisting of SEQ D NO: 17-20, 23-24, 27-28, 31-34, 37-38, 41-42, 45-48, 51-52, 55-56, 59-62, 65-
66, 69-70, 73-76, 79-80, and 83-84.

{3809 In another aspect, disclosed herein is a recombinant nucleic acid, comprising: a
mitochondrial targeting sequence comprising a sequence that s at least 90% 1dentical 1o a sequence
selected from the group consisting of SEQ ID NO: 2, 3, 4, and 3; a mitochondrial protein coding
sequence, wherein the mitochondrial protein coding sequence encodes a polypeptide comprising a
mitochondrial protein; and a 3’UTR nucleic acid sequence.

{53818} In some cases, the mitochondrial targeting sequence comprises a sequence that is at least
90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence as set forth in SEQ ID
NO: 2. In some cases, the mitochondrial targeting sequence comprises a sequence that is at least
90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence as set forth in SEQ ID
N{O: 3. In some cases, the mitochondnial targeting sequence comprises a sequence that 1s at least
90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence as set forth in SEQ ID
NO: 4. In some ¢ases, the mitochondnal targeting sequence comprises a sequence that 1s at least
90%, at least 95%, at least 97%, at least 99%, or 100% 1dentical to a sequence as set forth in SEQ ID
NG: 5.

{8411 In some cases, the mitochendrial protein s selected from a group consisting of NADH
dehydrogenase 4 (ND4), NADH dehydrogenase 6 (ND6), NADH dehydrogenase 1 (ND1}, and a
variant thereof. In some cases, the mitochondrial protein comprises NADH dehydrogenase 4 (ND4),
or a variant thereof. In some cases, the mitochondrial protein comprises a peptide sequence that is at
least 90%, at least 93%, at least 97%, at least 99%, or 100% identical to a sequence as set forth in
SEQ ID NG: 160. In some cases, the mitochondrial protein coding sequence comprises a sequence
that 1s at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence as set
forth in SEQ ID NO: 6, 7, or 8. In some cases, the mitochondrial protein comprises NADH
dehydrogenase 6 (ND6), or a variant thereof. In some cases, the mitochondrial protein comprises a
sequence that is at least 90%, at least 953%, at least 97%, at least 99%, or 100% identical to a
sequence as set forth in SEQ 1D NO: 161, In some cases, the mitochondrial protem coding sequence
comprises a sequence that 1s at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical
to a sequence as set forth in SEQ ID NG: 9 or 10. In some cases, the mitochondrial protein
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comprises NADH dehydrogenase 1 {IND1), or a variant thereof. In some cases, the mitochondrial
protein comprises a sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100%
identical to a sequence as set forth in SEQ 1D NO: 162, In some cases, the mitochondrial protein
coding sequence comprises a sequence that is at least 90%, at least 95%, at least 97%, at least 99%,
or 100% identical to a sequence as set forth in SEQ ID NO: 11 or 12,
{8812} In some cases, the 3’UTR nucleic acid sequence is located at 3” of the mitochondrial
targeting sequence. In some cases, the 3"UTR nucleic acid sequence comprises a sequence selected
from the group consisting of hsACO2, hsATPSB, hs AKZ2, hsALDH2, hsCOX10, hsUQCRFS,
hsNDUFVE, hsNDUFV2, hsSOD2, hsCOXoe, hsIRPI, hsMRPS12, hsATPSI2, rmSODZ, and
hsOXA1L. In some cases, the 3'UTR nucleic acid sequence comprises a sequence that 1s at least
90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence selected from the
group consisting of SEQ ID NO: 111-125 In some cases, the 3°UTR nucleic acid sequence
comprises a sequence that 1s at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical
to a sequence as set forth in SEQ ID NO: 13 or SEQ 1D NG: 14
{8413} In some cases, the mitochondrial targeting sequence 1s located at 57 of the 3"UTR nucleic
acid sequence. In some cases, the mitochondrial targeting sequence is located at 37 of the
mitochondral targeting sequence.
{814} In some cases, the recombinant nucleic acid comprises a sequence that is at least 90%;, at
least 95%, at least 97%, at least 99%, or 100% 1dentical to a sequence selected from the group
congisting of SEQ 1D NO: 29-84.
{8415} In another aspect, disclosed herein is a recombinant nucleic acid, comprising: a
mitochondrial targeting sequence; a mitochondrial protein coding sequence comprising a sequence
that 1s at least 90%, at least 95%, at least 97%, at least 99%, or 100% 1dentical to a sequence selected
from the group consisting of SEQ 1D NO: 7, 8, 10, and 12; and a 3°UTR nucleic acid sequence.
{8018} In some cases, the mitochondrial targeting sequence comprises a sequence encodes a
polypeptide selected from the group consisting of hsCOX10, hsCOXE, scRPM?2, 1cSirtS, tbNDUS7,
ncQCRZ, hsATPSG2, hsLACTR, spilvi, gmCOX2, crATP6, hsOPAL, hsSDHD, hsADCKS3,
osP0644B06.24-2, Neurospora crassa ATP9 (ncATP9), hsGHITM, hsNDUFAB1, hsATP5G3,
crATPS  hsADCKS3, ncATPY ncATPO, zmL. 0100282174,
ncATPY9 zmLOCI100282174 spilvl ncATPY, zmL.OC100282174 hsADCK3 crATP6 hsATPSG3,
zmLOC100282174 hs ADCK3 hsATPSG3, ncATPY xml.OC100282174,
hs ADCK3 =mI.OC100282174 crATP6 hsATP5G3,
carATP6 hsADCK3 zmBPOC100282174 hs ATPSG3, hs ADCK3 amLOC100282174,
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ncATPY zmLOC100282174 spilvl 1cSirtS osP0644B06.24-2 hsATPSGZ ncATPY. Insome
cases, the mitochondrial targeting sequence encodes a polypeptide comprising a peptide sequence
that is at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence selected
from the group consisting of SEQ D NQO: 129-159. In some cases, the mitochondrial targeting
sequence comprises a sequence that 1s at least 90%, at least 95%, at feast 97%, at least 99%, or 100%
identical to a sequence as set forth in SEQ ID NO: 2 or 3. In some cases, the mitochondrial targeting
sequence comprises a sequence that 1s at least 90%, at least 95%, at least 97%, at least 99%, or 100%
identical to a sequence as set forth in SEQ ID NO: 4. In some cases, the mitochondrial targeting
sequence comprises a sequence that 1s at least 90%, at least 95%, at least 97%, at least 99%, or 100%
identical to a sequence as set forth in SEQ IDNG: 5.

{3817 In some cases, the mitochondrial protein coding sequence comprises a segquence that s at
least 90%, at least 95%, at least 97%, at least 99%, or 100% 1dentical to a sequence as set forth in
SEQ ID NO: 7 or 8. In some cases, the mitochondnial protein coding sequence comprises a sequence
that 1s at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence as set
forth in SEQ ID NG: 10. In some cases, the mutochondrial protein coding sequence comprises a
sequence that 1s at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to &
sequence as set forth in SEQ ID NO: 12,

{6818} In some cases, the 3"UTR nucleic acid sequence is located at 37 of the mitochondrial
targeting sequence. In some cases, the 3" UTR nucleic acid sequence comprises a sequence selected
from the group consisting of hsACO2, hsATP3B, hs AKZ, hsALDH2, hsCOX190, hsUQCRFST,
hsNDUFVI, hsNDUFVZ, hsSOD2, hsCOX6c, hsiRP1, hsMRPS12, hsATPSI2, raSOD2Z, and
hsOXA1L. In some cases, the 3"UTR nucleic acid sequence comprises a sequence that is at least
90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence selected from the
eroup consisting of SEQ ID NO: 111-125. In some cases, the 3’UTR nucleic acid sequence
comprises a sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical
to a sequence as set forth in SEQ ID NO: 13 or SEQ ID NG: 14,

{8019 In some cases, the nutochondrial targeting sequence 1s located at 57 of the 3’UTR nucleic
acid sequence. In some cases, the mitochondrial targeting sequence 1s located at 3° of the
mitochondrial targeting sequence.

{88238] In some cases, the recombinant nucleic acid comprises a sequence that is at least 90%, at

least 95%, at least 97%, at least 99%, or 100% 1dentical to a sequence selected from the group
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consisting of SEQ 1D NG: 17-20, 23-24, 27-28, 31-34, 37-38, 41-42, 45-4851-52, 55-56, 59-02, 65-
66, 69-70, 73-76, 79-80, and 83-84.

{8821} In another aspect, disclosed herein is a recombinant nucleic acid, comprising a mitochondrial
targeting sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to
a sequence selected from the group consisting of SEQ 1D NO: 2, 3, and 4. In some cases, the
mitochondrial targeting sequence comprises a sequence that is at least 90%, at least 95%, at least
97%, at least 99%, or 100% identical to a sequence as set forth in SEQ 1D NG: 2. In some cases, the
mitochondrnal targeting sequence comprises a sequence that is at least 90%, at least 95%, at least
97%, at least 99%, or 100% identical to a sequence as set forth in SEQ 1D NG: 3. In some cases, the
mitochondrnal targeting sequence comprises a sequence that 1s at least 90%, at least 95%, at least
97%, at least 99%, or 100% identical to a sequence as set forth in SEQ ID NG: 4.

{3822 In some cases, the recombinant nucleic acid further comprises a mitochondrial protein coding
sequence, wherein the mitochondrial protemn coding sequence encodes a polypeptide comprising a
mitochondrial protein. In some cases, the mitochondrial protein is selected from a group consisting
of NADH dehydrogenase 4 (ND4), NADH dehydrogenase 6 (ND6), NADH dehydrogenase 1
(ND1), and a variant thereof. In some cases, the mitochondrial protein comprises NADH
dehydrogenase 4 (NP4}, or a variant thereof. In some cases, the mitochondrial protein comprises a
peptide sequence that 1s at least 90%, at feast 95%, at least 97%, at least 99%, or 100% identical to a
sequence as set forth in SEQ 1 NO: 160. In some cases, the mitochondrial protein coding sequence
comprises a sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical
to a sequence as set forth in SEQ ID NG: 6, 7, or 8. In some cases, the mitochondrial protein
comprises NADH dehydrogenase 6 (ND©6), or a variant thereof. In some cases, the mitochondrial
protein comprises a sequence that 1s at least 90%, at least 95%, at least 97%, at least 99%, or 100%
identical to a sequence as set forth in SEQ ID NO: 161, In some cases, the mitochondrial protein
coding sequence comprises a sequence that is at least 90%, at least 95%, at least 97%, at least 99%,
or 100% identical to a sequence as set forth in SEQ ID NO: 9 or 10. In some cases, the
mitochondrial protein comprises NADH dehydrogenase 1 (ND1), or a variant thereof. In some cases,
the nmutochondrial protein comprises a sequence that 15 at least 90%, at least 95%, at least 97%, at
least 99%, or 100% identical to a sequence as set forth in SEQ 1D NO: 162, In some cases, the
mitochondrial protein coding sequence comprises a sequence that is at least 90%, at least 95%, at
least 97%, at least 99%, or 100% identical to a sequence as set forth in SEQ 1D NO: 11 or 12,

{8823 In some cases, the recombinant nucleic acid further comprises a 3"UTR nucleic acid
sequence. In some cases, the 3’UTR nucleic acid sequence 1s located at 37 of the nutochondrnial
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targeting sequence. In some cases, the 3’ UTR nucleic acid sequence comprises a sequence selected
from the group consisting of hsACO2, hsATPSB, hsAKZ, hs ALDH2, hsCOX10, hsUUQURFS1,
hsNDUFVE, hsWNDUFVZ, hs8S0OD2, hsCOX6¢, hsIRPI, hsMRPS12, hsATPSI2, rnS0D2, and
hsOXA1L. In some cases, the 3"UTR nucleic acid sequence comprises a sequence that is at least
90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence selected from the
group consisting of SEQ 1D NO: 111-125. In some cases, the 3’UTR nucleic acid sequence
comprises a sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical
to a sequence as set forth in SEQ ID NG: 13 or SEQ ID NG: 14, In some cases, the mitochondrial
targeting sequence s located at 57 of the 3’UTR nucleic acid sequence. In some cases, the
mitochondrnal targeting sequence 1s located at 37 of the mitochondrial targeting sequence.

{8824} 1o some cases, the recombinant nucleic acid comprises a sequence that 1s at least 90%, at
least 93%, at least 97%, at least 99%, or 100% identical to a sequence selected from the group
consisting of SEQ ID N 26-70.

{8825] In another aspect, disclosed herem is a recombinant nucleic acid, comprising a mitochondrial
protein coding sequence, wherein the mitochondrial protein coding sequence encodes a polypeptide
comprising a mitochondrial protein, wherein the mitochondrnial protein coding sequence comprises a
sequence that 1s at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to &
sequence selected from the group consisting of SEQ ID NO: 7, 8, 10, and 12

{8826} In some cases, the recombinant nucleic acid further comprises a mitochondrial targeting
sequence. In some cases, the mitochondnal targeting sequence comprises a sequence encodes a
polypeptide selected from the group consisting of hsCOX10, hsCOX8, scRPM2, leSirt5, tbNDUS7,
ncQCR2, hsATPSGZ, hsLACTR, spiivl, gmCOX2, crATP6, hsOPAT, hsSDHD, hs ADCK3,
0sP0644B06.24-2, Neurospora crassa ATPY (ncATP9Y), hsGHITM, hsNDUFAB1, hsATP5G3,
crATP6 hsADCKS3, ncATPY ncATPY, zmbOC100282174,

ncATPY zmbLOCI00282174 spilvl ncATPY, zmLOC100282174 hsADCK3 crATP6 hsATP3G3,
zmLOC100282174_hsADCK3 hsATP5G3, ncATPO zmLOC100282174,

hs ADCK3 zmI.OC100282174 crATP6 _hsATPSGS,

crATP6 hsADCK3 zmBLOC100282174 hsATPSG3, hsADCK3 zmL.OCI100282174,

hsADCK3 zmLOC100282174 crATPS, ncATPY amLOC100282174 spilvl GNFP ncATPY, and
ncATPY9 zmLOCI100282174 spilv]l 1eSit3 osPOG44B06.24-2 hsATP5G2 ncATPY. Insome
cases, the mitochondrial targeting sequence encodes a polypeptide comprising a peptide sequence
that 1s at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence selecied
from the group consisting of SEQ I NG 129-159. In some cases, the mitochondrial targeting
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sequence comprises a sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100%
identical to a sequence as set forth i SEQ 1D NO: 2. In some cases, the mitochondrial targeting
sequence comprises a sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100%
identical to a sequence as set forth in SEQ 1D NQO: 3. In some cases, the mitochondrial targeting
sequence comprises a sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100%
identical to a sequence as set forth in SEQ ID NQO: 4. In some cases, the mitochondrial targeting
sequence comprises a sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100%
identical to a sequence as set forth in SEQ ID NQO: 5.

{88271 In some cases, the mitochondrial protein coding sequence comprises a sequence that s at
least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence as set forth
SEQ ID NG: 7 or 8 In some cases, the mitochondrial protein coding sequence comprises a sequence
that 15 at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence as set
forth in SEQ ID NO: 10. In some cases, the mitochondrnial protein coding sequence comprises a
sequence that 1s at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a
sequence as set forth i SEQ ID NG: 12,

{B82RY In some cases, the recombinant nucleie acid further comprises a3 UTR mucleic acid
sequence. In some cases, the 3"UTR nucleic acid sequence s located at 37 of the mitochondrial
targeting sequence. In some cases, the 3’UTR nucleic acid sequence comprises a sequence selected
from the group consisting of hsACO2, hsATPSB, hsAKZ, hsALDH2, hsC(OX10, hsUUQURFS1,
hsNDUFVT, hsNDUFVZ, hsSOD2, hsCOX6¢, hsIRP1, hsMRPS12, hsATP5J2, rnSOD2, and
hsOXA1L. In some cases, the 3"UTR nucleic acid sequence comprises a sequence that is at least
90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence selected from the
group consisting of SEQ ID NO: 111-125. In some cases, the 3’UTR nucleic acid sequence
comprises a sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical
to a sequence as set forth in SEQ ID NG: 13 or SEGQ ID NG 14, In some cases, the mitochondrial
targeting sequence is located at 5° of the 3"UTR nucleic acid sequence. In some cases, the
mitochondrial targeting sequence is located at 37 of the mitochondrial targeting sequence.

{88291 1o some cases, the recombinant nucleic acid comprises a sequence that 1s at least 90%, at
least 953%, at least 97%, at least 99%, or 100% identical to a sequence selected from the group
consisting of SEQ 1D NO: 17-20, 23-24, 27-28, 31-34, 37-38, 41-42, 45-48, 51-52, 55-56, 59-62, 65-
66, 69-70, 73-76, 79-80, and 83-34.

{8038 In another aspect, disclosed herein is a viral vector comprising the recombinant nucleic acid
disclosed heren. In some cases, the viral vector is an adeno-associated virus (AAV) vector. In some
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cases, the AAVY vector is selected from the group consisting of AAV1, AAVZ, AAV3, AAV4,
AAVS, AAVS, AAVT, AAVS, AAVY, AAVI0, AAVIL AAVI2 AAVI3, AAVI4, AAVIS, and
AAV16 vectors. In some cases, the AAV vector is a recombinant AAV (rAAV) vector. In some
cases, the rAAV vector is rAAVZ vector.

{8831} In another aspect, disclosed herein is a pharmaceutical composition, comprising an adeno-
associated virus {AAV) comprising any recombinant nucleic acid disclosed herein. In some cases,
the pharmaceutical composition further comprises a pharmaceutically acceptable excipient thereof,
Also disclosed is a pharmaceutical composition, comprising the viral vector disclosed herein, and a
pharmaceutically acceptable excipient thereof, wherein the viral vector comprises any recombimant
nucleic acid disclosed herein. Also disclosed is a pharmaceutical composition, comprising: an adeno-
associated virus (AAV) comprising any recombinant nucleic acid disclosed herein, wherein the
recombinant nucleic acid comprises a sequence that is at least 90%, at least 95%, at least 97%, at
least 99%, or 100% identical to a sequence as set forth in SEQ 1D NO: 15; and a pharmaceutically
acceptable excipient.

{8832} In some cases, the pharmaceutically acceptable excipient comprises phosphate-buffered
saline {PBRY), u,0-trehalose dehydrate, L-histidine monohydrochloride monchydrate, polysorbate 20,
NaCl, NaH2PQOs, NaxHPO4, KH2POs, KoHPOy, poloxamer 188, or any combination thereof. In some
cases, the pharmaceutically acceptable excipient 1s selected from phosphate-buffered saline (PBS},
o,u-trehalose dehydrate, L-histidine monshydrochloride monohydrate, polysorbate 20, Na(l,
NaH2PO4, NasHPQO4, KHPO4, KoHPO4, poloxamer 188, and any combination thereof. In some
cases, the pharmaceutically acceptable excipient comprises poloxamer 188. In some cases, the
pharmaceutically acceptable excipient comprises 0.0001%-0.01% poloxamer 188, In some cases, the
pharmaceutically acceptable excipient comprises 0.001% poloxamer 188. In some cases, the
pharmaceutically acceptable excipient further comprises one or more salts. In some cases, the one or
more salts comprises NaCl, NaH>POs, NaxHPO4, and KH:PO4. In some cases, the one or more salts
comprises 80 mM NaCl, 5 mM NaH:PO4, 40 mM Na:HPO4, and 5 mM KHzPO4. In some cases, the
pharmaceutical composition has a pH of 6-8. In some cases, the pharmaceutical composttion has a
pH of 7.2-7 4. In some cases, the pharmaceutical composition has a pH of 7.3, In some cases, the
pharmaceutical composition has a viral titer of at least 1.0 x 10'° vg/mL. In some cases, the
pharmaceutical composition has a viral titer of at feast 5.0 x 10'% vg/mlL.

{8833} In some cases, the pharmaceutical composition 1s subject to five freeze/thaw cycles, the
pharmaceutical composttion retains at least 60%, 70%, 80%, or 90% of a viral titer as compared to
the viral titer prior to the five freeze/thaw cycles. In some cases, the pharmaceutical composition,
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when administered to a patient with Leber’s hereditary optic neuropathy, generates a higher average
recovery of vision than a comparable pharmaceutical composition without the recombinant nucleic
acid. In some cases, the pharmaceutical composition, when administered to a patient with Leber’s
hereditary optic neuropathy, generates a higher average recovery of vision than a comparable
pharmaceutical composition comprising a recombinant nucleic acid as set forth in SEQ ID NO: 15,
{8834} In another aspect, disclosed herein is a method of treating an eye disorder, comprising
administering any pharmaceutical composition disclosed herein to a patient in need thereof In some
cases, the eye disorder is Leber’s hereditary optic neuropathy (LHON). In some cases, the method
comprises administering the pharmaceutical composition to one or both eyes of the patient. In some
cases, the pharmaceutical corposition is administered via intraocular or intravitreal injection. In
some cases, the pharmaceutical composition is administered via intravitreal injection. In some cases,
about 0.01-0.1 mL of the pharmaceutical composition is admirustered via intravitreal imjection. In
some cases, about 0.05 mL of the pharmaceutical composition 1s administered via intravitreal
mjection.

{8835 In some cases, the method further comprises administering methyipredmisolone to the patient.
In some cases, the methylprednisolone 15 administered prior to the intravitreal injection of the
pharmaceutical composition. In some cases, the methylprednisolone is administered orally In some
cases, the methylprednisolone is administered daily for at least 1, 2, 3, 4, 5, 6, or 7 days prior to the
ntravitreal injection of the pharmaceutical composition. In some cases, the methylpreduisolone 1s
administered daily. In some cases, the a daily dosage of about 32 mg/60 kg methyipredmsolone is
administered. In some cases, the methylprednisolone is administered after the intravitreal injection of
the pharmaceutical composition. In some cases, the method further comprises administering creatine
phosphate sodium to the patient. In some cases, the creatine phosphate sodium is administered
mtravenously. In some cases, the methylprednisolone 1s admunistered mtravenously or orally. In
some cases, the method comprises administering methylprednisolone intravenously for at least one
day, which is followed by administering methylprednisolone orally for at least a week. In some
cases, the method comprises adnunistering methylprednisolone intravenously for about 3 days,
which is followed by adminstering methylprednisolone orally for at least about 6 weeks. In some
cases, the methyiprednisolone is administered intravenously at a daily dose of about 80 0g/60 kg. In
some cases, the administering the pharmaceutical composition generates a higher average recovery
of vision than a comparable pharmaceutical composition without the recombinant nucleic acid. In

some cases, the administering the pharmaceutical composition generates a higher average recovery
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of vision than a comparable pharmaceutical composition comprising a recombinant nucleic acid as

set forth in SEQ [D NO: 15,

INCORPORATION BY REFERENCE
{G836] All publications, patents, and patent applications mentioned in this specification are herein
mcorporated by reference to the same extent as if each individual publication, patent, or patent

application was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
{8837] The novel features of the invention are set forth with particularity in the appended claims. A
better understanding of the features and advantages of the present invention will be obtained by
reference to the following detailed description that sets forth illustrative embodiments, in which the
principles of the invention are utilized, and the accompanying drawings of which:
{038} FIG. 1 shows the PCR nucleic acid electrophoresis verification of ND4 (lane A} and
optimized ND4 (lane B) gene cloning resulis.
{88398} FIG. 2 shows the relative expression level comparison using gPCR between the rAAV2-
opt NDM4 {left black column) and rAAV2-ND4 (right black column). B-actin is the internal reference
gene {white column).
{8848 FIG. 3 shows the relative expression level comparison using immunoblotting between the
rAAVZ-opt_ND4 (left black column) and rAAV2-ND4 (right black column). -actin is the internal
reference gene {white column).
{341} FIG. 4 shows the fundus photographic results for rabbits injected with tAAV2-opt ND4
{right) and tAAV2-ND4 (Jeft), respectively.
{88421 FIG. 8 shows the fundus photographic results for a patient before (left) and after {night} the
mjection with rAAV Z-optimized ND4.
{3843] FIG. 6 shows EGFP expression levels of tAAVZ-ND4 (left) and rAAVZ2-opt ND4* (right).
{6644} FIG. 7 shows the ND4 expression in 2937 cells: rAAVZ-ND4 (left) and rAAVZ2-opt ND4*
(right).
{8845} FIG. 8 shows the relative ND4 expression in 2937 cells: rAAV2-ND4 (left) and rAAV2-
opt ND4* (right).
{048} FIG. 9 shows the ND4 expression in rabbit optic nerve cells: rAAVZ-ND4 (left) and rAAV2-
opt ND4* (right).
{8847} FIG. 10 shows the relative ND4 expression in rabbit optic nerve cells: rAAV2-ND4 (left)

and rAAV2-opt ND4* (right).
i1
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{8848} FIG, 11 shows the fundus photographic resulis for rAAV2-ND4 (left) and rAAV2-

opt ND4* (right}.

{8848 FIG. 12 shows the mucroscope inspection (HE staining) results for rAAV2-ND4 (left) and
rAAVZ-opt ND4* (right).

{8838} FIG. 13 shows the fundus photographic results for rabbits injected with rAAV2-NDG (A},
rAAV-GFP (B) and PBS, respectively.

{8031} FIG. 14 shows the fundus photographic results for rabbits injected with TAAV2-opt ND6
(A}, TAAV2-ND6 (B), rAAV-EGFP (), respectively.

{88321 FIG. 15 shows the relative ND6 expression in rabbit optic nerve cells: rAAVZ-opt ND6 (A),
rAAV2-ND6 (B), and rAAV-EGFP (C).

{8833] FIG. 16 shows the relative ND6 expression by western blot: rtAAVZ-opt NDG (A), tAAV2-
ND6 (B), and rtAAV-EGFP (C).

{88341 FIG. 17 shows the relative ND1 expression in rabbit optic nerve cells: rAAVZ-opt ND1 {A),
rAAVZ-NDI (B), and rtAAV-EGFP (C).

{8455] FIG. 18 shows the refative ND1 expression by western blot: rtAAV2-opt ND1 (A), tAAVZ-
ND1 (B}, and rAAV-EGFP (C).

DETAILED DESCRIPTION OF THE INVENTION
Definitions
{8836] Unless defined otherwise, all techmical and scientific terms used herein have the same
meaning as commonly understood by one of the ordinary skill in the art to which this disclosure
belongs. Although any methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the formulations or unit doses herein, some methods and materials
are now described. Unless mentioned otherwise, the techniques employed or contemplated herein
are standard methodologies. The materials, methods and examples are illustrative only and not
linmiting.
{8887 As used herein and in the appended claims, the singular forms “a,” “and,” and “the” include
plural referents unless the context clearly dictates otherwise. Thus, for example, reference to “a
compound” includes a plurality of such agents, and reference to “the salt” includes reference to one
or more salts {or to a plurality of salts) and equivalents thereof known to those skilled in the art, and

so forth.



WO 2020/001657 PCT/CN2019/094136

{8858) As used hereimn, uniess otherwise indicated, the term “or” can be conjunctive or disjunctive.
As used herein, unless otherwise indicated, any embodiment can be combined with any other
embodiment.

{59} As used herein, unless otherwise indicated, some inventive embodiments herein contemplate
numerical ranges. When ranges are present, the ranges include the range endpoints. Additionally,
every subrange and value within the range 1s present as if explicitly written out.

{3868 The term “about” and its grammatical equivalents in relation to a reference numerical value
and its gramuatical equivalents as used herein can include a range of values plus or minus 10% from
that value, such as a range of values plus or minus 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1%
from that value. For example, the amount “about 107 includes amounts from 9to 11,

{8861] The term “comprising” {and related terms such as “comprise” or “comprises” or “having” or
“including”} 1s not intended to exclude that in other certain embodiments, for example, an
embodiment of any composition of matter, composition, method, or process, or the like, described
herein, may “consist of” or “consist essentially of” the described features.

{8462} The term “subject” refers to a mammal that has been or will be the object of treatment,
observation or experiment. The term “mammal” 15 intended to have s standard meaning, and
encompasses humans, dogs, cats, sheep, and cows, for example. The methods described heren can
be useful in both human therapy and veterinary applications. In some embodiments, the subjectis a
human.

{863] The term “treating” or “ireatment” encompasses administration of at least one compound
disclosed herein, or a pharmaceutically acceptable salt thereof, to a mammalian subject, particularly
a human subject, in need of such an administration and includes (1) arresting the development of
clinical symptoms of the disease, such as cancer, (i1} bringing about a regression in the clinical
symptoms of the disease, such as cancer, and/or {i11) prophylactic treatment for preventing the onset
of the disease, such as cancer.

{8864} The term “therapeutically effective amount” of a chemical entity described herein refers to an
amount effective, when administered to a human or non-human subject, to provide a therapeutic
benefit such as amelioration of symptoms, slowing of disease progression, or prevention of disease.
{3068] As used herein, unless otherwise indicated, the terms “nucleic acid” and “polynucleotide”
can be used interchangeably.

Nucleie acid and polypeptide sequences

{8866§ Table 1 discloses ali the nucleic acid and polypeptide sequences disclosed heremn. The first
column shows the SEQ ID NO of each sequence. The second column describes the nucleic acid or
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polypeptide construct. For example, the construct COX10-ND6-3'UTR is a nucleic acid combining
the nucleic acid sequences of COX10 (SEQ ID NO: 1), ND6 (BEQ ID NO: 9), and 3’UTR (SEQ
D NO: 13) (from 5 to 37 without linker between the nucleic acid sequences.

Table 1 - nucleic acid and polypeptide sequences and SEQ 1D NOs

SEQ description sequence

1 COX10 ATGGCCGCATCTCCGCACACTCTCTCCTCACGCCTCCTGACAGGTTGCGTAGGAGGCTCTGTCTGG
ATCTTIGAAAGAAGAACT

2 opt_COX10 ATGGCCGCCTCTCCACACACACTOAGTAGCAGACTGCTGACCGGCTGTETTBGCOGCTCTGTGTGET
ATCTGGAACGGECGGACA

3 opt_COX10* ATGBCCHBCCAGCCCCCACACCCTBAGCAGCCGCCTBCTGACCGGLTBUBTEBGCEGCAGLGTGTG
GTACCTGGAGCGCCGCACC

4 COX8 ATGTCCGTCCTGACGCGCCTGCTGCTOCGGGGCTTGACACGBCTCGGCTCGGLGGCTCCAGTGLGG
CGCGCCAGAATCCATTCGTTG

5 OPA1 GTGCTGCCCGCCTAGAAAGGGTCAAGTCGTTGTTTCCGTGACGGACTGAGTACGGBTGCCTGTCAGG

TCTTGCGGAAGTCCATGCGLCATTGGCGAGGGCOTCGGCCGCGGCTCTGTGCCCTTGCTGCTGAGG
GCCACTTCCTGGGTCATTCCTGGACCGGBAGLCGGGCTGBGECTCACACGGGGGELTCCCGCGTGE
CCGTCTCGGCGCCTOCOTGACCTCCCCGCCGGUGEHBATGTEGCCACTACGTCGGEELOGCTGTGGC

CTG

5] ND4 ATGCTAAAACTAATCGTCCCAACAATTATGTTACTACCACTGACATGGCTTTCCAAAAAACACATGATTT
GGATCAACACAACCACCCACAGCCTAATTATTAGCATCATCCCTCTACTATTTTTTAACCAAATCAACAA
CAACCTATTTAGCTGTTCCCCAACCTTTTCCTCCGACCCCCTAACAACCCCCOTCCTAATGCTAACTAC
CTGGCTCCTACCCCTCACAATCATEGLAAGCCAACGCCACTTATCCAGTGAACCACTATCACGAAAAA
AACTCTACCTCTCTATGUTAATCTCCCTACAAATCTCCTTAATTATGACATTCACAGCCACAGAACTAAT
CATGTTTTATATCTTCTTCOAAACCACACTTATCCCCACCTTGGCTATCATCACCCGATGGGGCAATCA
GCCAGAACGCCTGAACGCAGBCACATACTTICCTATICTACACCCTAGTAGGCTCCCTTCCCCTACTCA
TCGCACTAATTTACACTCACAACACCCTAGGCTCACTAAACATTCTACTACTCACTCTCACTGCCCAAG
AACTATCAAACTCCTGGGRCCAACAACTTAATGTAGCTAGCTTACACAATGGCTTTTATGGTAAAGATGC
CTCTTTACGGACTCCACTTATGGCTCCCTAAAGCCCATEGTCGAAGCCCCCATCGLCTGGGTCAATGGTA
CTTGCCGCAGTACTCTTAAAACTAGGLGOBCTATGGETATGATGCGCCTCACACTCATTCTCAACCCCCT
GACAAAACACATGGCCTACCCCTTCCTTGTACTATCCCTATGGGGCATGATTATGACAAGCTCCATCTG
CCTACGACAAACAGACCTAAAATCGCTCATTGCATACTCTTCAATCAGCCACATGGCCCTCGTAGTAAT
AGCCATTCTCATCCAAACCCCCTGGAGCTTCACCGGCGCAGTCATTCTCATGATCGCCCACGGGCTTA
CATCCTCATTACTATTCTGCCTAGCAAACTCAAACTACGAACGCACTCACAGTCGCATCATGATCCTCT
CTCAAGGACTTCAAACTCTACTCCCACTAATGGECTTTTTOGTGOCTTCTAGCAAGCCTCGCTAACCTCG
CCTTACCCCCCACTATTAACCTACTGGGAGAACTCTCTGTGCTAGTAACCACGTTICTCCTGGTCAAATA
TCACTCTCCTACTTACAGGACTCAACATGCTAGTCACAGCCCTATACTCCCTCTACATGTTTACCATAA
CACAATGGGGCTCACTCACCCACCACATTAACAACATGAAACCCTCATTCACACGAGAAAACACCCTC
ATGTTCATGCACCTATCCCCCATTCTCCTCCTATCCCTCAACCCCGACATCATTACCGGGTTTTCCTCT
TAA

7 opt_ND4 ATGCTGAAGCTGATCGTGCCCACCATCATGCTGCTGCCTCTGACCTGGUTGAGCAAGAAACACATGAT
CTGGATCAACACCACCACGCACAGCCTGATCATCAGCATCATCCCTCTGCTEGTTCTTCAACCAGATC
ACAACAACCTGTTCAGCTGCAGCCCCACCTTCAGCAGCGACCCTCTGACAACACCTCTGCTGATGCTG
ACCACCTGGCTGCTGCCCOCTCACAATCATGGCCTCTCAGAGACACCTSAGCAGCGAGCCCCTGAGCC
GGAAGAAACTGTACCTGAGCATGCTGATCTCCCTGCAGATCTCTCTGATCATGACCTTCACCGCCACC
GAGCTGATCATGTTCTACATCTTTTTCGAGACAACGCTGATCCCCACACTGGCCATCATCACCAGATG
GGGCAACCAGCCTOAGAGACTGAACGCCGGCACCTACTTTCTGTTCTACACCCTCGTGGGBCAGCCTS
CCACTGCTGATTGCCCTGATCTACACCCACAACACCCTGEGGCTCCCTGAACATCCTGCTGCTGACACT
GACAGCCCAAGAGCTGAGCAACAGCTGGGCCAACAATCTGATETGGCTGGCCTACACAATGGCCTTC
ATGGTCAAGATGCCCCTGTACGGCCTGCACCTGTGGCTGCCTAAAGCTCATGTGGAAGCCCCTATCG
CCGGCTCTATGETGCTGGCTGCAGTOLTGCTGAAACTCGELGGCTACGGCATGATGCBGCTGACCCT
GATTCTGAATCCCCTGACCAAGCACATGGCCTATCCATTTCTGGTGCTGAGCCTGTGGGGCATGATTA
TGACCAGCAGCATCTGCCTGUGBCAGACCGATCTGAAGTCCCTGATCOBCCTACAGCTCCATCAGCCA
CATGGCCCTGGTGGTCACCGCCATCCTGATTCAGACCCCTTGGAGCTTTACAGGCGCCGTGATCCTG
ATGATTGCCCACGGCUTGACAAGCAGCCTGCTGTTTTGTCTGGCCAACAGCAACTACGAGCGGACCC
ACAGCAGAATCATGATCCTGTCTCAGGGCCTGCAGACCCTCCTGCCTCTTATGGCTITITGGTGGCTS
CTGGCCTCTCTGGCCAATCTEGECACTGCCTCCTACCATCAATCTGCTGGGCGAGCTBAGCBTGCTGG
TCACCACATTCAGCTGGTCCAATATCACCCTGCTGCTCACCGGCOTGAACATGCTGGTTACAGCCCTG
TACTCCCTGTACATGTTCACCACCACACAGTGGGEAAGCUTGACACACCACATCAACAATATGAAGCC
CAGCTTCACCCGCGAGAACACCCTGATGTTCATGCATCTGAGCCCCATTCTGCTGCTGTCCCTGAATC
CTGATATCATCACCGGCTTCTCCAGCTGA

14



WO 2020/001657

opt_ND4*

PCT/CN2019/094136

ATGCTGAAGCTGATCGTGCCCACCATCATEGCTGCTBCCCOCTCGACCTGGOTCAGCAAGAAGCACATGEA
TCTGGATCAACACCACCACCCACAGCCTGATCATCAGCATCATCCCCCTGCTGTTCTTCAACCAGATC
AACAACAACCTGTTCAGCTGCAGCCCCACCTTCAGCAGCGACCCCCTCGACCACCCCCCTGCTGATGC
TOACCACCTGGLTGCTGCCCCTGACCATCATGGCCAGCCAGCGUCACCTGAGCAGCGAGCCCCTGA
GCCGCAAGAAGCTGTACCTGAGCATGCTGATCAGCCTGCAGATCAGCCTGATCATGACCTTCACCGC
CACCGAGCTGATCATGTTCTACATCTTCTTCGAGACCACCCTGATCCCCACCCTGGCCATCATCACCC
GCTGGGGCAACCAGCCCGAGCGCCTGAACGCCGGCACCTACTTCCTGTTCTACACCCTGGTGGGCA
GCCTGCCCCTEGCTGATCGCCCTBATCTACACCCACAACACCCTGGGCAGLCTGAACATCCTGCTGET
GACCCTGACCOUCCAGGAGCTGAGCAACAGCTGGGUCAACAACCTGATGTGGCTGGECCTACACCAT
GGCCTTCATGOTGAAGATGCCCCTGTACGBCCTGCACCTGTGGCTBLCCAAGGCCCALGTGGAGGT
COCCCATCGCLCGGCAGCATGETGCTGGCCGCCGTGCTGCTGAAGCTGGGCGEGLTACGGCATGATGCG
CCTGACCCTGATCCTGAACCCLCTGACCAAGCACATGGCCTACCCCTTCCTGGTGCTGAGCCTGTGE
GGCATCATCATGACCAGCAGCATCTGCCTGCGCCAGACCGACCTGAAGAGCCTGATCGCCTACAGCA
GCATCAGCCACATGEGLCCTGGTEETEGACCGCCATCCTGATCCAGACCCCCTEBAGCTTCACCGGCG
CCGTGATCCTGATGATCGCCCACGGCLTGACCAGCAGCCTGCTGTTCTGCCTGGUCAACAGTCAACTA
CGAGCGCACCCACAGCCGCATCATGATCCTGAGCCAGGGCCTGCAGACCCTGCTGCCCCTGATGEO
CTTCTGGTGGCTGCTGGCCAGCCTGGCCAACCTGGCCCTGCCCCCCACCATCAACCTGCTGGGIGA
GCTGAGCGTGCTGGTGACCACCTTCAGCTGGAGCAACATCACCCTGUTGCTGACCGGCCTGAACATG
TGGTGACCGCCCTGTACAGCCTGTACATGTTCACCACCACCCAGTGGGGCAGCCTGACCCACCACA
TCAACAACATGAAGCCCAGCTTCACCCOCGAGAACACCCTBATGTTCATGCACCTGAGCCCCATCCTS
CIGCTGAGCCTGAACCCCGACATCATCACCGGCTTCAGCAGCTAA

NDg

ATCGATGTATGCTTTGTTTCTGTTGAGTGTGGETTTAGTAATGGEGETTTGTGGGGTTTICTTCTAAGCCT
TCTCCTATTTATGGGGGTTTAGTATTGATTGTTAGCGGTGTGETCGGEGTGTGTTATTATTCTGAATTTTG
CGGGAGGTTATATGGGTTTAATGGTTTTTTITAATTTATTTAGGGGGAATGATGGTTCTCTTTGGATATAC
TACAGCGATGGCTATTCAGGAGSTATCCTCAGGCATGGGGEGETCAGGGGTTGAGEGTCTTGGTGAGTGTT
TTAGTOGGGTTAGCCGATEGAGGTAGGATTGGTGCTCTGGGTGAAAGAGTATGATGGEGETGETGGTTG
TGGTAAACTTTAATAGTGTAGGAAGCTGGATCGATTTATGAAGGAGAGGGGTCAGGGTTGATTCGGGAG
GATCCTATTGGTGCGGEEOGCTTTIGTATGATTATGGGCBTTGCTTAGTAGTAGTTACTGGTTGCGACATT
GTTTGTTGETGTATATATTIGTAATTIGAGATTIGCTCGGGGGAATTAG

opt_NDS

ATGATGTACGCCCTETTCCTGCTGAGCGTGGGLCTGGTGATGGELTTCEGTGGGCTTCAGCAGCAAGC
CCAGCCCCATCTACGGCGGCCTEGTGCTGATCGTGAGCEGLGTEGGTGEGCTGCGTGATCATCCTGA
ACTTCGGCGGCEGCTACATGGGLLTGATGGTGTTCCTGATCTACCTGGGCGGCATGATGGTGGTGTT
CGGCTACACCACCGCCATGGCCATCCAGGAGTACCCCGAGGCCTEGGGCAGCGGCGTGGAGGTGC
TOGTGAGCGTGCTGETGEECCTGGCCATEEAGETGEGELCTGGTRCTGTGGGTGAAGEAGTACGACG
GCGTGETGGTGGTGETGAACTTCAACAGCGTGGGCAGCTGGATGATCTACGAGGGCGAGGGCAGCG
GCCTGATCCGCGAGGACCCCATCGGCGCCGGCBCCCTETACGACTACGGCCGCTGGCTGETGGTG
GTGACCGGCTGGACCCTETICGTGGEUGTGTACATCGTGATCGAGATC GO CCGCGETAACTAA

-

ND1

ATGGCCAACCTCCTACTCCTCATTGTACCCATTCTAATCGCAATGGCATTCCTAATGUTTACCGAACGA
ALAATTCTAGGCTATATGCAACTACGCAAAGGCLCCAACGTTGTAGGCCCCTACGGGUTACTACAACC
CTTCGCTGACGCCATAAAACTCTTCACCAAAGAGCCCCTAAAACCCGCCACATCTACCATCACCCTCT
ACATCACCGCCCCGACCTTAGCTCTCACCATCGCTCTTCTACTATGGACCCCCCTCCCCATGCCCAAC
CCCCTGGTCAACCTCAACCTAGGCCTCCTATTTATTCTAGCCACCTCTAGCCTAGCCGTTTACTCAATC
CTCTGGTCAGGGTGGGCATCAAACTCAAACTACGCCCTGATCGGBUCGCACTGCGAGTCAGTAGCCCAAA
CAATCTCATATGAAGTCACCCTAGCCATCATTCTACTATCAACATTACTAATGAGTGGCTCCTTTAACCT
TCCACCCTTATCACAACACAAGAACACCTCTGGTTACTCCTGCCATCATGGCCCTTGGCCATGATGET
GGTTTATCTCCACACTAGCAGAGACCAACCGAACCCCCTTCGACCTTGCCGAAGGRGAGTCCGAACT
AGTCTCAGGCTTCAACATCGAATACGCCGCAGGCCCCTTCGCCCTATTCTTCATGGCCGAATACACAA
ACATTATTATGATGAACACCCTCACCACTACAATCTTCCTAGGAACAACATATGACGCACTCTCCCCTG
AACTCTACACAACATATTTIGTCACCAAGACCCTACTTCTAACCTCCCTGTTCTTATGGATTCGAACAGT
ATACCCCCBATTCCGCTACGACCAACTCATGCACCTCCTATCGAAAAACTTCCTACCACTCACCCTAG
CATTACTTATGTGGTATGTCTCCATEGCCOCATTACAATCTCCAGCATTCCCCCTCAAACCTAA

opt _ND1

ATGGCCAACCTGCTGCTGCTGATCGTGCCCATCCTGATCGCCATGGCCTTCCTGATGCTGACCGAGT
GCAAGATCCTGGGCTACATGCAGCTGCGCAAGGGCCCCAACGTGGTGGGCCCCTACGGCCTECTGE
AGCCCTTCGCCGACGCCATCAAGCTGTTCACCAAGGAGCCCCTGAAGCCCGCCACCAGCACCATCAC
CCTGTACATCACCGCCCCCACCCTGGCCCTGACCATCGCCCTGCTGCTGTGGACCCCCCTGCCCATG
CCCAACCCCCTEGETGAACCTGAACCTEGGCCTGCTGTTCATCCTGGCCACCAGCAGCCTGECOGTGT
ACAGCATCCTGTGGAGCGGCTGGGCCAGCAACAGCAACTACGCCCTGATCGGCGCCCTGLGCGCCG
TGGCCCAGACCATCAGCTACGAGGTGACCCTGGCCATCATCCTGCTSAGCACCCTGLTGATGAGCGE
CAGCTTCAACCTGAGCACCCTGATCACCACCCAGGAGCACCTGTGGCTGCTGCTGCCLAGCTGGECC
CTGGCCATGATGTGGTTCATCAGCACCCTGGULCAGACCAACCGCACCCCCTTCGACCTGRLCCGAGS
GCGAGAGCGAGCTGGTGAGCGGCTTCAACATCGAGTACGCCGCCGGCCCCTTICGCCCTGTTCTTCAT
GGCCGAGTACACCAACATCATCATGATGAACACCCTGACCACCACCATCTICCTOGGCACCACCTACG
ACGCCCTGAGCCCCGAGCTGTACACCACCTACTTCGTGACCAAGACCCTGLTGCTGACCAGCCTGTT
CCTGTGGATCCGCACCGCOTACCCCCGUTTCCGCTACGACCAGCTGATOBCACCTGCTGTCGGAAGBAAL
TTCCTGCCCCTGACCCTGGCCCTGCTGATGTGGTACGTGAGCATGCCCATCACCATCAGCAGCATCC
CCCCCCAGACCTAA
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GAGCACTGGGACGCCCACCGCCCOTTTCCCTCCGCTECCAGGUBAGCATETTGTGETAATTCTGGAA
CACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTGAC
AGTTTTTTITTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAAT
ACAAMAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCT
GTTTCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTITGGTTCCATCCTTACCACCACAC
CACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGETGGLCAGAAAGTGTGAGCCTCATGATCT
GCTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCCGGAGCACCCCCTTCCTTGTGACTGAS
CCAGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAAT
AGCTAGGACCCGBCTGCTSTGCACTGGOACTGEGGATTCCACATGTITGCCTTGGGAGTCTCAAGET
GGACTGUCAGCCCCTGTCCTCCCTTCACCCCCATTGCGTATGAGCATTTCAGAACTCCAAGGAGTCAC
AGGCATCTTTATAGTTCACGTTAACATATAGACACTGTTGGAAGCAGTTCCTTCTAAAAGGGTAGCCCT
GGACTTAATACCAGCCGGATACCTCTGGCCCCCACCCCATTACTGTACCTCTGGAGTCACTACTGTGE
GTCGCCACTCCTCTGCTACACAGCACGGCTTTTTCAAGGCTGTATTCAGAAGGGAAGTTAGGAAGAAG
GOTETGCTGGGCTAACCAGCCCACAGAGCTCACATTCCTETCCCTTGGGTGAAAAATACATGTCCATC
CTGATATCTCCTGAATTCAGAAATTAGCCTCCACATGTGCAATGGCTTTAAGAGCCAGAAGCAGGGETT
TOGGAATTTTGCAAGTTACCTGTGGCCAGGTEGTCGTCTCCGTTACCAAATACGGTTACCTGCAGCTT
T GTCCTTTGTGCTCCCACGGBTCTACAGAGTCCCATCTGCCCAAAGGTCTTGAAGCTTGACAGGA
TGTTTTCGATTACTCAGTCTCCCAGOGCACTACTGGTCCETAGGATTCGATTGGTCGGGGTAGGAGAG
TTAAACAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGG TAGATAACATCCAATCAC
TGTTTGCACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGGTATTTACTCTCGGAGAACATTGCATAG
GAATGTCTGGAAAAAGCTTCTACAACTTGTTACAGCCTTCACATTTGTAGAAGCTTT

SUTR

GAGCACTGGGACGCCCACCECCCCTTTCCCTCCGCTGLCAGEUGAGCATGTTGTGETAATTCTGGAA
CACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTGAC
AGTTTTTTITTTTTTTAAATATTACCCAAAATGCTCCOCCAAATAAGAAATGCATCAGCTCAGTCAGTGAAT
ACAAAAAAGGAA TTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCT
GTTTCTTCCTCCTCACATEGGGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACAC
CACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTGTGAGCCTCATGATCT
GCTOTCTGTAGTTCTETGAGCTCAGGTCCCTCAAAGGBCCTCCGAGCACCCCCTTCCTTGTBACTGAG
CCAGGGCCTGCATTTITGGTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAAT
AGCTAGCGACCCOGCTGCTGTGCACTGBCACTGGGBATTICCACATGTTTGUCTTGBGAGTCTCAAGCT
GGACTGOCA

COX10-ND4-
FUTR

ATGGCCGBCATCTCCGLACACTCTCTCCTCACGCCTCCTGACAGGTTGCGTAGBAGGBCTCTGTCTGET
ATCTTGAAAGAAGAACTATGCTAAAACTAATCGTCCCAACAATTATGTTACTACCACTGACATGGCTTTC
CAAAALACACATGATTTGCATCAACACAACCACCCACAGCCTAATTATTAGCATCATCCCTCTACTATTT
TTTAACCAAATCAACAACAACCTATTTAGCTGTYCCCCAACCTTTTCCTCCGACCCCCTAACAACCCCT
CTCCTAATGCTAACTACCTGGCTCCTACCCCTCACAATCATGGCAAGCCAACGCCACTTATCCAGTGA
ACCACTATCACGAAAAAAACTCTACCTCTCTATGCTAATCTCCCTACAAATCTCCTTAATTATGACATTC
ACAGCCACAGAACTAATCATGTTTTATATCTTCTTCGAAACCACACTTATCCCCACCTTGGBCTATCATCA
CCCOATGGGGCAACCAGCCAGAACGCCTGAACGCAGGCACATACTTCCTATTCTACACCCTAGTAGG
CTCCCTTCCCCTACTCATCGCACTAATTTACACTCACAACACCCTAGGCTCACTAAACATTCTACTACT
CACTCTCACTGCCCAAGAACTATCAAACTCCTGGGCCAACAACTTAATGTGGCTAGCTTACACAATGG
CTTTTATOGTAAAGATGCCTCTTTACGGACTCCACTTATGGCTCCCTAAAGCCCATETCGAAGCCCCCA
TCGCTGGGTCAATGGTACTTGCCGCAGTACTCTTAAAACTAGGCGGCTATGGTATGATGCGCCTCACA
CTCATTCTCAACCCCCTGACAAAACACATGGCCTACCCCTTICCTTGTACTATCCCTATGGGGCATGATT
ATGACAAGCTCCATCTGCCTACGACAAACAGACCTAAAATCGCTCATTGCATACTCTTCAATCAGCCAC
ATCGGCCCTCGTAGTAACAGCCATTCTCATCCAAACCCCCTGGAGCTTCACCGGUGCAGTCATTICTCAT
GATCGCCCACGGGCTTACATCCTCATTACTATTCTGCCTAGCAAACTCAAACTACGAACGCACTCACA
GTCGCATCATGATCCTCTCTCAAGGBACTTCAAACTCTACTCCCACTAATGGCTTTTTGGTGGCTTCTAG
CAAGCCTCGCTAACCTCGCCTTACCCCCCACTATTAACCTACTGGGAGAACTCTCTGTGCTAGTAACC
ACGTTCTCCTGGTCAAATATCACTCTCCTACTTACAGGACTCAACATGCTAGTCACAGCCCTATACTCC
CTCTACATGTTTACCACAACACAATGGGGCTCACTCACCCACCACATTAACAACATGAAACCCTCATTC
ACACGAGAAAACACCCTCATGTTCATGCACCTATCCCCCATTCTCCTCCTATCCCTCAACCCCGACATC
ATTACCGGGTTTTCCTCTTAAGAGCACTGGGACGCCCACCGCCCCTTTCCCTCCGCTGCCAGGCGAG
CATGTTGTGGTAATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTC
GGTGCTCAGTGATCACTTOACAGTTTTTTTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAA
TGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTC
CTCCAACCCCACCCTCTATTCTGTTTCTTCCTCCTCACATEGGGGTACACATACACAGCTTCCTCTTTT
GGTTCCATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCCA
CAAAGTETGAGCCTCATGATCTGCTGTCTGTAGTTCTETCGAGCTCAGGTCCCTCAAAGBCCTCGGAGC
ACCCCCTTCCTTGTGACTGAGCCAGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCAT
AGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGCTGTGCACTGGGACTGBGGATTICCACATGTT
TGCCTTGGGAGTCTCAAGCTGGACTGCCAGCCCCTGTCCTCCCTTCACCCCCATTGCGTATGAGCATT
TCAGAACTCCAAGGAGTCACAGGCATCTTTATAGTTCACGTTAACATATAGACACTGTTGGAAGCAGTT
CCTTCTAAAAGGGTAGCCCTGGACTTAATACCAGCCGGATACCTCTGGCCCCCACCCCATTACTGTAC

TCTGGAGTCACTACTGTGGGTCOBCCACTCCTCTCCTACACAGCACGGCTTTTTCAAGGCTGTATTGA
GAAGGGAAGTTAGGAAGAAGGGTGTGCTGGGCTAACCAGCCCACAGAGCTCACATTCCTGTCCCTTG
GGTGAAAAATACATGTCCATCCTCGATATCTCCTGAATTCAGAAATTAGCCTCCACATGTGCAATGGETT
TAAGAGCCAGAAGCAGGGTICTGEOAATTTTGCAAGTTACCTGTGGCCAGGTGTGGTCTCGGBTTACCA
AATACGGTTACCTGCAGCTTTITAGTCCTTTGTGUTCCCACGGGTCTACAGAGTCCCATCTGCCCAAA
GGTCTTGAAGCTTGACAGGATGTTTTCGATTACTCAGTCTCCCAGGGCACTACTGGTCCGTAGGATTC
GATTGGTCGGGGTAGGAGAGTTAAACAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGT
AGGTAGATAACATCCAATCACTGTTTGCACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGGTATTT
ACTGTGGAGAACATTGCATAGGAATGTCTEGGAAAAAGCTTCTACAACTTGTTACAGCCTTCACATTTGT
AGAAGCTTT

16




WO 2020/001657

COX10-ND4-
JUTR

PCT/CN2019/094136

ATGGCCGCATCTCCGCACACTCTCTCCTCACGCUTCCTGACAGGTTGCGTAGBAGGCTCTETCTEET
ATCTTGAAAGAAGAACTATGCTAAAACTAATCGTCCCAACAATTATGTTACTACCACTGACATGGCTTTC
CAAAAAACACATGATTTGGATCAACACAACCACCCACAGCCTAATTATTAGCATCATCCCTCTACTATTT
TTTAACCAAATCAACAACAACCTATTTAGCTGTTCCCCAACCTTTTCCTCCGACCCCOCTAACAACCCCT
CTCCTAATGCTAACTACCTGGLCTCCTACCCCTCACAATCATGGCAAGCCAACGCCACTTATCCAGTGA
ACCACTATCACGAAAAAAACTCTACCTCTCTATGCTAATCTCCCTACAAATCTCCTTAATTATGACATTC
ACAGCCACAGAACTAATCATGTTTTATATCTTCTTCGAAACCACACTTATCCCCACCTTGGCTATCATCA
CCCBATGGGGCAACCAGCCAGAACGLCTGAACGCAGGCACATACTTCCTATTCTACACCCTAGTAGG
CYCCCTTCCCOUTACTCATCGCACTAATTTACACTCACAACACCCTAGGUTCACTAAACATTCTACTACT
CACTCTCACTOCCCAAGAACTATCAAACTCCTGGGCCAACAACTTAATGTGGCTAGCTTACACAATEG
CTTTTATGGTAAAGATGCCTCTTTACGGACTCCACTTATGGLTCCCTAAAGCCCATGTCGAAGCCCCCA
TCGCTGGGTCAATGGTACTTGCCGCAGTACTCTTAAAACTAGGCGBCTATGGTATGATGCGCCTCACA
CTCATTCTCAACCCCCTGACAAAACACATGGCCTACCCCTTCCTTGTACTATCCCTATGGGGCATGATT
ATGACAAGCTCCATCTGCCTACGACAAACAGACCTAAAATCGCTCATTGCATACTCTTCAATCAGCCAC
ATGGCCCTCGTAGTAACAGCCATTCTCATCCAAACCCCCTGGAGCTTCACCGGCGCAGTCATTCTCAT
GATCOCCCACGGGCTTACATCCTCATTACTATTCTGCCTAGCAAACTCAAACTACGAACGCACTCACA
GTCGCATCATGATCCTCTCTCAAGGACTTCAAACTCTACTCCCACTAATGGCTTTTTGGTGGCTTCTAG
CAAGCCTCGCTAACCTCGCCTTACCCCCCACTATTAACCTACTGGGAGAACTCTCTGTGCTAGTAACT
ACGTTCTCCTGGTCAAATATCACTCTCCTACTTACAGGACTCAACATGCTAGTCACAGCCCTATACTCC

TCTACATGTTTACCACAACACAATGGGGCTCACTCACCCACCACATTAACAACATGAAACCCTCATTC
ACACGAGAAAACACCCTCATGTTCATGCACCTATCCCCCATTCTCCTCCTATCCCTCAACCCCGACATC
ATTACCGOGTTTICCTCTTAAGAGCACTGGGACGBCCCACCGCCCCTTTCCCTCCGCTGUCABGUGAL
CATGTTGTGOTAATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTC
GGTGCTCAGTGATCACTTGACAGTTTTTITITTTTTITTAAATATTACCCAAAATGCTCCCCAAATAAGAAA
TGCATCAGCTCAGTCAGTGAATACAAAALAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTC

TCCAACCCCACCCTCTATTICTGTTTCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTT
GGTTCCATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCCA
GAAAGTGTGAGCCTCATGATCTGCTGTCTGTAGTTCTGTGAGCTCAGGETCCCTCAAAGGCLTCGGBAGC
ACCCCCTTCCTTGTGACTGAGCCAGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCAT
AGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGCTGTGCACTGGGACTGGGGATTCCACATETT
TGCCTTGGGAGTCTCAAGCTGGACTGCCA

COX40-
opt_ND4-
IUTR

ATGGCCGCATCTCOGCACACTCTCTCCTCACGCCTCCTGACAGGTTEGUGTAGGAGGCTLTGTCTGGT
ATCTTGAAAGAAGAACTATGCTGAAGCTGATCGTGCCCACCATCATGCTGCTGCCTCTGACCTGGCTS
AGCAAGAAACACATGATCTGGATCAACACCACCACGCACAGCCTGATCATCAGCATCATCCCTCTGCT
GTTCTTCAACCAGATCAACAACAACCTGTTCAGCTGCAGCCCCACCTTCAGCAGCGACCOTCTGACAA
CACCTCTGCTGATGCTGACCACCTGGCTGCTGCCCCTCACAATCATGGCCTCTCAGAGACACTTGAG
CAGCGAGCCCCTGAGCCGGAAGAAACTGTACCTGAGCATGLCTGATCTCCCTGCAGATCTCTCTGATL
ATGACCTTCACCGCCACCGAGCTCGATCATGTTCTACATCTTTTTCGAGACAACGCTGATCCCCACATT
GGCCATCATCACCAGATGGGGCAACCAGCLTGAGAGACTGAACGCCGGCACCTACTTICTGTTCTAC
ACCCTCGTGGGCAGCCTGCCACTGCTCGATTGCCCTGATCTACACCCACAACACCCTGGGCTCCCTGA
ACATCCTGCTGCTGACACTGACAGCCCAAGAGCTGAGCAACAGCTGGGCCAACAATCTGATBTGGCT
GGLCTACACAATGGCCTTCATGGTCAAGATGCCCCTGTACGGCCTGCACCTGTGGCTGCCTAAAGCT
CATGTGGAAGCCCCTATCGLCGGCTCTATGGTGCTGGCTGCAGTGCTGCTGAAACTCGGCGGCTACG
GCATGATGCGGCTGACCCTGATTCTGAATCCCCTGACCAAGTCACATGGCCTATCCATTICTOGTGCTG
AGCCTCTGGGGECATGATTATEGACCAGCAGCATCTEGLCTGCGGCAGACCEATCTGAAGTCCCTGATCG
CCTACAGCTCCATCAGCCACATGGLCCTGGTGGTCACCGCCATCCTGATTCAGACCCCTTGGAGCTTT
ACAGGCGCCGTGATCCTGATGATTGCCCACGGCCTCACAAGCAGCCTGCTOTTTTGTCTGGCCAACA
GCAACTACGAGCGGACCCACAGCAGAATCATGATCCTGTCTCAGGGCCTGCAGACCCTCCTGCCTCT
TATGGCTTTTTGGTEGCTGCTGGCCTCTCTGGCCAATCTGGCACTGCCTCCTACCATCAATCTGCTGG
GCGAGCTGAGCGTGCTGGTCACCACATTCAGCTGGTCCAATATCACCCTGCTGCTCACCGGCCTGAA
CATGCTGGTTACAGCCCTGTACTCCCTETACATGTTCACCACCACACAGTGGGEGAAGCCTGACACACT
ACATCAACAATATGAAGCCCAGCTTCACCCGLGAGAACACCCTGATGTTCATGCATCTGAGCCCCATT
CTGCTGCTETCCCTGAATCCTGATATCATCACCGGUTTCTCCAGCTGAGAGCACTGGGACGCCCALT
GCCCCTTTCCCTCOCGUTGCCAGGCGAGCATGTTGTGGTAATTCTGGAACACAAGAAGAGAAATTGLTG
GGTTTAGAACAAGATTATAAACGAATTCGEGTGCTCAGTGATCACTTGACAGTTTTTTTTTTTTTTAAATAT
TACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTTT
CCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTTTCTTCCTCCTCACATGG
GGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACCACACGCACACTCCACATG
CCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTGTGAGCCTCATGATCTGCTGTCTGTAGTTCTGTGA
GCTCAGGTCCCTCAAAGGBCCTCGGAGCACCCCCTTCCTTGTGACTGAGCCAGGGCCTGCATTTTTGS
TTTTCOCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGCTG
TGCACTGGGACTGGGGATTCCACATGTTTGLCCTTGGGAGTCTCAAGCTGGACTGCCAGCCCCTGTCC
TCCCTTCACCCCCATTGCGTATGAGCATTTCAGAACTCCAAGGAGTCACAGGCATCTTITATAGTTCACG
TTAACATATAGACACTGTTGGAAGCAGTTCCTTCTAAAAGGGTAGCCCTGRACTTAATACCAGCCGGAT
ACCTCTGGCCCCCACCCCATTACTGTACCTCTGGAGTCACTACTGTGGGTCGCCACTCCTCTGCTACA
CAGCACGGCTTTTTCAAGGCTGTATTGAGAAGGGAAGTTAGGAAGAAGGETGTGCTGGGCTAACCAG
CCCACAGAGCTCACATTCCTGTCCCTTGGGTGAAAAATACATGTCCATCCTCGATATCTCCTGAATTCAG
AAATTAGCCTCCACATGTGCAATGGOCTTTAAGAGCCAGAAGCAGGGTTCTGGGAATTTTGCAAGTTAC
CTGTGGCCAGGTCTGGTCTCGGTTACCAAATACGGTTACCTGCAGCTTTTTAGTCCTTTGTGCTCCCA
COCGGTCTACAGAGTCCCATCTGCCCAAAGGTCTTCAAGCTTGACAGGATGTTTTCGATTACTCAGTCT
CCCAGGGCACTACTGGETCCGTAGGATTCGATTGGTUGRGGETAGCAGAGTTAAACAACATTTAAACAGA
GTTCTCTCAAAAATGTCTAAAGGGA TAGGTAGATAACATCCAATCACTGTTTGCACTTATCTGAAAT
CTTCCCTCTTGGCTGCCCCCAGGTATTTACTGTGBAGAACATTGCATAGGAATGTCTGGAAAAAGCTT
CTACAACTTGTTACAGCCTTCACATTTGTAGAAGCTTT
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ATGGCCGCATCTCCGCACACTCTCTCCTCACGCUTCCTGACAGGTTGCGTAGBAGGCTCTETCTEET
ATCTTGAAAGAAGAACTATGCTGAAGCTGATCGTGCCCACCATCATGCTGCTGCCTCTGACCTGGETG
AGCAAGAAACACATGATCTGGATCAACACCACCACGCACAGUCTGATCATCAGCATCATCCCTCTGCT
GTTCTTCAACCAGATCAACAACAACCTOTTICAGCTGCAGCCCCACCTTCAGCAGCGACCCTCTGACAA
CACCTCTGCTGATGCTGACCACCTGGCTGLTGCCCCTCACAATCATGGCUCTCTCAGAGACACCTGAG
CAGCGAGCCCCTGAGCCGGAAGAAACTGTACCTGAGCATGLTGATCTCCCTGCAGATCTCTCTGATC
ATCGACCTTCACCGCCACCGAGCTGATCATGTTCTACATCTTTTTCGAGACAACGCTGATCCCCACACT
GGCCATCATCACCAGATEGGGCAACCAGCCTGAGAGACTGAACGCCGGCACCTACTTTCTGTICTAC
ACCCTCOTGGGBCAGCCTGCCACTGCTGATTGCCCTGATCTACACCCACAACACCTTGEGHBCTCCCTGA
ACATCCTGCTGCTGACACTGACAGCCCAAGAGCTGAGCAACAGCTGGGCCAACAATCTGATGTGGLT
GGCCTACACAATGGCOTTCATGGTCAAGATGCCCCTGTACGGCCTGCACCTGTGGCTGCCTAAAGCT
CATGTGGAAGCCCCTATCGCCGGCTCTATGETGCTEGGCTGCAGTGCTGCTGAAACTCGEGLGELTACG
GCATCGATGCGGCTGACCCTSATTCTGAATCCCCTGACCAAGCACATCGGCCTATCCATTTCTGGTGCTG
AGCCTOTGGGGCATGATTATGACCAGCAGCATCTGCCTCGUCGEUAGACCGATCTGAAGTCCCTGATCG
SCTACAGCTCCATCAGCCACATGGCCCTGEGTGGTCACCGCCATCCTGATTCAGACCCCTTGGAGCTTT
ACAGGCGCCOTGATCOTGATGATTGCCCACGGCCTGACAAGCAGCCTGCTGTTTTGTCTGGCCAACA
GCAACTACGAGCGGACCCACAGCAGAATCATGATCCTGTCTCAGGGCCTGCAGACCCTCCTGCCTCT
TATGGCTTTTTGGTGGCTGCTGGCCTCTCTGGCCAATCTCGCACTGCCTCCTACCATCAATCTGETGG
GCGAGCTGAGCGTGCTGGTCACCACATTCAGCTGGTCCAATATCACCCTGCTGCTCACCGGLLTGAA
CATGCTGGTTACAGCCCTGTACTCCCTGTACATETTCACCACCACACAGTGGGGAAGCCTGACACACTC
ACATCAACAATATGAAGCCCAGCTTCACCCGCGAGAACACCCTGATETTCATGCATCTGAGCCCCATT
CTGCTGCTGTCCCTGAATCOCTEGATATCATCACCGGCTTCTCCAGCTOAGAGCACTBGGACGCCTACT
GCCCCTTTCCCTCCGCTGUCAGGUCAGCATOSTTIGTGGTAATTCTGGAACACAAGAAGAGAAATTGCTG
GGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTCGATCACTTGACAGTTTTTTITTTTTTTTAAATAT
TACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTITT
CCCTTTCGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTTTCTTCCTCCTCACATGG
GGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACCACACGCACACTCCACATG
CCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTGTGAGCCTCATGATCTGCTGTCTGTAGTTCTGTGA
GCTCAGGTCCCTCAAAGGCLTCGBAGCACCCCCTTCCTTGTGACTGAGCCAGGGCCTGCATTTTITGG
TTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGCTG
TGCACTGGGACTGGGGATTCCACATGTTTGCCTTGGGAGTCTCAAGCTGEACTGCCA

COX40-
opt_ND4™
IUTR

ATGGCCGCATCTCOGCACACTCTCTCCTCACGCCTCCTGACAGGTTEGUGTAGGAGGCTLTGTCTGGT
ATCTTGAAAGAAGAACTATGCTGAAGCTGATCGTGCCCACCATCATGCTGCTGCCCCTGACCTGGLTG
AGCAAGAAGCACATGATCTGGATCAACACCACCACCCACAGCCTGATCATCAGCATCATCCCCCTGET
GTTCTTCAACCAGATCAACAACAACCTGTTCAGCTGCAGCCCCACCTTCAGCAGCGACCCCCTGACCA
CCCCCCTGCTGATGCTGACCACCTGGLTGCTGCCCCTGACCATCATGGCCAGCCAGCGLTCACCTGAG
CAGCGAGCCCCTGAGCCGCAAGAAGCTOTACCTGAGCATGCTGATCAGCCTGCAGATCAGCCTGATC
ATGACCTTCACCGCCACCGAGCTGATCATGTTCTACATCTTCTTCGAGACCACCCTGATCCCCACCCT
GGCCATCATCACCCGUTGGGBCAACCAGCCCGAGCGCCTGAACGCCEBCACCTACTICCTGTTCTAC
ACCCTGGTGGGCAGCCTGCCCCTGCTGATCGBCCCTGATCTACACCCACAACACCCTGGGCAGCCTGA
ACATCCTGCTGCTGACCCTGACCGCCCAGGAGCTCGAGCAACAGCTGGGCCAACAACCTGATGTGGCT
GGLCTACACCATGGCCTTCATGGTGAAGATGCCCCTGTACGGCCTGCACCTGTGGCTGCCCAAGGCT
CACGTGGAGGCCCCCATCOCCEGCAGCATGGTEGCTGGLCGLLEGTGUTEGCTGAAGCTGGECEGGLTAC
GGCATGATGCGCCTGACCCTGATCCTGAACCCCCTGACCAAGCACATGGCCTACCCCTTICCTGGTGO
TOAGCCTGTEGGGCATCGATCATGACCAGCAGCATCTECOCTGCGCCAGACCGACCTEAAGAGCCTGAT
CGCCTACAGCAGCATCAGCCACATGGCCCTGGTGGTGACCGCCATCCTGATCCAGACCCLCTGGAGE
TTCACCGGCGCCGTGATCCTOATGATCGCCCACGGCCTGACCAGCAGCCTGCTETTCTGCCTGGCCA
ACAGCAACTACGAGCGCACCCACAGCCGCATCATGATCCTGAGCCAGGGCCTGCAGACCCTGCTGLO
COTGATGGECCTTCTGGTRGLTGUTGGCCAGCCTGGUCAACTTGGCCCTGCLLCCCCACCATCAACCTG
CTGGGUGAGCTGAGCGTGCTGGTGACCACCTTCAGCTGGAGCAACATCACCCTGCTGCTGACCGGO
CTGAACATGCTGGTBACCGCCCTETACAGCOTGTACATETTCACCACCACCCAGTEGEEGCAGLCCTGA
CCCACCACATCAACAACATGAAGCCCAGCTICACCCGUGAGAACACCCTGATGTTCATGCACCTGAGE
CCCATCCTGCTBCTGAGCCTGAACCCCGACATCATCACCGGCTTCAGCABCTAAGAGCACTGGGACG
CCACCGCCCCTTTCCCTCCGCTGCCAGGCGAGCATGTTGTGGTAATTCTGGAACACAAGAAGAGAA
ATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTGACAGTYTTTTTTTTTT
TTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAA
TTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTTTCTTCCTCCT
CACATGGGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACCACACGCACACT
CCACATGCCCAGCAGAGTGGLCACTTGGETGGLCAGAAAGTGTGAGCCTCATGATCTGCTGTCTGTAGT
TCTGTGAGCTCAGGTCCCTCAAAGGCCTCGBAGCACCCCCTTCCTTGTGACTGAGCCAGGGCCTGLA
TITTTGGTTTTCCCCACCCCACACATTICTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCG
GCTGCTGTGCACTGGGACTGGGGATTCCACATETTTGCCTTGGGAGTCTCAAGCTGGACTGLCAGCC
CCTGTCCTCCCTTCACCCCCATTGCGTATGAGCATTTCAGAACTCCAAGGAGTCACAGGCATCTTTATA
GTTCACGTTAACATATAGACACTGTTGGAAGCAGTTCCTTCTAAAAGGEGGTAGCCCTGGBACTTAATACCA
GCCGGATACCTCTGGCCCCCACCCCATTACTGTACCTCTGGAGTCACTACTGTGGGTCGCCACTCCT
CTGCTACACAGCACGGCTTTTTCAAGGCTGTATTCGAGAAGGGAAGTTAGGAAGAAGGGTCTGCTGGE
CTAACCAGCCCACAGAGCTCACATTCCTGTCCCTTCGGTGAAAAATACATGTCCATCCTGATATCTCCT
GAATTCAGAAATTAGCCTCCACATGTGCAATGGUTTTAAGAGCCAGAAGCAGGGTTCTGEGAATTTTG
CAAGTTACCTGTGGCCAGGTGTGGTCTCGGTTACCAAATACGGTTACCTGCAGCTTTTTAGTCCTTTGY
GCTCCCACGGGTCTACAGAGTCCCATCTGCCCAAAGGTCTTGAAGCTTGACAGGATGTTTTCGATTAC
TCAGTCTCCCAGGGCACTACTGETCCGTAGBATTCGATTGGTCGOGGTAGGAGAGTTAAACAACATTT
ALACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGGTAGATAACATCCAATCACTGTTTGCACTTAT
CTGAAATCTTCCCTCTTGGCTGCCCCCAGGTATTTACTGTGGAGAACATTGCATAGGAATGTCTGGAA
AAAGCTTCTACAACTTGTTACAGCCTTCACATTTGTAGAAGCTTT
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ATGGCCGCATCTCCGCACACTCTCTCCTCACGCUTCCTGACAGGTTGCGTAGBAGGCTCTETCTEET
ATCTTGAAAGAAGAACTATGCTGAAGCTGATCGTGCCCACCATCATGCTGCTGCCCOTGACCTGGELTG
AGCAAGAAGCACATCGATCTGGATCAACACCACCACCCACAGCCTGATCATCAGCATCATCCCCCTGOT
GTTCTTCAACCAGATCAACAACAACCTOTTCAGCTGCAGCCCCACCTTCAGCAGCGACCCCCTGACCA
CCCCCCTECTGATGCTGACCACCTGGCTGCTGCCCCTGACCATCATGGCCAGCCAGCGUCACCTGAG
CAGCGAGCCCCTGAGCCGCAAGAAGCTGTACCTBAGCATGCTGATCAGCCTGCAGATCAGCCTGATC
ATCGACCTTCACCGCCACCGAGCTGATCATGTTCTACATCTTCTTCGAGACCACCCTGATCCCCACCCT
GGCCATCATCACCCGLTGGGEUAACCAGCCCGAGCGCCTGAACGCCGGLACCTACTTCCTGTTCTAC
ACCCTGGTGGBGCAGCCTGCCCCTGCTCGATCEGCCCTGATCTACACCCACAACACCCTGGGTAGCCTGA
ACATCCTGCTGCTGACCCTGACCGCCCAGGAGCTGAGCAACAGCTGGGCCAACAACCTGATGTGGCT
GGCCTACACCATGGCCTTCATGGTCAAGATGCCCCTGTACGGCCTGCACCTETEGGCTGCCCAAGGCT
CACGTGGAGGCCCCCATCGLCGECAGCATGRTGCTGGCLGCCGTECTGCTBGAAGCTGGGCGGUTAC
GGCATCATGCGCCTCACCCTOATCCTGAACCCCCTGACCAAGCACATGGCCTACCCCTTCCTGGTGC
TGAGCCTGTGGGGCATGATCATCGACCAGCAGCATCTGCCTEGUGCCAGACCGACCTGAAGAGLCTGAT
SGCCTACAGCAGCATCAGCCACATGGCCCTGGTGGTGACCGCCATCCTGATCCAGACCCCCTGGAGT
TTCACCGGCGCCCTGATCCTGATGATCBCCCACGGUCTGACCAGCAGCCTBUTGTTCTGCCTGGCCA
ACAGCAACTACGAGCGCACCCACAGCCGCATCATGATCCTGAGCCAGGGCCTGLAGACCCTGCTGCC
CCTGATGGCC GCTGCTGGCCAGCCTGGCCAACCTGGCCCTGCCCCCCACCATCAACCTS
TGGGLCGAGCTGAGCGTGLTGGTGACCACCTTCAGCTGGAGCAACATCACCCTGCTGCTGACCGGL
CTGAACATOCTGGTGACCGCCCTGTACAGCCTGTACATGTTCACCACCACCCAGTGGGGCAGCCTOA
CCCACCACATCAACAACATGAAGCCCAGCTTCACCCGCOAGAACACCCTGATGTTCATGCACCTGEAGT
CCCATCCTGUTGCTGABCCTGAACCCCGACATCATCACCHBGCTTCAGCAGCTAAGAGCACTGGGACG
CCCACCGCCCCTTTCCCTCCGCTGLCAGGCGAGCATGTTGTOO TAATTCTGGAACACAAGAAGAGAA
ATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTGACAGTTTITTTTTTTTT
TTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAA
TTATTTTTICCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTTTCTTCCTCCT
CACATGGGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACCACACGCACAL
CCACATGCCCAGCAGAGTGGCACTTGGTGGUCAGAAAGTETGAGCCTCATGATCTGCTGTCTGTAG
TCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCCTTCCTTGTGACTGAGCCAGGGCCTGCA
TTTTTGGTTITTICCCCACCCCACACATTICTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCG
GCTGCTGTGCACTGGGACTGGGEGATTCCACATGTTTGCCTTGEBAGTCTCAAGCTGGACTGCCA

21

COX10-NDG-
JUTR

ATGGCCGCATCTCOGCACACTCTCTCCTCACGCCTCCTGACAGGTTEGUGTAGGAGGCTLTGTCTGGT
ATCTTGAAAGAAGAACTATGATGTATGCTTTGTTTICTGTTCGAGTGTGGGTTTAGTAATGGGGTTTGTGE
GGTTTTCTTCTAAGCCTTCTCCTATTTATGGGGGTTTAGTATTGATTGTTAGCGGTGTGGTCGGETGTS
TTATTATTCTGAATTTTGGGGGAGGETTATATOGGTTTAATGGTTTTTTTAATTTATTTAGGGGGAATGAT
GGTTGTCTTTGGATATACTACAGCGATGGCTATTGAGGAGTATCCTGAGGCATGGGGGTCAGEGETT
GAGGTCTTGGTGAGTGTTTTAGTGGGGTTAGCGATGGAGETAGGATTGGTGCTGTGGGTGAAAGAGT
ATGATGGEGETGETGGTTGTGGTAAACTTTAATAGTGTAGGAAGCTGGATGATTTATGAAGGAGAGGGEE
TCAGGGTTGATTCGGGAGGATCCTATTGGTGLGGGEELTTTGTATGATTATGGGCGTTGGTTAGTAGT
AGTTACTGGTTGGACATTIGTTTGTTOGTGTATATATTGTAATTGAGATTGCTCGGGGGAATTAGGAGCA
CTGGGACGCCCACCGLCCCTTTCCCTCCGCTOUCAGGCGAGCATGTTOTGGTAATTCTGGAACACAA
GAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTGACAGTTT
TTTTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAA
AAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTTT
CTTCCTCCTCACATEGGGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACCACA
CGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTGTGAGCCTCATGATCTGETG
TCTOTAGTTICTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCCTTCCTTGTGACTOAGTCAG
GGCCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAATAGCT
AGGACCCGGCTGLTGTGCACTGGGACTGGGGATTCCACATGT CCTTGGGAGTCTCAAGCTGGAC
TGCCAGCCCCYGTCCTCCCTTCACCCCCATTGCGTATGAGE CAGAACTCCAAGGAGTCACAGGT
ATCTTTATAGTTCACGTTAACATATAGACACTETTGOAAGCAGTTCCTTCTAAAAGGETAGCCCTGGAC
TTAATACCAGCCGGATACCTCTGGCCCCCACCCCATTACTGTACCTCTGGAGTCACTACTGTGGGTCG
CCACTCCTCTGCTACACAGCACOBGCTTTTTCAAGGCTGTATTGCAGAAGGGAAGTTAGGAAGAAGGGTG
TOCTGGGCTAACCAGCCCACAGAGCTCACATTICCTGTCCOCTTGEOTGAAMAATACATGTCCATCCTGA
TATCTCCTGAATTCAGAAATTAGCCTCCACATGTGCAATGGCTTTAAGAGCCAGAAGCAGGGTTCTGE
GAATTTTGCAAGTTACCTGTGOUCAGETGTGGTCTCGGTTACCAAATACGGTTACCTGCAGCTITTITAG
TCCTTTGTGCTCCCACGGGTCTACAGAGTCCCATCTGCCCAAAGGTCTTCAAGCTTGACAGBATGTTT
TCGATTACTCAGTCTCCCAGGGCACTACTGGTCCGTAGGATTCGATTGGTCGGGGTAGGAGAGTTAAA
CAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGGTAGATAACATCCAATCACTGTTT
GCACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGGTATTTACTGTGGAGAACATTGCATAGGAATG
TCTGGAAAAAGCTTCTACAACTTGTTACAGCCTTCACATTTGTAGAAGCTTT

COX10-ND8-
SUTR™

ATGG ] TAGGAGGCTCTGTCTGGT
ATCTTGAAAGAAGAACTATGATGTATGCTTTGTTTCTGTTGAGTGTGGGTTTAGTAATGGGETTTGTGEG
GGTTTTCTTCTAAGCCTTCTCCTATTTATGGGGGTTTAGTATTGATTGTTAGCGGTGTGGTCGGETGTG
TTATTATTCTGAATTTTCGGGGAGGTTATATGGGTTI TAATGOTTTTTTTAATTTATT TAGGGGGAATGAT
GGTTGTCTTTCGGATATACTACAGCGATGGCTATTGAGGAGTATCCTGAGGCATGEEGGTCAGEGGETT
GAGGTCTTGGTGAGTGTTTTAGTGGGGTTAGCGATGEAGETAGGATTGGTGCTGTGGGTGAAAGAGT
ATGATGGGGTGGTGGTTGTGGTAAACTTTAATAGTGTAGGAAGCTGGATGATTTATGAAGGAGAGGGEG
TCAGGGTTGATTCGGGAGGATCCTATTGGTGCGGGEGEUTTTGTATGATTATGGGCGTTGGTTAGTAGT
AGTTACTGETTGGACATTGTTTGTTGGTGTATATATTGTAATTGAGATTGCTCGGGGGAATTAGGAGCA
CTGGOACGCCCACCGCCCCTTTCCCTCCGLTGCCAGGUGAGCATGTTIGTGGTAATTCTGGAACACAA
GAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTGACAGTTT
TITTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAA
AAAAGGAATTATTTTTICCCTTTGAGGGTICTTTTATACATCTCTCCTCCAACCCCACCCTCTATTICTGTTT
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CTTCCTCCTCACATEEGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACCACA
CGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTGTGAGCCTCATGATCTGCTG
TCTOTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGBAGTCACCCCCTTCCTTGTGACTGAGCUCAG

GGCOTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAATAGCT
AGGACCCGGCTGCTGTGCACTGGEBACTGGGGATTCCACATEGTTTGCCTTGGGAGTCTCAAGCTGGAC

TGCCA
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ATGGCCGCATCTCCGCACACTCTCTCCTCACGCCTCCTGACAGGTTGCGTAGGAGGCTCTGTCTGET
ATCTTGAAAGAAGAACTATGATGTACGCCCTGTTCCTGCTBAGCGTGEGUCTGETCGATGGGCTTCGTG
GGCTTCAGCAGCAAGCCCAGCCCCATCTACGGCGGOCTGGTGCTGATCGTGAGCGGLCGTGGTEEEC
TGCGTGATCATCCTGAACTTCGGCGGCGEGLTACATGGGUCTEGATGGTGTTCCTGATCTACCTGGGCG
GCATGATGGTGGTGTTCGGLCTACACCACCGCCATGGCCATCOAGBAGTACCCOGAGGLOTGGGGCA
GCGGLGTGGAGGTGCTGOTGAGCGTGCTCGETGGGCCTCGCCATGGAGGTGGGCCTEGTGLTGTEG
GTGAAGGAGTACGACGGCGTGGTERTGGTGGTGAACTTCAACAGCGTGGGCAGCTEGGATGATCTAI
GAGGGCGAGGGECAGCGGCCTGATCCGUGAGGACCCCATCGGCBCCGGCGCCCTGTACGACTACGS
CGCTGOCTGGTGGTCGTBACCGGUTGGACCCTGTTCGTCGGECGTGTACATCGTGATCGAGATCGC
COGBCGGCAACTAAGAGCACTGGGACGCCCACCGCOCCTTICCCTCCGCTGUCAGGCGAGCATGETTG
TGGTAATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTC
AGTGATCACTTGACAGTTTTTTITTITTTITTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAG
TCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACC
SCACCCTCTATTCTGTTTCTTCCTCCTCACATGGGGGTACACATACACAGCTTC TTTTGGTTCCAT
CCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGUCAGAAAGTGT
GAGCCTCATGATCTGCTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCCTT
CCTTGTGACTGAGCCAGGRCCTGCATTTTTGGTTTTCCCCACCCCACACATTICTCAACCATAGTCCTTC
TAACAATACCAATAGCTAGGACCCGGCTGCTEGTGCACTGGGACTGGGGATTCCACATGTTTGCCTTGG
GAGTCTCAAGCTGBACTGCCAGCCCCTGTCCTCCCTTCACCCCCATTGCGTATGAGCATTTCAGAACT
CCAAGGAGTCACAGGCATCTTTATAGTTCACGTTAACATATAGACACTGTTGGAAGCAGTTCCTTCTAA
AAGGGTAGCCCTGGACTTAATACCAGCCHBGATACCTCTGGCCCCCACCCCATTACTGTACCTCTGGA
GTCACTACTGTGGGTCGCCACTCCTCTGCTACACAGCACGGCTTTTTCAAGGCTGTATTGAGAAGGGA
AGTTAGGAAGAAGGGTGTGLTGGGCTAACCAGCCCACAGAGCTCACATTCOTGTCCCTTGEETGAAA
AATACATGTCCATCCTGATATCTCCTGAATTCAGAAATTAGCCTCCACATGTGCAATGGCTTTAAGAGC
CAGAAGCAGGGTTCTGGGAATTTTGCAAGTTACCTCTCGBCCAGGTGTOGTCTCEGTTACCAAATACGG
TTACCTGCAGCTTTTTAGTCCTTTGTGLTCCCACGEETCTACAGAGTCCCATCTGCCCAAAGGTCTTGA
AGCTTGACAGGATGTTTTCGATTACTCAGTCTCCCAGGGCACTACTGGTCCGTAGGATTCGATTGGETC
GGGGTAGGAGAGTTAAACAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGGTAGAT
AACATCCAATCACTGTTTGCACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGGTATTTACTGTGGA
GAACATTGCATAGGAATGTCTGGAAAMAGCTTCTACAACTTGTTACAGCCTTCACATTTGTAGAAGCTT

24

COX10-
opt_NDB-
IUTR*

ATGGCCGCATCTCCGCACACTCTCTCCTCACGCCTCCTGACAGGTTGCGTAGGAGGCTCTGTCTGET
ATCTTGAAAGAAGAACTATGATGTACGCCCTGTTICCTOCTGAGCGTOGGCCTGETGATGGGCTTCETG
GGCTTCAGCAGCAAGCCCAGCCCCATCTACGGELGGCCTGGTGCTGATCGTGAGCGGELGTGGTGGGE
TGCETGATCATCCTGAACTTCGGCGGLGGUTACATGGECCTGATEGETGTTCCTGATCTACCTGEGCE
GCATGATGGTGGTGTTCGGCTACACCACCGCCATGGCLCATCGAGGAGTACCCCGAGGLLTGGBGGCA
GCCGGCGTOBAGGTCCTGGTCAGCBTGCTCGTEEGCCTCGGCCATCCAGGTGEECCTGETGCTETGG
GTGAAGGAGTACGACGGLETGGTGGTGGTEGETGAACTTCAACAGCGTGGGCAGCTGGATGATCTAC
GAGGGCBAGGGCAGCOGCCTGATCCGCGAGGACCCCATCGGCECCGECECCCTGTACGACTACGG
CCOCTGGCTGGTORTGGTGACCGGCTGGACCCTBTTCGTGEGUBTGTACATCGTGATCBAGATCGT
CCGCGGCAACTAAGAGCACTGGGACGCOCACCGCCCCTTTCCCTCCGCTGCCAGGUGAGCATGTTG
TOGTAATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTC
AGTGATCACTTGACAGTTTTTTTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAG
CTCAGTCAGTGAATACAAAAAAGGAATTATTTTTICCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACT
CCACCCTCTATTCTGTTTCTTCCTCCTCACATGGGBGGTACACATACACAGCTTCCTCTTTTGGTTCCAT
CCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTGT
GAGCCTCATGATCTGCTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCCTT

COTTGTGACTGAGCCAGGGCCTECATTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTC
TAACAATACCAATAGCTAGGACCCGGUTEGCTGTGCACTGGGACTGEGGBATTCCACATGTTTGCCTTGES
GAGTCTCAAGCTGGACTGCCA




WO 2020/001657

COX10-ND1-
JUTR

PCT/CN2019/094136

ATGGCCGCATCTCCGCACACTCTCTCCTCACGCUTCCTGACAGGTTGCGTAGBAGGCTCTETCTEET
ATCTTGAAAGAAGAACTATGGCCAACCTCCTACTCCTCATTGTACCCATTCTAATCGCAATGGCATTCC
TAATGCTTACCGAACGAAAAATTCTAGGCTATATGCAACTACGCAAAGGCCCCAACGTTGTAGGCCCC
TACGGGCTACTACAACCCTTCGCTGACGCCATAAAACTCTTCACCAAAGAGCCCCTAAAACCCGCCAC
ATCTACCATCACCCTCTACATCACCGCCCCGACCTTAGCTCTCACCATCGCTCTTCTACTATGGACCCC
CCTCCCCATGCCCAACCCCCTGGTCAACCTCAACCTAGGCCTCCTATTTATTCTAGCCACCTCTAGEC
TAGCCGTTTACTCAATCCTCTGGTCAGGGTCGGCATCAAACTCAAACTACGCCCTGATCGGCGCACTG
CGAGCAGTAGCCCAAACAATCTCATATGAAGTCACCCTAGCCATCATTCTACTATCAACATTACTAATG
AGTGGCTCCTTTAACCTCTCCACCCTTATCACAACACAAGAACACCTCTGGTTACTCCTGCCATCATGG
CCCTTGGCCATGATSTGGTTTATCTCCACACTAGCAGAGACCAACCGAACCCCCTTCGACCTTGCCGA
AGGGGAGTCCGAACTAGTCTCAGGCTTCAACATCGAATACGCCGCAGGUCCCTTCGCCCTATTCTTCA
TGGCCGAATACACAAACATTATTATGATGAACACCCTCACCACTACAATCTTCCTAGGAACAACATATG
ACGCACTCTCCCCTGCAACTCTACACAACATATTTIGTCACCAAGACCCTACTTCTAACCTCCCTGTTCT
TATGGATTCGAACAGCATACCCCCGATTCCOUTACGACCAACTCATGCACCTCCTATGGAAAAACTTO
CTACCACTCACCCTAGCATTACTTATGTGGTATGTCTCCATGCCCATTACAATCTCCAGCATTCCCCCT
CAAACCTAAGAGCACTGGGACGCCCACCGLCCCTTTCCCTCCGCTEGCCAGGCGAGCATGTTGTGGTA
ATTCTGGAACACAAGAAGAGAAATTGCTGOGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGA
TCACTTGACAGT TTTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAG
TCAGTGAATACAAAAAAGGAATTATTTTTCCCTYTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACT
TCTATTCTGTTTICTTCCTCCTCACATGEGEGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTAC
CACCACACCACACGCACACTCCACATGCCCAGCAGAGTGECACTTGGTGGCCAGAAAGTGTGAGCCT
CATGATCTGCTOTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGBCACCCCCTTCCTTIGT
GACTGAGCCAGGGCCTGCATTTTTGGTTITTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAA
TACCAATAGCTAGGACCCGGCTGUTGTGCACTGGGACTGEGGATTCCACATGTTTGCCTTGGGAGTO
TCAAGCTGGACTGCCAGCCCCTGTCCTCCCTTCACCCCCATTGCGTATGAGCATTTCAGAACTCCAAG
GCAGTCACAGGCATCTTTATAGTTCACGTTAACATATAGACACTGTTGGAAGCAGTTCCTTCTAAAAGGG
TAGCCCTGGACTTAATACCAGCCGGATACCTCTGGCCCCCACCCCATTACTGTACCTCTGGAGTCACT
ACTGTGGETCGCCACTCCTCTGCTACACAGCACGECTTTTTCAAGGCTGTATTGAGAAGGGAAGTTAG
GAAGAAGGGETGTGCTGGGCTAACCAGCCCACAGAGCTCACATTCCTGTCCCTTGGGTGAAAAATACAT
GTCCATCCTGATATCTCCTGAATTCAGAAATTAGCCTCCACATETGCAATGGCTTTAAGAGCCAGAAGC
AGGGTTCTGGGAATTTTGCAAGTTACCTGTGGCCAGGTGTGGETCTCGETTACCAAATACGETTACCTG
CAGCTTTTTAGTCCTTTGTGCTCCCACGGGETCTACAGAGTCCCATCTGCCCAAAGGTCTTGAAGCTTG
ACAGGATGTTTTICGATTACTCAGTCTCCCAGGGCACTACTGGTCCGTAGBATTICGATTGGTCCGGGTA
GGAGAGTTAAACAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGGTAGATAACATC
CAATCACTGTTTGCACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGGTATTTACTGTGGAGAACAT
TGCATAGGAATGTCTGGAAAAAGCTTCTACAACTTGTTACAGCCTTCACATTTGTAGAAGCTTT

N
[e3]

COX10-ND1-
JUTR*

ATGGCOGCATCTCCGLACACTCTCTCOTCACGCCTCCTGACAGGTTGCGTAGGAGBCTCTGTCTGET
ATCTTGAAAGAAGAACTATGGCCAACCTCCTACTCCTCATTGTACCCATTCTAATCGCAATGGCATTCOC
TAATGCTTACCGAACGAAAAATTCTAGGCTATATGCAACTACGCAAAGGCCCCAACGTTGTAGGCCCC
TACGGGCTACTACAACCCTTCGCTGACGCCATAAAACTCTTCACCAAAGAGCCCCTAAAACCCGCCAC
ATCTACCATCACCCTCTACATCACCGCCCCGACCTTAGCTCTCACCATCGCTCTTCTACTATGGACCCC
CCTCCCCATGCCCAACCCCCTGGTCAACCTCAACCTAGGCCTCCTATTTATTCTAGCCACCTCTAGCC
TAGCCGTTTACTCAATCCTCTGGTCAGGGTGGGECATCAAACTCAAACTACGCCCTGATCGGBCGCACTG
COAGCAGTAGCCCAAACAATCTCATATGAAGTCACCCTAGCCATCATTCTACTATCAACATTACTAATG
AGTGGCTCCTTTAACCTCTCCACCCTTATCACAACATAAGAACACCTCTGGTTACTCCTGOCCATCATGG
CCCTTGGCCATGATGTGGTTTATCTCCACACTAGCAGAGACCAACCGAACCCCCTTCGACCTTGCCGA
AGGGCGAGTCCGAACTAGTCTCAGGLTTCAACATCGAATACGCCOCAGGCCCCTTCGCCCTATTCTTCA
TGGCCGAATACACAAACATTATTATGATGAACACCCTCACCACTACAATCTTCCTAGGAACAACATATG
ACGCACTCTCCCCTGAACTCTACACAACATATTTTGTCACCAAGACCCTACTTCTAACCTCCCTGTTCY
TATGOATTCGAACAGCATACCCCCGATTCCGCTACGACCAACTCATGCACCTCCTATGGAAAAACTTC
CTACCACTCACCCTAGCATTACTTATGTGGTATGTCTCCATGCCCATTACAATCTCCAGCATTCCCCCT
CAAACCTAAGAGCACTGGEGACGCCCACCGLCCCTTITCCCTCCGCTGCCAGGCGAGCATGTTGTGGTA
ATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGA
TCACTTGACAGTTTITTTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAG
TCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACT
CTCTATTCTGYTITCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTAC
CACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTESTGAGCCT
CATGATCTGCTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCOTTCCTTIGT
GACTGAGCCAGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAA
TACCAATAGCTAGGACCCGGCTGCTGTGCACTGGGACTGGGGATTCCACATGTTTGCCTIGGGAGTC
TCAAGCTGGACTGCCA




27

WO 2020/001657

COX10-
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ATGECCGCATCTCCGCACACTCTCTCCTCACGLUTCCTGACABGGTTGCGTAGBAGGCTCTEGTCTEET
ATCTTGAAAGAAGAACTATGGCCAACCTECTGCTGCTGATCGTGCCCATCCTGATCGCCATGGCLTTC
CTGATGBCTGACCCAGUCGCAAGATCCTOCGGCTACATGCAGCTGCOCAAGGGUCCCAACHBTGGTEGEEC

CCTACGGCCTGCTGCAGCCCTTCGLCCGACGLCATCAAGCTOTTCACCAAGGAGCCCCTGAAGCCCG
CCACCAGCACCATCACCCTGTACATCACCGCCCCCACCOTGGCCCTCGACCATCGOCCTGCTGCTGTG
GACCCCCCTGCCCATGCCCAACCCCOTGGTGAACCTGAACCTGGGCCTGCTGTTCATCCTGGCCACC
AGCAGCCTGGCCGTGTACAGCATCCTGTGGAGCGGCTCGGGCCAGCAACAGCAACTACGCCCTBATC
GGCGCCCTGCGUGUCGTGGCCCAGACCATCAGCTACGAGGETGACCCTGGCCATCATCCTGCTGAGC
ACCCTGCTGATOAGCGOBCAGCTTCAACCTGAGCACCCTGATCACCACCCAGGAGCACCTGTGBGCTGE
TGCTGCCCAGCTGGLCCCTGGCCATGATGTGGTTCATCAGCACCCTGGCCGAGACCAACCGCALCCC
CTTCGACCTEGCCOAGGGCGAGAGCGAGLTGGTGAGCGGCTTCAACATCBAGTACGCLGLLGECCO
CITCGCCCTGTTCTTCATGGCCGAGTACACCAACATCATCATGATGAACACCCTGACCACCACCATCTT
CCTBEBGCACCACCTACGACGCCCTGAGCCCCGAGCTGTACACCACCTACTTCETGACCAAGACCCTG
CTGCTGACCAGCCTGTTCCTGTGGATCCGCACCGUCTACCCCCGCTTCCGCTACGACCAGCTGATEC
ACCTGCTGTGGAAGAACTTCCTGLCCCCTGACCCTGGLCCTGLTGATETGGTACGTGAGCATGCCCAT
CACCATCAGCAGCATCCCCCCCCAGACCTAAGAGCACTGGGACGCCCACCGLCCOOTTTICCCTCCGLT
GCCAGGCOAGCATETTGTGETAATTCTGGAACACAAGAAG ATTGCTGGGTTTAGAACAAGATTA
TAAACGAATTCGGTGCTCAGTGATCACTTGACAGTTTTTTT TAAATATTACCCAAAATGCTCCC
CAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTY
ATACATCTCTCCTCCAACCCCACCCTCTATTICTGTTTCTTCCTCCTCACATGGGGGTACACATACACAG
CTTCCTCTTTTGGTTCCATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCAC
TTGETGGCCAGAAAGTGTGAGCCTCATGATCTGLCTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAG
GCCTCGGAGCACCCCCTTCCTTGTGACTGAGCCAGGGCCTGCATTTTTGSTTTTCCCCACCCCACACA
TTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGUTGTGCACTGGGACTGGEGEGA
TYCCACATGTTTGCCTTGBGAGTCTCAAGCTGGACTGCCAGCCCCTCTCCTCCCTTCACCCCCATTGO
GTATGAGCATTTCAGAACTCCAAGGAGTCACAGGCATCTTTATAGTTCACGTTAACATATAGACACTGT
TGGAAGCAGTTCCTTCTAAAAGGGETAGCCCTGBACTTAATACCAGCCGGATACCTCTGGCCCCCACCT
CATTACTGTACCTCTGGAGTCACTACTGTGGGTCGCCACTCCTCTGCTACACAGCACGGCTTTTTCAA
GGCTGTATTGAGAAGGGAAGTTAGGAAGAAGGGTGTGCTGGEGUTAACCAGCCCACAGAGCTCACATT
CCTGTCCCTTOGGTOAAAAMATACATGTCCATCCTRATATCTCCTGAATTCAGAAATTAGCCTCCACATG
TGCAATGGCTTTAAGAGCCAGAAGCAGGGTTCTGGGAATTTTGCAAGTTACCTGTGGCCAGETGTGG
CTCGGTTACCAAATACGGTTACCTGCAGCTTTTTAGTCCTTITGTGCTCCLCACGGGTCTACAGAGTCCO
ATCTGCCCAAAGGTCTTGAAGCTTGACAGGATGTTTTCGATTACTCAGTCTCCCAGGGCACTACTGST
CCGTAGGATTCGATTGETCGGGEGETAGGAGAGTTAAACAACATTTAAACAGAGTTCTCTCAAAAATGTCT
AAAGGGATTGTAGGTAGATAACATCCAATCACTETTTGCACTTATCTGAAATCTTCCCTCTTGGC TGO

CCAGGTATTTACTGTGGAGAACATTGCATAGGAATGTCTGGAAAAAGCTTCTACAACTTGTTACAGCC
TTCACATTTGTAGAAGCTTT

COX10-
opt_ND1-
JUTR*

ATGGCCGCATCTCOGCACACTCTCTCCTCACGCCTCCTRACAGGTTGLEGTAGGAGGCTCTGTCTGGET
ATCTTGAAAGAAGAACTATGGCCAACCTGUTGLTGCTGATCGTGCCCATCCTGATCGCCATGGLLTTC
CTGATGCTGACCGAGCGCAAGATCCTGGGUTACATGCAGCTGCGCAAGGGLLCCCAACGTGGTGGGE
CCCTACGGBCCTGCTGCAGCCOCTTCGCCGACGCCATCAAGLTGTTCACCAAGGAGCCCCTGAAGCCCG
CCACCAGCACCATCACCCTGTACATCACCGCCCCCACCCTEGGCCOTGACCATCGCCCTGCTGLTGTG
GACCCCCCTGCCCATGCCCAACCCCCTOGTGAACCTGAACCTGGEGCCTCCTGTTCATCCTGGCCALT
AGCAGCCTEGCCOTGTACAGCATCCTGTORBAGLGGCTGGGCCAGCAACAGCAACTACGCCCTGATC
GGCGLCOCTGCGCGCCETEBCCCAGACCATCAGCTACGAGGTEACCCTGGCCATCATCCTEGLTGAGC
ACCCTGCTGATGAGCGGCAGCTTCAACCTGAGCACCCTGATCACCACCCAGGBAGCACCTGTGGCTGC
TGCTGCCCAGCTGGCCCCTGGUCATOATGTEGTTCATCAGCACCCTGGCCBAGACCAACCGTACCCC
CTTCGACCTGGCCGAGGGEUGAGAGCGAGCTGGTCGAGCGGCTTCAACATCGAGTACGCCGCCGGCCT
CTTCGCCCTGTTCTTCATGGCCGAGTACACCAACATCATCATGATGAACACCCTGACCACCACCATCTT
CCTGGGCACCACCTACGACGCCCTGAGBCCCCGAGCTGTACACCACCTACTTCGTGACCAAGACCCTG
CTGCTGACCAGCCTGTTCCTETGGATCOCGBCACCGCCTACCCCCOUTTCCGUTACGALCAGCTGATGC
ACCTGCTGTGGAAGAACTTCCTGCCCCTGACCCTEGLCCTGCTGATGTGGTACGTGAGCATGCCCAT
CACCATCAGCAGCATCCCCCOCCAGACCTAAGAGCACTGEGGACGCCCACCGCCCCTTTCCCTCOGOT
GCCAGGCGAGCATGTTGTGGTAATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTA
TAAACGAATTCGGTGCTCAGTGATCACTTGACAGTTTTTTTTTTTTTTAAATATTACCCAAAATGCTCCC
CAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTT
ATACATCTCTCCTCCAACCCCACCCTCTATTCTSTTTCTTCCTCCTCACATGGGGGTACACATACACAG
CTTCCTCTTITTGGTTCCATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCAC
TTGGTGGCCAGAAAGTGTGAGCCTCATGATCTGCTGTCTGTAGTTCTGTCGAGCTCAGGETCCCTCAAAG
GCCTCGGAGCACCCCCTTCCTTBTGACTGAGCCAGGGLCTECATTTITGGTTTTCCCCACCCCACACA
TTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGCTEGTGCACTGGGBACTGGGGA
TTCCACATGTTTGCCTTGGGAGTCTCAAGCTGEACTGCCA
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opt_COX16-
ND4-3'UTR

PCT/CN2019/094136

ATGGCCGCOCTCTCCACACACACTGAGTAGCAGACTGCTGACCGBCTGTETTGGCGGCTCTGTGTEGT
ATCTGGAACGGCGGACAATGCTAAAACTAATCGTCCCAACAATTATGTTACTACCACTGACATGGCTTT
CCAALAAACACATGATTTGCGATCAACACAACCACCCACAGCCTAATTATTAGCATCATCCCTCTACTATT
TTTTAACCAAATCAACAACAACCTATTTAGCTGTTCCCCAACCTTTTCCTCCGACCCCCTAACAAGCCC
CCTCCTAATGCTAACTACCTGGCTCCTACCCCTCACAATCATGGCAAGCCAACGCCACTTATCCAGTG
AACCACTATCACGAAALAAACTCTACCTCTCTATGCTAATCTCCCTACAAATCTCCTTAATTATGACATT
CACAGCCACAGAACTAATCATGTTTTATATCTTCTTCGAAACCACACTTATCCCCACCTTGGCTATCATC
ACCCGATGGEGGCAACCAGCCAGAACGCCTGAACGCAGGCACATACTTCCTATTCTACACCCTAGTAG
GCTCCCTTCCCCTACTCATCGCACTAATTTACACTCACAACACCCTAGGCTCACTAAACATTCTACTAC
TCACTCTCACTGCCCAAGAACTATCAAACTCCTGGGUCAACAACTTAATGTGGCTAGCTTACACAATGG
CTTTTATGGTAAAGATGCCTCTTTACGGACTCCACTTATGGLTCCCTAAAGCCCATGTCGAAGCCCCCA
TCGCTGGGTCAATGGTACTTGCCGCAGTACTCTTAAAACTAGGCGBCTATGGTATGATGCGCCTCACA
CTCATTCTCAACCCCCTGACAAAACACATGGCCTACCCCTTCCTTGTACTATCCCTATGGGGCATGATT
ATGACAAGCTCCATCTGCCTACGACAAACAGACCTAAAATCGCTCATTGCATACTCTTCAATCAGCCAC
ATGGCCCTCGTAGTAACAGCCATTCTCATCCAAACCCCCTGGAGCTTCACCGGCGCAGTCATTICTCAT
GATCOCCCACGGGCTTACATCCTCATTACTATTCTGCCTAGCAAACTCAAACTACGAACGCACTCACA
GTCGCATCATGATCCTCTCTCAAGGACTTCAAACTCTACTCCCACTAATGGCTTTTTGGTGGCTTCTAG
CAAGCCTCGCTAACCTCGCCTTACCCCCCACTATTAACCTACTGGGAGAACTCTCTGTGCTAGTAACT
ACGTTCTCCTGGTCAAATATCACTCTCCTACTTACAGGACTCAACATGCTAGTCACAGCCCTATACTCC

TCTACATGTTTACCACAACACAATGGGGCTCACTCACCCACCACATTAACAACATGAAACCCTCATTC
ACACGAGAAAACACCCTCATGTTCATGCACCTATCCCCCATTCTCCTCCTATCCCTCAACCCCGACATC
ATTACCGOGTTTICCTCTTAAGAGCACTGGGACGBCCCACCGCCCCTTTCCCTCCGCTGUCABGUGAL
CATGTTGTGOTAATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTC
GGTGCTCAGTGATCACTTGACAGTTTTTITITTTTTITTAAATATTACCCAAAATGCTCCCCAAATAAGAAA
TGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTC

TCCAACCCCACCCTCTATTICTGTTTCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTT
GGTTCCATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCCA
GAAAGTGTGAGCCTCATGATCTGCTGTCTGTAGTTCTGTGAGCTCAGGETCCCTCAAAGGCLTCGGBAGC
ACCCCCTTCCTTGTGACTGAGCCAGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCAT
AGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGCTGTGCACTGGGACTGGGGATTCCACATETT
TGCCTTGGGAGTCTCAAGCTGGACTGCCAGCCCCTGTCOTCCCTTCACCCCCATTGOGTATGAGCATT
TCAGAACTCCAAGGAGTCACAGGCATCTTTATAGTTCACGTTAACATATAGACACTGTTGBAAGCAGTT
CCTTCTAAAAGGGTAGCCCTGGACTTAATACCAGCCGGATACCTCTGGCCCCCACCCCATTACTGTAC
CTCTGGAGTCACTACTGTGGGTCGCCACTCCTCTGCTACACAGCACGGCTTTTTCAAGGCTGTATTGA
GAAGGGAAGTTAGGAAGAAGGBTGTGCTGBGCTAACCAGCCCACAGAGCTCACATTCCTGTCCCTTG
GGTGAAAAATACATGTCCATCCTGATATCTCCTGAATTCAGAAATTAGCCTCCACATGTGCAATGGETT
TAAGAGCCAGAAGCAGGGTTCTGEGAATTTTGCAAGTTACCTETGGCCAGGTGTEGETCTCEGGTTACCA
AATACGGTTACCTGCAGCTTTTTAGTCCTTTGTGCTCCCACGGGTCTACAGAGTCCCATCTGCCCAAA
GGTCTTGAAGCTTGACAGGATGTTTTCGATTACTCAGTCTCCCAGGGCACTACTGGTCCGTAGGATTC
GATTGGTCGGGGTAGGAGAGTTAAACAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGT
AGGTAGATAACATCCAATCACTGTTTGCACTTATCTGAAATCTTCCCTCTTGGLTGCCCCCAGGTATTT
ACTGTGGAGAACATTGCATAGGAATGTCTGGAAAAAGCTTCTACAACTTGTTACAGCCTTCACATTTGT
AGAAGCTTT

30

opt_COX10-
ND4-3UTR

ATGGCCGCCTCTCCACACACACTSAGTAGCAGACTGCTCGACCGGCTGTEGTTGGLGGCTCTGTCTGGT
ATCTGGAACGBUGGACAATCOTAAMMECTAATCGTCCCAACAATTATGTTACTACCACTGACATGGCTTT
CCAAAAAACACATGATTTGGATCAACACAACCACCCACAGCCTAATTATTAGCATCATCCCTCTACTATT
TTTTAACCAAATCAACAACAACCTATTTAGCTGTTCCCCAACCTTTTCCTCCGACCCCCTAACAACCCO
CCTCCTAATGCTAACTACCTGGCTCCTACCCCTCACAATCATGGCAAGCCAACGCCACTTATCCAGTG
AACCACTATCACGAAAAAAACTCTACCTCTCTATGCTAATCTCCCTACAAATCTCCTTAATTATGACATT
CACAGCCACAGAACTAATCATGTTTTATATCTTCTTCGAAACCACACTTATCCCCACCTTGGCTATCATC
ACCCOATGGGEUAACCAGCCAGAACGCLTGAACGUAGGCACATACTICCTATTCTACACCCTAGTAG
GCTCCCTTCCCCTACTCATCGCACTAATTTACACTCACAACACCCTAGGCTCACTAAACATTCTACTAC
TCACTCTCACTGCCCAAGAACTATCAAACTCCTGGGCCAACAACTTAATGTGGCTAGCTTACACAATGG
CTTTTATGGTAAAGATGCCTCTTTACGGACTCCACTTATGGCTCCCTAAAGCCCATGTCGAAGCCCCCA
TCGCTEGGTCAATGETACTTGCCBCAGTACTCTTAAAACTAGGCGGCTATGGTATGATGCGCCTCACA
CTCATTCTCAACCCCCTGACAAAACACATGGCCTACCCCTTCCTTGTACTATCCCTATGGGGCATGATT
ATCACAAGCTCCATCTGECCTACGACAAACAGACCTAAAATCGCTCATTGCATACTCTTCAATCAGCCAC
ATGGCCCTCGTAGTAACAGCCATTCTCATCCAAACCCCCTGGAGCTTCACCGGCGCAGTCATTCTCAT
GATCGCCCACGGGCTTACATCCTCATTACTATTICTGCCTAGCAAACTCAAACTACGAACGCACTCACA
GTCGCATCATGATCCTCTCTCAAGGACTTCARACTCTACTCCCACTAATGGCTTTTTGGTGGCTTCTAG
CAAGCCTCGLTAACCTCGCCTTACCCCCCACTATTAACCTACTGEGGAGAACTCTCTGTGCTAGTAACC
ACGTTCTCCTGGTCAAATATCACTCTCCTACTTACAGGACTCAACATGCTAGTCACAGCCCTATACTCC
CTCTACATGTTTACCACAACACAATGGGGCTCACTCACCCACCACATTAACAACATGAAACCCTCATTC
ACACGAGAAAACACCCTCATGTTCATGCACCTATCCCCCATTCTCCTCCTATCCCTCAACCCCGACATC
ATTACCGGGTTTTCCTCTTAAGAGCACTGGGACGCCCACCGCCCCTTITCCCTCOCGCTGCCAGGCGAG
CATGTTOTGGTAATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTC
GOTGCTCAGTCGATCACTTGACAGTTTTTTTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAA
TGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTC
CTCCAACCCCACCCTOCTATTCTGTTTCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTT
GGTTCCATCCTTACCACCACACCACACGCACACTCCACATOCCCAGCAGAGTGGBCACTTGEGTGGCCA
GAAAGTGTGAGCCTCATGATCTECTGTCTEGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGEAGT
ACCCCCTTCCTTGTGACTGAGCCAGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCAT
AGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGCTGTGCACTGGCACTGGGGATTCCACATGTT
TOCCTTEGGGAGTCTCAAGCTOGACTGCCA

N
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ATGGCCGCOCTCTCCACACACACTGAGTAGCAGACTGCTGACCGBCTGTETTGGCGGCTCTGTGTEGT
ATCTGGAACGGCGGACAATGCTGAAGCTGATCGTGCCCACCATCATGCTGCTGCCTCTGACCTGELT
GAGCAAGAAACACATGATCTGGATCAACACCACTCACGCACAGCCTGATCATCAGCATCATCCCTOTGC
TOTTCTTCAACCAGATCAACAACAACCTGTTCAGCTGCAGCCCCACCTTCAGCAGCGACCCTCTGACA
ACACCTCTGCTGATGCTGACCACCTGGCTGCTGCCCCTCACAATCATGGCCTCTCAGAGACACCTGA
GCAGCGAGCCCCTGAGCCGGAAGAAACTGTACCTGAGCATGCTGATCTCCCTGCAGATCTCTCTGAT
CATGACCTTCACCGCCACCGAGCTGATCATGTTCTACATCTTTTTCGAGACAACGCTGATCCCCACACT
GGCCATCATCACCAGATEGGGCAACCAGCCTGAGAGACTGAACGCCGGCACCTACTTTCTGTTICTAC
ACCCTCOTGGGBCAGCCTGCCACTGCTGATTGCCCTGATCTACACCCACAACACCTTGEGHBCTCCCTGA
ACATCCTGCTGCTGACACTGACAGCCCAAGAGCTGAGCAACAGCTGGGCCAACAATCTGATGTGGLT
GGCCTACACAATGGCOTTCATGGTCAAGATGCCCCTGTACGGCCTGCACCTGTGGCTGCCTAAAGCT
CATGTGGAAGCCCCTATCGCCGGCTCTATGETGCTEGGCTGCAGTGCTGCTGAAACTCGEGLGELTACG
GCATCGATGCGGCTGACCCTSATTCTGAATCCCCTGACCAAGCACATCGGCCTATCCATTTCTGGTGCTG
AGCCTOTGGGGCATGATTATGACCAGCAGCATCTGCCTCGUCGEUAGACCGATCTGAAGTCCCTGATCG
SCTACAGCTCCATCAGCCACATGGCCCTGEGTGGTCACCGCCATCCTGATTCAGACCCCTTGGAGCTTT
ACAGGCGCCOTGATCOTGATGATTGCCCACGGCCTGACAAGCAGCCTGCTGTTTTGTCTGGCCAACA
GCAACTACGAGCGGACCCACAGCAGAATCATGATCCTGTCTCAGGGCCTGCAGACCCTCCTGCCTCT
TATGGCTTTTTGGTGGCTGCTGGCCTCTCTGGCCAATCTCGCACTGCCTCCTACCATCAATCTGETGG
GCGAGCTGAGCGTGCTGGTCACCACATTCAGCTGGTCCAATATCACCCTGCTGCTCACCGGLLTGAA
CATGCTGGTTACAGCCCTGTACTCCCTGTACATETTCACCACCACACAGTGGGGAAGCCTGACACACTC
ACATCAACAATATGAAGCCCAGCTTCACCCGCGAGAACACCCTGATETTICATGCATCTGAGCCCCATT
CTGCTGCTGTCCCTGAATCOCTEGATATCATCACCGGCTTCTCCAGCTOAGAGCACTBGGACGCCTACT
GCCCCTTTCCCTCCGCTGUCAGGUCAGCATOSTTIGTGGTAATTCTGGAACACAAGAAGAGAAATTGCTG
GGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTCGATCACTTGACAGTTTTTTTTTTTTTTAAATAT
TACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTITT
CCCTTTCGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTTTCTTCCTCCTCACATGG
GGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACCACACGCACACTCCACATG
CCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTGTGAGCCTCATGATCTGCTGTCTGTAGTTCTGTGA
GCTCAGGTCCCTCAAAGGCLTCGBAGCACCCCCTTCCTTGTGACTGAGCCAGGGCCTGCATTTTITGG
TTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGCTG
TGCACTGGGACTGGGGATTCCACATGTTTGCCTTGGGAGTCTCAAGCTGGACTGCCAGCCCCTETCC
TCCCTTCACCCCCATTGCGTATCAGCATTTCAGAACTCCAAGBAGTCACAGGCATCTTTATAGTTCACS
TTAACATATAGACACTGTTGCAAGCAGTTCCTTCTAAAAGGGTAGCCCTGGACTTAATACCAGCCGGAT
ACCTCTGGCCCCCACCCCATTACTGTACCTCTGGAGTCACTACTGTGGGTCGCCACTCCTCTGCTACA
CAGCACGGCTTTTTCAAGGCTGTATTGAGAAGGGAAGTTAGGAAGAAGGGTGTGCTGOBGCTAACCAG
CCCACAGAGCTCACATTCCTGTCCCTTOGGTGAAAAATACATGTCCATCCTGATATCTCCTGAATTCAG
AMATTAGCCTCCACATETGCAATGGCTTTAAGAGCCAGAAGCAGGGTTCTEGGAATTTTGCAAGTTAC
CYTGTGGCCAGGTGTGGTCTCGGTTACCAAATACGGTTACCTGCAGCTTTTTAGTCCTTTGTGCTCCCA
CGGGTCTACAGAGTCCCATCTOUCCAAAGBTCTTGAAGCTTCGACAGCATORTTTTCBATTACTCAGTCT
CCCAGGGCACTACTGGTCCGTAGGATTCGATTGETCGGGETAGGAGAG TTAAACAACATT TAAACAGA
GTTCTCTCAAAAATGTCTAAAGGGATTGTAGGETAGATAACATCCAATCACTGTTTGCACTTATCTGAAAT
CTTCCCTCTTGGCTGCCCCCAGGTATTTACTGTGGAGAACATTGCATAGGAATGTCTGGAAAAAGCTT
TACAACTTGTTACAGCCTTCACATTTGTAGAAGCTTT

opt_COX10-
opt_ND4-
JUTR®

ATGGCCGCCTCTCCACACACACTSAGTAGCAGACTGCTCGACCGGCTGTEGTTGGLGGCTCTGTCTGGT
ATCTGGAACGGBUGGACAATGLTGAAGCTGATCGTGCCCACCATCATEUTGCTGCCTCTBACCTEGCT
GAGCAAGAAACACATGATCTGGATCAACACCACCACGCACAGCCTGATCATCAGCATCATCCCTCTGE
TGTTCTTCAACCAGATCAACAACAACCTGTTCAGCTGCAGCCCCACCTTCAGCAGCGACCCTCTGACA
ACACCTCTGCTGATGCTGACCACCTGGCTGCTGCCCOUTCACAATCATGGCCTCTCAGAGACACCTGA
GCAGCGAGCCCCTCAGCCOOAAGAAACTGTACCTGAGCATGCTGATCTCCOTGCAGATCTCTCTGAT
CATGACCTTCACCGCCACCGAGCTGATCATEGTTCTACATCTTTTTCGAGACAACGCTGATCCCCACALT
GGLCATCATCACCAGATGGGECAACCAGCOTCGAGAGACTGAACGCCGGCACCTACTTTICTGTICTAC
ACCCTCGETGGGCAGCCTGCCACTGCTGATTGCCCTGATCTACACCCACAACACCCTGGGLTCCCTGA
ACATCCTCGCTGCTGACACTCGACAGCCCAAGBAGTTGAGCAACAGCTGGBGCCAACAATCTGATGTGGCT
GGCOTACACAATGGCCTTCATGGTCAAGATGLCCCTGTACGGCCTGCACCTGTGGLTGCCTAAAGCT
CATGTGGAAGCCCCTATCGCCGRCTCTATOGTGCTGGCTGCAGTGCTGCTGAAACTCEGCGGCTACG
GCATGATGCGGBCTGACCCTGATTCTGAATCCCCTGACCAAGCACATGGCCTATCCATTICTGGTGCTG
AGCCTGTGGGGCATCATTATSACCAGCAGCATCTGCCTGCGGCAGACCSATCTGAAGTCCCTCATCG
CCTACAGCTCCATCAGCCACATGGCCCTOGTEETCACCGCCATCCTGATTCAGACCCCTTGGAGCTTT
ACAGGCGCCETGATCCTGATGATTGCCCACGGCCTGACAAGCAGCCTGCTGTTTTGTCTGGLCAACA
GCAACTACGAGCGGACCCACAGCAGAATCATGATCCTGTCTCAGGGCCTGLAGACCCTCCTGCCTCT
TATGGCTTTTTGGTGGCTGCTGGCCTCTCTGBUCAATCTGGCACTGCCTCCTACCATCAATCTGCTGSE
GCGAGCTGAGCGTGCTGGTCACCACATTCAGCTGGTCCAATATCACCCTGUTGCTCACCGGLUTGAA
CATGCTGGTTACAGCCCTGTACTCCCTGTACATGTTCACCACCACACAGTCGGEGAAGCCTGACACACC
ACATCAACAATATGAAGCCCAGCTTCACCCGUGAGAACACCCTRATGTTCATGCATCTGAGCCCCATT
CTGCTGCTGTCCCTGAATCCTGATATCATCACCGGCTTCTCCAGCTGAGAGCACTGGGACGCCCACT
GCCCCTTTCCCTCOGUTGCCAGGCGAGCATEGTTGTGGTAATTCTGGAACACAAGAAGAGAAATTGCTG
GOTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTCACAGTTTTTTTITTTTTTTAAATAT
TACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTTY
CCCTTTGAGGGTCTITTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTTTCTTCCTCCTCACATGG
GCGGTACACATACACAGCTTCCTCTTTIGGTTCCATCCTTACCACCACACCACACGCACACTCCACATG
CCCAGCAGAGTGGCACTTGGTEGGCCAGAAAGTGTGAGCCTCATGATCTGCTGTCTEGTAGTTCTGTGA
GCTCAGGTCCCTCAAAGGCCTCGEGAGCACCCCCTICCTTGTGACTGAGCCAGGGCCTECATTTTTGS
TTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGCTG
TOCACTGGGACTCEGGATICCACATGTTTGCCTTOGGAGTCTCAAGC TGGACTGCCA
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WO 2020/001657

opt_COX16G-
opt_ND4*
FUTR
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ATGGCCGCOCTCTCCACACACACTGAGTAGCAGACTGCTGACCGBCTGTETTGGCGGCTCTGTGTEGT
ATCTGGAACGGCGGACAATGCTCAAGCTGATCATEGCCCACCATCATGCTGCTGCCCCTGACCTGGOT
GAGCAAGAAGCACATGATCTGGATCAACACCACCACCCACAGCCTGATCATCAGCATCATCCCCCTGT
TOTTCTTCAACCAGATCAACAACAACCTGTTCAGCTGCAGCCCCACCTTCAGCAGCGACCCCCTGALD
ACCCCCCTGCTGATGCTGACCACCTGRCTGCTGLCCCCTGACCATCATGGCCAGCCAGCGCLACCTGA
GCAGCGAGCCCCTGAGCCGCAAGAAGCTGTACCTGAGCATGCTGATCAGCCTGCAGATCAGCLTGAT
CATGACCTTCACCGCCACCGAGCTGATCATGTTCTACATCTTCTTCGAGACCACCCTGATCCCCACCT
TGGCCATCATCACCCGCTGGGGCAACCAGCCCGAGCGCCTGAACGCCGGCACCTACTTICCTGTTCTA
CACCCTGGTGGGCAGCCTGCCCCTGCTGATCGCCCTCGATCTACACCCACAACACCCTGGGCAGCCTG
AACATCCTGCTGLTGACCCTGACCGCCCAGGAGCTGAGCAACAGCTGGGCCAACAACCTGATGTGGC
TGGCCTACACCATGGCCTTCATGGTGAAGATGCCCCTGTACGECCTGCACCTGTGGCTGLUCAAGGC
CCACGTGGAGGUCCCCATCGCCGGCAGCATEGETGCTEGLCGCCOTEGLTGCTEBAAGCTGGGCGGCTA
CGGCATGATGCGCCTGACCCTCATCCTGAACCCCCTGACCAAGCACATGGCCTACCCCTTCCTGGTG
TGAGCCTGTGGGEUATGATCATGACCAGCAGCATCTGCCTEGLGCCAGACCGACCTGAAGAGCCTGA
TCGCCTACAGCAGCATCAGCCACATGGCCCTGETGGTGACCGCCATCCTGATCCAGACCCCCTGGAG
CTTCACCGGCGCCGTGATCCTGATGATCGUCCACGGCCTBGACCAGCAGCCTGCTGTTCTGCCTGGEC
AACAGCAACTACGAGCGCACCCACAGCCGCATCATGATCCTGAGCCAGGGCCTGCAGACCCTGCTGOC
CCCTGATGGCCTTCTGGTGGCTGCTGGUCAGCCTEGCCAACCTGGCLUTGCCCCCCACCATCAACCT
GCTGGGCGAGCTGAGCGTGCTGGTGACCACCTTCAGCTGGAGCAACATCACCCTGCTGCTGACCGG
CCTGAACATOCTGGTGACCOCCCTGTACAGCCTCTACATGTTCACCACCACCCAGTGGGGCAGCCTG
ACCCACCACATCAACAACATGAAGCCCAGCTTCACCCGCGAGAACACCCTGATGTTCATGCACCTGAG
CCCCATCCTGCTGCTBAGCCTCGAACCCCGACATCATCACCGGCTTCAGCAGCTAAGAGCACTGGGAC
GCCCACCGCCCCTTTCCCTCOGUTGCCAGGCGAGCATGTTGTGGTAATTCTGGAACACAAGAAGAGA
AATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTBATCACTTGACAGTTTTTTITITT
TTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGA
ATTATTTTTCCCTTTOAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATICTOSTITCTTCCTCC
TCACATGGGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACCACACGCACACT
CCACATGCCCAGCAGAGTGGCACTTGGTGGUCAGAAAGTETGAGCCTCATGATCTGCTGTCTGTAG
TCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCCTTCCTTGTGACTGAGCCAGGGBLCTGLA
TTTTTGGTTITTICCCCACCCCACACATTICTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCG
GCTGCTGTGCACTGGGACTGGGGATTCCACATGTTTGCCTTGEBAGTCTCAAGCTGGACTGCCAGCC
CCTGTCCTCCCTTCACCCCCATTGUGTATGAGCATTTCAGAACTCCAAGGAGTCACAGGCATCTTTATA
GTTCACGTTAACATATAGACACTGTTGGAAGCAGTTCCTTCTAAAAGGGTAGCCCTGGACTTAATACCA
GCCGGATACCTCTGGCCCCCACCCCATTACTGTACCTCTGGAGTCACTACTCTGGGTCGCCACTCCT
CTGCTACACAGCACGGCTTTTICAAGGCTGTATTGAGAAGGGAAGTTAGGAAGAAGGBGTGTGCTGGG
CTAACCAGCCCACAGAGCTCACATTCCTGTCCCTTGGGCTGAAAMATACATGTCCATCCTGATATCTCCT
GAATTCAGAAATTAGCCTCCACATETEGCAATCGEUTTTAAGAGCCAGAAGCAGEETTCTGGGAATTTTG
CAAGTTACCTGTCGCCAGGTGTGGTCTCGGTTACCAAATACGGTTACCTGCAGCTTTTTAGTCCTTTGT
GCTCCCACGGGTCTACAGAGTCCCATCTELCOCCAAAGGTCTTIGAAGCTTGACAGGATETTTTCGATTAC
TCAGTCTCCCAGGEGCACTACTGGTCCGTAGGATICGATTGETCGGEETAGGAGAGTTAAACAACATTT
AAACAGAGTTCTCTCAAAAATETCTAAAGGGATTGTAGGTAGATAACATCCAATCACTGTTTGCACTTAT
TGAAATCTTCCCTCTTGGCTGCCCCCAGGTATTTACTGTGGAGAACATTGCATAGGAATGTCTGGAA
AMMGCTTCTACAACTTGTTACAGCOTTCACATTTGTAGAAGCTTT

34

opl_COX10-
opt_ND4*
FUTR*

ATGGCCGCCTCTCCACACACACTSAGTAGCAGACTGCTCGACCGGCTGTEGTTGGLGGCTCTGTCTGGT
ATCTGGAACGGBUGGACAATGCTGAAGCTGATCGTGCCCACCATCATECTGCTGLCCCOTGACCTGGET
GAGCAAGAAGCACATGATCTGGATCAACACCACCACCCACAGCCTGATCATCAGCATCATCCCCCTGO
TGTTCTTCAACCAGATCAACAACAACCTOTTCAGCTGCAGCCCCACCTTCAGCAGCGACCCCCTGACC
ACCCCCCTGCTGATGCTGACCACCTGGCTGCTGCCCCTEGACCATCATGGCCAGCCAGCGCCACCTGA
GCAGCGAGCCCCTGAGCCGCAAGAAGCTGTACCTGAGCATGCTCGATCAGCCTGCAGATCAGCCTGAT
CATGACCTTCACCGCCACCGAGCTGATCATEGTTCTACATCTTCTTCGAGACCACCCTGATCCCCACCC
TOGCCATCATCACCCGCTGGGEUAACCAGLUCGAGCGCCTGAACGCCGGCACCTACTTCCTGTTCTA
CACCCTEETGGGCAGCCTGCCCCTGCTGATCGCCCTGATCTACACCCACAACACCCTGGGCAGCCTG
AACATCCTGCTGCTOACCCTCACCOUCCAGEAGCTGAGCAACAGUTGGGUCAACAACCTGATGTGGO
TOGCCTACACCATGGCCTTCATGGTGAAGATGCCCCTOTACGGCCTGLACCTGTGGCTGCCCAAGGT
COACGTGGAGGCCCCCATCECCOGTCAGCATGGTEGCTGGLCGCCGTGCTEGCTGAAGCTGGELGECTA
CGGCATGATGCGBLCTGACCCTGATCCTGAACCCCCTGACCAAGCACATGGCCTACCCCTTCCTGGTG
CTCAGCCTGTOGGGECATGATCATCGACCAGCAGCATCTGCCTGCGCCAGACCGACCTGAAGAGCCTGA
TCGCCTACAGCAGCATCAGCCACATGGECCCTGGTGGTGACCGCCATCCTGATCCAGACCCCCTGGAG
CTTCACCGGBCGCCETGATCCTGATGATCGCCCACGGCCTGACCAGCAGCCTGCTGTTCTGCCTGGCC
AACAGCAACTACGAGCGCACCCACAGCCGUCATCATGATCCTGAGCCAGGGCCTGCAGACCCTGCTGE
COCCTGATGGLCTTCTGGTEGCTGCTGGCCAGCCTGGCCAACCTGGCCCTGLOCCCCACCATCAACCT
GCTGGGCGAGCTGAGCGTGCTGETGACCACCTTCAGCTGGAGCAACATCACCCTGCTGCTGACCGSG
CCTGBAACATGCTGGTBACCGCCCTGTACAGCCTGTACATGTTCACCACCACCCAGTGGGGCAGCLTG
ACCCACCACATCAACAACATGAAGCCCAGCTTCACCCGCGAGAACACCCTGATETTCATGCACCTGAG
SCCCATCCTGCTGCTGAGCCTGAACCCCGACATCATCACCGGCTTCAGCAGCTAAGAGCACTGGGAC
GCCCACCGCCCOTTTCCCTCCGLTGUCAGGUGAGCATGTTGTGGBTAATTCTCGAACACAAGAAGAGA
AATTGCTOGGTTTAGAACAAGATTATAAACGAATTCGOTGCTCAGTGATCACTTGACAGTTITTITITITY
TTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGA
ATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTTTCTTCCTCC
TCACATGGGGGTACACATACACAGCTTCCTCTTTTGOTTCCATCCTTACCACCACACCACACGCACACT
CCACATGCCCAGCAGAGTGGCACTTGETGGECCAGAAAGTGTGAGCCTCATGATCTGCTGTCTGTAGT
TCTGTGAGCTCAGGTCCCTCAAAGGUCTCGGAGCACCCCCTTCCTTGTGACTEGAGCCAGGEGCCTGCA
TTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCG
GCTGCTGTGCACTGGCGACTEGGGATTCCACATGTTTGCCTTGGCGAGTCTCAAGCTGGACTGLCA
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opt_COX16-
NDE-3'UTR
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ATGGCCGCOCTCTCCACACACACTGAGTAGCAGACTGCTGACCGBCTGTETTGGCGGCTCTGTGTEGT
ATCTGGAACGGCGGAL, AﬂT(zi\i(: TATGCTTTGTTTCTGTTGAGTGTGGGTTTAGTAATGGGGTTIGTG

GGGTTTTCTTCTAAGCCTTCTCCTATTTATGCGGGTTTAGTATTCGATTGTTAGCGGTGTGGETCGGGTGT
GTTATTATTICTGAATTTTGOGGGAGGTTATATGGOTITAATGGTTTTTTTAATTTATTTAGGGGGAATGA
TGGTTGTCTTTGGATATACTACAGCGATGGCTATTGAGGAGTATCCTGAGGCATGGBGGTCAGGEGTT
GAGGTCTTGGTGAGTGTTTTAGTGGGGTTAGCGATGGAGGTAGGATTGGTGCTGTCGGETGAAAGAGT
ATCATGGGGTCGTGOTTCTGGTAAACTTTAATAGTGTAGCGAAGCTGGATGATTTATGAAGGAGAGGGG
TCAGGGTTGATTCGGGAGGATCCTATTGGTGCGEGGGCTTTGTATGATTATGGGCETTGGTTAGTAGT
AGTTACTGGTTGCGACATTGTTTGTTGGTCTATATATTGTAATTGAGATTGCTCGGGGGAATTAGGAGCA
CTGGGACGCCCACCGCCCCTTTCCCTCCGUTGCCAGGCGAGCATGTTGTGGTAATTCTGGAACACAA
GAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGUTCAGTGATCACTTGACAGTTT
TITTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAA

AAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTTT

CTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACCACA
SGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTGTGAGCCTCATGATCTGETG
TCTGTAGTTCTCGTGAGCTCAGGBTCCCTCAAAGGCCTCGGAGCACCCCCTTCCTTGTCACTGAGCCAG

GGCCTGCATTTTTGS CCCACCCCACACATTCTCAACCATAG TTCTAACAATACCAATAGCT

AGGACCCEGLTGCTGTGCACTGGGACTGGEGATTCCACATGT CCTTGGGAGTCTCAAGCTGGAC
TGCCAGCCCCTGTCCTCCOTTCACCCCCATTGCEGTATGAGCA T"AGAL‘\C‘C?AAGGAGTCACAGG"
ATCTTTATAGTTCACGTTAACATATAGACACTGTTGGAAGCAGTTCCTTCTAAAAGGGTAGCCCTGGAL
TTAATACCAGCCGGATACCTCTGGCCCCCACCCCATTACTGTACCTCTGGAGTCACTACTGTGGGTCGE
CCACTCCTCTGCTACACAGCACGGCTTTTTCAAGGCTCTATTGAGAAGGGAAGTTAGGAAGAAGGGTG
TGCTGGGCTAACCAGCCCACAGAGCTCACATTCCTGTCCCTTGGGTGAAAAATACATGTCCATCCTGA
TATCTCCTGAATTCAGAAATTAGCCTCCACATGTGCAATGGUTTTAAGAGCCAGAAGCAGGGTTOTGG

GAATTTTGCAAGTTACCTGTGGCCAGGTGTGGTCTCGGTTACCAAATACGGEGTTACCTGCAGCTTTTTAG
TCCTTTGTGCTCCCACGGGTCTACAGAGTCCCATCTCGCCCAAAGBTCTTGAAGCTTGACAGGAT
TCGATTACTCAGTCTCCCAGGGCACTACTGGTCCGTAGGATTCGATTGGTCEGGGGTAGGAGAGT
CAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGGTAGATAACATCCAATCAL YGTI'T
GCACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGGTATTTACTGTGGAGAACATTGCATAGGAATG
TCTGGAAAAAGCTTCTACAACTTGTTACAGCCTTCACATTTGTAGAAGCTTT

W
[a3)

opt_COX16-
ND8-3'UTR*

ATGGCCGCCTCTCCACACACACTGAGTAGCAGACTGCTGACCGGCTGTGTTGGCGGCTCTGTGTGGET
ATCTGCGAACGGCGGACAATGATGTATGCTTTGTTTCTGTTGAGTGTGGGTTTAGTAATGGGGTTIGTG
GGGTTTTCTTCTAAGCCTTCTCCTATTTi‘\*GGGCC‘TTTAG*ATTGA‘”GTTAGCGGTC‘TGG"CGGGTFT
GTTATTATTCTGAATTTTGGGGGAGETTATATGGGTTTAATGGTTTTTTTAATT TATTTAGGGGGAATG
TGGTTGTCTTTGGATATACTACAGCGATGGCTATTGAGGAGTATCCTGAGGCATEGGGGGTC. AGC(.:GTT
GAGGTCTTGGTGAGTGTTTTAGTGGGGTTAGCGATGGAGGTAGGATTGETGCTETGGETGAAAGAGT
ATGATGGGEETGGETGETTGTGGTAAACTTTAATAGTGTAGGAAGCTGGATGATTTATGAAGGAGAGGGE
TCAGGGTTGATTCGGGAGGATCCTATTGGTGCGEGGGCTTTGTATGATTATGGECGTTGGTTAGTAGT
AGTTACTGGTTGGACATTGTTTGTTGETGTATATATTGTAATTGAGATTGCTCGGGGGAATTAGGAGCA
CTGGGACGCCCACCGCCCCTTTCCCTCCGUTGCCAGGCGAGCATGTTGTGGTAATTCTGGAACATAA
GAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTC GG TGCTCAGTGATCACTTGACAGTTT
TTTTTTTTTTTAAATATTAGCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAA
AAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTTT
CTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACCACA
CGCACACTCCACATGCCCAGCAGAGTEECACTTGETGGCCAGAAAGTOTGAGCCTCATGATCTGLTG
TCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCCTTCCTTGTGACTGAGLCAG
GGCCTGCATTTTTGOTTITICCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAATAGCT
AGGACCCGGCTGCTGTGCACTGGGACTGGEGATTCCACATGTTTGCCTTGGGAGTCTCAAGCTGGAD
TGCCA

37

opt_COX10-
opt_ND6-
JUTR

ATGGCCGCCTCTCCACACACACTEAGTAGCAGACTGCTGACCGGCTGTGTTGGCGGCTCTGTEGTGGT
ATCTGGAACGGCGGACAATGATGTACGCCCTGTTCCTGCTGAGCGTGGGCCTGETGATGEGCTTCGT
GCGCTT._AGCAG"AACCCCAG"CCCATCTA"C\:CGCCCTGGTJC*GATCGTGAGCGGCGTGGTGGG
GCGTGATCATCCTGAACTTCOGCGGCGEUTACATGGGCCTBATGGTEGTTCCTGATCTACCTGGGE
(;()(,AT(';-n TGGTEGTGTTCGGCTACACCACCGCCATGGCCATCGAGGAGTACCCCGAGGCCTGGGGE
AGCGGCGTGGAGGTGLTGGETCGAGCGTEGCTGGTGGGCCTGBCCATGGAGGTGRGLCTGHTGCTRTG
GGTGAAGGAGTACGACGGCGTGGTGETGGTGETGAACTTCAACAGCGTGGGCAGCTGGATGATCTA
CGAGGGUGAGGGCAGCGGULTGATCCGCGAGGACCCCATCGGCGCCGGCGCCCTGTACGACTACE
GCCGCTGGCTGGTGETGETGACCOGCTGGACCCTGTTCGTGGGCGTGTACATCGTGATCGAGATCG
CCCOCOBCAACTAAGAGCACTGGGACGCCCACCGCCCCTTTCCCTCCGCTGCCAGGCGAGCATGTT
GTGGTAATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCT
CAGTOGATCACTTGACAGTTTTTTTITITITTAAATATTACCCARAAATGUTCCCCAAATAAGAAATGTATC!
GCTCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAAC
CCCACCCTCTATTCTGTTTCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTTGGYTCCA
TCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGEGTGGCCAGAAAGTS
TGAGCCTCATGATCTGCTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGBCCTCGGAGCACCCCCT
TCCTTGTGACTGAGCCAGGGCCTGCATTTTTIGOTTTTCCCCACCCCACACATTCTCAACCATAGTCCTT
CTAACAATACCAATAGCTAGGACCCGGCTGCTEGTGCACTEGGGACTGGGGATTCCACATGTTTGCCTTG
GGAGTCTCAAGCTGGACTGCCAGCCCCTGTCCTCCCTTCACCCCCATTGUGTATGAGCATTTCAGAAC
TCCAAGGAGTCACAGGCATCTTTATAGTTCACGTTAACATATAGACACTGTTGGAAGCAGTTCCTTCTA
ABAGGGTAGCCCTGGACTTAATACCAGCCGGATACCTCTGGLCCCCCACCCCATTACTGTACCTCTGGA
GTCACTACTGTGGGTCGCCACTCCTCTGCTACACAGCACGGCTTTTTCAAGGCTGTATTGAGAAGGGA
AGTTAGGAAGAAGGGTCTGCTGGGCTAACCAGCCCACAGAGCTCACATTCCTGTCCCTTGGETGAAA
AATACATGTCCATCCTGATATCTCCTGAATTCAGAAATTAGCCTCCACATGTGCAATGGCTTTAAGAGC
CAGAAGCAGGGTTCTGGGAATTTTGCAAGTTACCTGTGGCCAGETGTGGTCTCEGTTACCAAATACGG
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TTACCTGCAGCTTTTTAGTCCTTTGTGLTCCCACGEETCTACAGAGTCCCATCTGCCCAAAGGTCTTEA
AGCTTGACAGGATGTTTTCGATTACTCAGTCTCCCAGGGCACTACTGGTCCGTAGBATTCGATTGETC
GGGGTAGGAGAGTTAAACAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGGTAGAT
AACATCCAATCACTGTTTGCACTTATCTGAAATCTTCCCTCTTGGCTGCLCCCAGGTATTTACTGTGGA
GAACATTGCATAGGAATGTCTGGAAAMAGCTTCTACAACTTGTTACAGCCTTCACATTTGTAGAAGCTT

opt_COX10-
opt_ND8-
JUTR*

ATGGCCGCCTCTCCACACACACTGAGTAGCAGACTGCTGACCGGECTGTGTTGGCGECTCTGTGTGET
ATCTGGAACGGBUGGACAATCGATGTACGCCCTGTTCCTGCTCAGCGTGGGCCTGGTGATGGGCTTCGT
GGGCTTCAGCAGCAAGCCCAGCCCCATCTACGOCGGCCTGETGCTGATCGTOAGCGGLETGETGEE
CTGCGTGATCATCCTGAACTTCGGCGGCGGCTACATGEGGCOUTGATGGTGTTCCTGATCTACCTGGGEO
GGCATGATGGTGGTGTTCGGCTACACCACCGLCATGGCCATCGAGGAGTACCCCGAGGLCTEGGEE
AGCGGECOTGCAGGTGCTGGTCAGCGCTGCTCLBTGGGLCTGGCCATGGAGETGGGCCTGGTGCTGTG
GGTGAAGGAGTACGACGECETGETGGTGGTEGETCAACTTCAACAGCGTEGGCAGCTGGATGATCTA
CGAGGGBCOAGGGCAGCGGLCTGATCCGCGAGGACCCCATCGGELGCCGECECCCTGTACGACTACG
GCCOCTGGCTGGETOGTEETCGACCGGCTOCACCCTGTTCCTEOGCEGTGTACATCGTGATCBAGATCG
CCCGCGGCAACTAAGAGCACTGGGACGCCCACCGCCCCTTTCCCTCCGOTGCCAGGCGAGCATGTT
GTGGTAATTCTGGAACACAAGAAGAGAAATTGCTEGGGTTTAGAACAAGATTATAAACGAATTCGETGCT
CAGTGATCACTTGACAGTTTTITTITITTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCA
GCTCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAAC
CCCACCCTCTATTCTGTTTCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTTGETTCC,
TCCTTACCACCACACCACACGTACACTCCACATGCCCAGCAGAGTGGCACTTGGTGOBCCAGAAAGTG
TOAGCCTCATGATCTGCTGTCTGTAGTTICTGTGAGCTCAGGTCCCTCAAAGGCCTCGBAGCACCCCCT
TCCTTGTGACTGAGCCAGGGCCTGCATTTTTGGTTTTCCCCACCCOACACATTICTCAACCATAGTCCTT
CTAACAATACCAATAGCTAGGACCCGGCTGCTGTGCACTGGCACTGGGGATTCCACATGTTTGLCTTG
GGAGTCTCAAGCTGGACTGCCA

39

opt_COX1¢-
ND1-3UTR

ATGGCCGBCCTCTCCACACACACTGAGTAGCAGACTGCTGACCGGCTGTGTTGGCGGCTCTGTGTGGT
ATCTGGAACGGCGGACAATGGCCAACCTCCTACTCCTCATTGTACCCATTCTAATCGCAATGGCATTC
CTAATGCTTACCGAACGAAAAATTCTAGGCTATATGCAACTACGCAAAGGCCCCAACGTTGTAGGLCC
CTACGGGCTACTACAACCCTTCGCTGACGCCATAAAACTCTTCACCAAAGAGCCCCTAAAACCCGCCA
CATCTACCATCACCCTCTACATCACCGCCCCGACCTTAGCTCTCACCATCGCTCTTCTACTATGGACCC
CCCTCCCCATGCCCAACCCCCTGRTCAACCTCAACCTAGGCCTCCTATTTATTICTAGCCACCTCTAGO
CTAGCCGTTTACTCAATCCTCTGGTCAGGGTGGGCATCAAACTCAAACTACGCCCTGATCGGCGCACT
GCCAGCAGTAGCCCAAACAATCTCATATGAAGTCACCCTAGCCATCATTCTACTATCAACATTACTAAT
GAGTGGCTCCTTTAACCTCTCCACCCTTATCACAACACAAGAACACCTCTGGTTACTCCTGCCATCATG
GCCCTTGRCCATGATGTGGTTTATCTCCACACTAGCAGAGACCAACCGAACCCCCTTCGACCTTGCCG
AAGGGOAGTCCGAACTAGTCTCAGGCTTCAACATCGAATACGCCGCAGGCCCCTTCGCCCTATTCTTC
ATGGCOGAATACACAAACATTATTATGATESAACACCOTCACCACTACAATCTTCCTAGGAACAACATAT
GACGCACTCTCCCCTGAACTCTACACAACATATTTTGTCACCAAGACCCTACTTCTAACCTCCCTGTTC
TTATGGATTCGAACAGCATACCCCCGATTCCGCTACGACCAACTCATGCACCTCCTATGGBAAAAACTTC
CTACCACTCACCCTAGCATTACTTATGTGGTATGTCTCCATGCCCATTACAATCTCCAGCATTCCCCCT
CAAACCTAAGAGCACTGGGACGCCCACCGCCCCTTTCCOCTCOCGCTGCCAGGCGAGCATGTTGTGGTA
ATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGA
TCACTTGACAGTTTTTTTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAG
TCAGTCAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACC
CYTCTATTCTGTTTCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTAC
CACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTGTGAGCCT
CATGATCTGCTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCOCTTCCTTGT
GACTGAGCCAGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAA
TACCAATAGCTAGGACCCGGCTGCTGTGCACTCGGACTGGGCATTCCACATCGTTTGCCTTGGGAGTC
TCAAGCTGGACTGLCAGCCCCTGTCCTCCCTTCACCOCCCATTGCGTATGAGCATTTCAGAACTCCAAG
GAGTCACAGGCATCTTTATAGTTCACGTTAACATATAGACACTGTTGGAAGCAGTTCCTTCTAAAAGGEG
TAGCCCTGGACTTAATACCAGCCGEGATACCTCTGBGCCCCCACCCCATTACTGTACCTCTGGAGTCACT
ACTGTGGETCGCCACTCCTCTGCTACACAGCACGGCTTTTTCAAGGCTGTATTGAGAAGGGAAGTTAG
GAAGAAGGGETGTGCTGEGCTAACCAGCCCACAGAGCTCACATTCCTGTCCCTTGGGTEGAAAAATACAT
GTCCATCCTGATATCTCCTOAATTCAGAAATTAGCCTCCACATGTGCAATGGCTTTAAGAGCCAGAAGC
AGGETTCTGGCAATTTTGCAAGTTACCTCTGGCCAGGTGTGGTCTCGETTACCAAATACGGETTACCTG
CAGCTTTTTAGTCCTTTGTGCTCCCACGGGETCTACAGAGTCCCATCTGCCCAAAGGTCTTGAAGCTTG
ACAGGATGTTTTCGATTACTCAGTCTCCCAGGGCACTACTGGTCCGTAGGBATTICGATTGGTCCGGGGTA
GGAGAGTTAAACAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGGTAGATAACATC
CAATCACTGTTTGCACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGGTATTTACTGTGGAGAACAT
TOCATAGGAATGTCTGGAAAAAGCTTCTACAACTTGTTACAGCCTICACATITGTAGAAGCTTT
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opt_COX16-
ND1-3UTR*

PCT/CN2019/094136

ATGGCCGCOCTCTCCACACACACTGAGTAGCAGACTGCTGACCGBCTGTETTGGCGGCTCTGTGTEGT
ATCTGGAACGGCGGAL AATG"C CAACCTCCTACTCCTCATTGTACCCATTCTAATCGCAATGGCATTC
CTAATGCTTACCOAACGAAAAATTCTAGGCTATATGCAACTACGCAAAGGCCCCAACGTTGTAGGCCC
CTACGGGCTACTACAACCCTTCGCTGACGCCATAAAACTCTTCACCAAAGAGCCCCTAAAACCCGCCA
CATCTACCATCACCCTCTACATCACCGCCCCGACCTTAGCTCTCACCATCGCTCTTCTACTATGGACCC
CCCTCCCCATGCCCAACCCCCTGGTCAACCTCAACCTAGGCCTCCTATTTATTCTAGCCACCTCTAGE
CTAGCCGTTTACTCAATCCTCTGGTCAGGGTCGGGCATCAAACTCAAACTACGCCCTGATCGGCGCACT
GCGAGCAGTAGCCCAAACAATCTCATATGAAGTCACCCTAGCCATCATTCTACTATCAACATTACTAAT
GAGTGGCTCCTTTAACCTCTCCACCCTTATCACAACACAAGAACACCTCTGGTTACTCCTGCCATCATG
GCCCTTGGCCATGATGTGGTTTATCTCCACACTAGCAGAGACCAACCGAACCCCCTTCGACCTTIGECG
AAGGGGAGTCCGAACTAGTCTCAGGCTTCAACATCGAATACGCCGCAGGCCCCTTCGCCCTATTCTTC
ATGGCCGAATACACAAACATTATTATGATGAACACCCTCACCACTACAATCTTCCTAGGAACAACATAT
GACGCACTCTCCCCTGAACTCTACACAACATATTTTGTCACCAAGACCCTACTTCTAACCTCCCTGTTC
TTATGGATTCGAACAGCATACCCCCCGATTCCGCTACGACCAACTCATGCACCTCCTATGBAAAAACTTC
CTACCACTCACCCTAGCATTACTTATGTGGTATGTCTCCATGCCCATTACAATCTCCAGCATTCCCCCT
CAAACCTAAGAGCACTGGGACGCCCACCGLCCCTTTCCCTCCGCTEGCCAGGCGAGCATGTTGTGGTA
ATTCTGG/—\ACAu GAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGA
TCACTTGACAG TTTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAG
TCAC GAATA\,AAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATA'" ATCTCTCCTCCAACCCCACT

CTATTCTGTTTCTTCCTCCTCACATCGSGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTAC
C/\CCnCACCA CACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTGTGAGCCT
CATGATCTGCTOTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGBCACCCCCTTCCTTIGT
GACTGAGCCAGGGCCTGCATTTTTGGTTITTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAA
TACCAATAGCTAGGACCCGGCTGUTGTGCACTGGGACTGEGGATTCCACATGTTTGCCTTGGGAGTO
TCAAGCTGGACTGCCA
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opt_COX10-
opt_ND1-
JUTR

ATGGCCGCCTCTCCACACACACTGAGTAGCAGACTGCTGACCGGCTGTGTTGGCGGCTCTGTGTGGT
ATCTGGAACGGCGGACAATGGCCAACCTGCTGCTGCTGATCGTGCCCATCCTGATCGCCATGGCCTTY
CCTBATGCTGACCGAGCGCAAGATCCTGGGCTACATGCAGCTGCGCAAGBGCCCCAACGTEETGEEG
CCCCTACGGCCTGCTGCAGCCCTTCGCCGACGCCATCAAGCTGTTCACCAAGGAGCCCCTGAAGCCC
GCCACCAGCACCATCACCCTBTACATCACCGCOCCCCACCCTGGCCCTCACCATCOBCCCTGCTGOTGT
GGACCCCCCTGCCCATGCCCAACCCCCTOGTGAACCTGAACCTGGGCOCTGCTGTTCATCCTGGCCAC
CAGCAGCCTGOCCOBTGTACAGCATCCTGTEGAGCEGECTCGEELOAGCAACAGCAACTACGCCCTGAT
CGGCGCCCTECBLGLCGTCGECCCAGACCATCAGCTACGAGGTCGACCCTGGECCATCATCCTGCTGAG
CACCCTGCTGATGAGCGGCAGCTTCAACCTGAGCACCCTGATCACCACCCAGGAGCACCTGTGECTG
CTGCTGCCCAGCTGGCCCCTGEUCATGATGTGETTCATCAGCACCCTGGCCEGAGACCAACCGCACT
CCTTCGACCTGGUCGAGGGCGAGAGCGAGCTEGGTGAGCGEGLTTCAACATCGAGTACGCCGCCGGCT
CCTTCGCCCTGTTCTTCATGGUCCGAGTACACCAACATCATCATGATGAACACCCTGACCACCACCATC
TTCCTGGGCACCACCTACGACGCCCTGAGCLCCGAGCTGTACACCACCTACTTCGTGACCAAGALCT
TGCTGCTGACCAGCCTETTICCTGTGGATCCGCACCGLCTACCCCCGCTTCCGCTACGACCAGLTGAT
GCACCTGCTGTGGAAGAACTTCCTGCCCCTGACCCTGGCOCTGCTCGATGTGGTACGTCGAGCATGCCC
ATCACCATCAGCAGCATCCCCCCCCAGACCTAAGAGCACTGGGACGCCCACCGCCCCTTTCCCTCCG
CTGCCAGGLGAGCATETTIGTGGTAATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAACAAGAT
TATAAACGAATTCGGTGCTCAGTGATCACTTGACAGTTTTTITITTITTITTTAAATATTACCCAAAATGCTCC
CCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTT
TATACATCTCTCCTCCAACCCCACCCTCTATTICTGTTTCTTCCTCCTCACATGGGCGETACACATACACA
GCTTCCTCTTTTGGTTCCATCCTTACCACCACACCACACGCACACTCCACATGLCCCAGCAGAGTGGCA
CTTOOTGGCCAGAAAGTGTCAGCCTCATGATCTOCTGTCTGTABTTICTGTGAGCTCAGGTCCCTCAAA
GGLCTCGGAGCACCCCCTTCCTTGTCGACTCGAGCCAGGGCOTGCATTTITGGTTTTCCCCACCCCACA
CATTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGCTGTEGCACTGGGACTEEG
GATTCCACATG GCCTTGGGAGTCTCAAGCTGGACTGCCAGCCCCTGTCCTCCCTTCACCCCCATT
GCGTATGAGCATTTCAGAACTCCAAGGAGTCACAGGCATCTTTATAGTTCACGTTAACATATAGACACT
GTTGGAAGCAGTTCCTTCTAAAAGGETAGCCCTGGACTTAATACCAGCCGGATACCTCTGGCCCCCAC
CCCATTACTGTACCTCTGGAGTCACTACTGTGOGTCBCCACTCCTCTGCTACACAGCACGBCTTTTTC
AAGGCTCTATTGAGAAGGGAAGTTAGGAAGAAGGGTGTGCTGGGCTA}\CCAGCCCACAGAGCTCACA

TCCTGTCCCTTGEETGAAAAATACATGTCCATCCTGATATCTCCTGAATTCAGAAATTAGCCTCCACA
‘!'C"I'GCAATGG"T"]'TAAG/-\GCf.'),L\f:“:A/ﬁ\GCAGGGTTCTGGGAAw TTGCAAGTTACCTGTGGCCAGGTGTS
GTCTCGGTTACCAAATACGGTTACCTGCAGCTTTTTAGTCC GTGCTCCCACGGGTCTACAGAGTC
CCATCTGCCCAAAGGTCTTGAAGCTTGACAGGATGTTTTCGATTACTCAGTCTCCCAGGGBCACTACTG
GTCCGTAGGATTCGATTGGTCGGGGTAGGAGAGTTAAACAACATTTAAACAGAGTTCTCTCAAAAATGT
CTAARAGGGATTGTAGGTAGATAACATCCAATCACTGTTTGCACTTATCTGAAATCTTCCCTCTTGGCTG
COCCCCAGGTATTTACTGTGGAGAACATTGCATAGGAATGTCTGGAAAAAGCTTCTACAACTTGTTACAG
CCTTCACATTTGTAGAAGCTTT
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opt_COX16G-
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ATGGCCGCOCTCTCCACACACACTGAGTAGCAGACTGCTGACCGBCTGTETTGGCGGCTCTGTGTEGT
ATCTGGAACGGCGGAL %TC"C CAACCTGOCTGCTGLTGATCGTGCCCATCCTGATCGCCATGGCCTT
CCTGATGCTGACCGAGCGTAAGATCCTGGGCTACATEGCAGCTGUGCAAGGGCCCCAALGTGETGGE
CCCTACGGCCTGLTGCAGCCCTTCGCLBACGCCATCAAGCTGTTCACCAAGBAGCCCCTGAAGCCC
GCCACCAGCACCATCACCCTGTACATCACCGCCCCCACCCTGGCCCTGACCATCGCCCTGOTGOTGY
GGACCCCCCTGCCCATGCCCAACCCCCTGGTGAACCTGAACCTGGGLCTGOTGTTCATCCTGGCCAC
CAGCAGCCTGGCCGTGTACAGCATCCTCGTGGAGCGGCTGGGCCAGCAACAGCAACTACGCCCTGAT
CGGCGCCCTGOGCGCCGTGGCCCABACCATCAGCTACGAGGTGACCCTGGCCATCATCCTGCTGAG
CACCCTGCTGATGAGCGGCAGCTTCAACCTGAGCACCCTGATCACCACCCAGGAGCACCTGTGGBCTG
TGCTGCCCAGCTGGCCCCTCGCCATGATGTGGTTCATCAGCACCCTGGCCGAGACCAACCGCACCC
COCTTCGACCTGGCCOAGGGCGAGAGCGAGCTGGTGAGCGGCTTCAACATCGAGTACGLCGLCGGCO
CCTTCRCCCTGTTCTICATGGCCGAGTACACCAACATCATCATGATGAACACCCTEGACCACCACCATC
TTCCTGGGCACCACCTACGACGCCCTGAGCCCCCGAGBCTGTACACCACCTACTTCGTGACCAAGACCC
TGCTGCTGACCAGCCTGTTCCTETGGATCCGUACCGCCTACCCCCGCTTCCGCTACGACCAGCTGAT
GCACCTGCTGTGGAAGAACTTCCTGCCCCTGACCCTGGLCCTGLTGATEGTGEGTACGTGAGCATGCCC
ATCACCATCAGCAGCATCCCCCCCCAGATCTAAGAGCACTGOBGACGCCCACCGCCCCTTICCCTCCG
CTGCCAGGCGAGCA'\jT'GTGG"AATTCTCGAAVAC AGA AATTGCTGGGTTTAGAACAAGAT
TATAAACGAATTCGGTGCTCAGTGATCACTTGACAGTT AAATATTACCCAAAATGCTCC
C""AAA"‘L\AGHAATGCATLAuC*CAGTCAG'GAA"‘L\CAﬁAAAAGGAA TTATTTTTCCCTTTGAGGGTCTTT
TATACATCTCTCCTCCAACCCCACCCTCTATICTGTTTCTTCCTCCTCACATGGGGGTACACATACACA
GCTTCCTCTTTTIGGTTCCATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCA
CTTGGTGGCCAGAAAGTOTGAGCCTCATGATCTGCTGTCTCTAGTTCTGTGAGCTCAGGTCCCTCAAA
GGCCTCGGAGCACCCCCTTICCTTGTGACTGAGCCAGGGCCTOCATTTTITGGTTTTCCCCACCCCACA
CATTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGECTGCTEGTGCACTEEGACTGGG
GATTCCACATGTTTGCCTTGGGAGTCTCAAGCTGGACTGCCA
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opt_COX10™
ND4-3'UTR

ATGGCCGCCAGCCCOCACACCCTGAGCAGCCGCCTGCTCACCGELTGCGETGRGCGGCAGCGTETG
GTA L,TF JAC“CGCCC‘n,AC"F\TCC'T'AAAACTA.’-\TCGTC-CCAACAATTATGTTACTACCACTGAC GC
TOGATCAACACAACCACCCACAGCCTAATTATTAGCATCATCCCTCTACT
nTTTTTTAA!.;CAAAT\.«AAC/-\.ACAACCTATTTAGCTGTTCCCCA/—\CCTTTTCCTCCGACCCGGTAACAACG
CCCCTCCTAATGCTAACTACCTGGBCTCCTACCCCTCACAATCATGGCAAGUCAACGCCACTTATCCAG
TGAACCACTATCACGAAAAAAACTCTACCTCTCTATGCTAATCTCCCTACAAATCTCCTTAATTATGACA
TTCACAGVCACAGAACTAATCATGT"TTATATCTTCTTCL:AAACCACACTTATCGCG/—‘\CCTTGGCTATCA
TCACCCGATGGGGCAACCAGCCAGAACGCUTGAACGCAGGCACATACTTCCTATTCTACACCCTAGTA
GGCTCCCTTCCCCTACTCATCGCACTAATTTACACTCACAACACC CTAuC CTCACTAAHCATTC TACTA

TCACTCTCACTGCCCAAGAACTATCAAACTCCTG GGVCAAGAA TTAATGTGG GCTTACACAATG
GCTTTTATGGTAAAGATGCCTCTTTACGGACTCCACTT r*Gf.;TV\.L,TAAAG\.ICCAT' GTCGAAGCCCC
CATCGCTGGGTCAATGGTACTTGCCGCAGTACTCTTAAAACTA"‘C‘CC(’CTAICCTAT"ATG‘CGCCTCA
CACTCATTCTCAACCCCCTGACAAAACACATGGECCTACCCCTTCCTTGTACTATCCCTATEGGGGCATGA
TTATGACAAGCTCCATCTGCCTACGACAAACAGACCTAAAATCGCTCATTGCATACTCTTCAATCAGCC
ACATGGCCCTCGTAGTAACAGCCATTCTCATCCAAACCCCCTGBAGCTTCACCGGCGCAGTCATTCTS
ATGATCGCCCACGGGCTTACATCCTCATTACTATTCTGCCTAGCAAACTCAAACTACGAACGCACTCAC
AGTCGCATCATGATCCTCTCTCAAGGACTTCAAACTCTACTCCCACTAATGGCTTTTTIGGTGGCTTCTA
GCAAGCCTCGCTAACCTCGCCTTACCCCCCACTATTAACCTACTGGGAGAACTCTCTGTGCTAGTAAC
CACGTTCTCCTGGTCAAATATCACTCTCCTACTTACAGGACTCAACATGCTAGTCACAGCCCTATACTC
CCTCTACATGTTTACCACAACACAATGCGEOBCTCACTCACCCACCACATTAACAACATGAAACCCTCATT
CACACGAGAAAACACCCTCATGTTCATGCACCTATCCCCCATTCTCCTCCTATCCCTCAACCCCGACAT
CATTACCGGGTTTTCCTCTTAAGAGCACTGGGACGCCCACCGCCCCTTTCCCTCCBLTGCCAGGCGA
GCATGTTGTGGTAATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATT
COGTGCTCAGTGATCACTTGACAGTTITTITTTTTTTTTTAAATATTACCCAAAATGCTCCCTAAATAAGAA
ATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCT
CCTCCAACCCCACCCTCTATTCTGTTTCTTCCTCCTCACATEOGGGTACACATACACAGCTTCCTOTTT
TGGTTCCATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCC
AGAAAGTGTGAGCCTCATGATCTGCTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAG
CACCCCCTTCCTTGTGACTGAGCCAGGGCCTGCATTTTTGGTITTCCCCACCCCACACATICTCAACC
ATAGTCCTTCTAACAATACCAATAGCTAGGACCCGRCTEGLTGTEGCACTEGGGACTGGGBATTCCACATG
TTTGCCTTGGGAGTCTCAAGCTGGACTGLCAGCCCCTGTCCTCCCTTICACCCCCATTGCGTATGAGCA
TTTCAGAACTCCAAGGAGTCACAGGCATCTTTATAGTTCACGTTAACATATAGACACTGTTGGAAGCAG
TTCCTTCTAAAAGGGTAGCCCTGGACTTAATACCAGCCGGATACCTCTGGCCCCCACCCCATTACTGET
ACCTCTGGAGTCACTACTETGGGTCGCCACTCCTCTGCTACACAGCACGGCTTTTTCAAGGCTGTATY
GAGAAGGGAAGTTAGGAAGAAGGGTGTGCTGGGCTAACCAGCCCACAGAGCTCACATTCCTGTCCCT
TGCETGAAAAATACATGTCCATCCTGATATCTCCTGAATTCAGAAATTAGCCTOCACATGTGCAATGGC
TTTAAGAGCCAGAAGCAGGGTTCTGGGAATTTTGCAAGTTACCTGTGGECCAGETGTGGTCTCGGTTAC
CAAA‘ACCFTTACCTuCACCTTTTTA(‘TCCTTTFTO"TCCCACC’“CTCTACAGAGTCCCATCTGCCCA
AAGGTCTTGAAGCTTGACAGGATGTTTTCGATTACTCAGTCTCCCAGGGECACTACTGGTCCGTAGGAT
TCGATTGGTCGGGETAGGAGAGTTAAACAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATT
GTAGGTAGATAACATCCAATCACTGTTTGCACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGGTAY
TTACTGTGGAGAACATTGCATAGSAATGCTCTOGAAAAAGCTTCTACAACTTGTTACAGCCTTCACATTT
GTAGAAGCTTT
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ATGGCCGCCAGCCCCCACACCCTEAGCAGCCGCCTECTGACCGGCTECETGGELEGCAGLETGTG
GTACCTGGAGCGCCGCACCATGCTAAAACTAATCETCCCAACAATTATGTTACTACCACTGACATGGE
TTTCCAAAARACACATGATTTGGATCAACACAACCACCCACAGCCTAATTATTAGCATCATCCCTCTACT
ATTTTTTAACCAAATCAACAACAACCTATTTAGCTGTTCCCCAACCTTTTCCTCCGACCCCCTAACAACT
CCCCTCCTAATGCTAACTACCTGGCTCCTACCCCTCACAATCATGGCAAGCCAACGCCACTTATCCAG
TGAACCACTATCACGAAAAAAACTCTACCTCTCTATGCTAATCTCCCTACAAATCTCCTTAATTATGACA
TTCACAGCCACAGAACTAATCATSTTTTATATCTTCTTCSAAACCACACTTATCCCCACCTTGGCTATCA
TCACCCGATGGGGCAACCAGCCAGAACGUUTGAACGCAGGCACATACTTCCTATTCTACACCCTAGTA
GGCTCCCTTCCCCTACTCATCGCACTAATTTACACTCACAACACCCTAGGCTCACTAAACATTCTACTA
CTCACTCTCACTGCCCAAGAACTATCAAACTCCTGGGLCAACAACTTAATGTGGCTAGCTTACACAATG
GCTTTTATGGTAAAGATGCCTCTTTACGGACTCCACTTATGGCTCCCTAAAGCCCATEGTCGAAGCCCO
CATCGCTGGGTCAATGGTACTTGCCGCAGTACTCTTAAAACTAGGUGGUTATGGTATGATGCGULTCA
CACTCATTCTCAACCCCCTOACAAAACACATGGCCTACCCCTTCCTTOTACTATCCCTATGGGGCATGA
TTATGACAAGCTCCATCTGCCTACGACAAACAGACCTAAAATCGCTCATTGCATACTCTTCAATCAGCC
ACATGGCCCTCGTAGTAACAGCCATTCTCATCCAAACCCCCTGGAGCTTCACCGGCGCAGTCATTCTC
ATGATCOCCCACGGGUTTACATCCTCATTACTATTCTGCCTAGCAAATTCAAACTACGAACGCACTCAC
AGTCGCATCATGATCCTCTCTCAAGGACTTCAAACTCTACTCCCACTAATGGCTTITTITGGTGGCTTCTA
GCAAGCCTCGCTAACCTCGCCTTACCCCCCACTATTAACCTACTGGGAGAACTCTCTGTGCTAGTAAC
CACGTTCTCCTGGTCAAATATCACTCTCCTACTTACAGGACTCAACATGCTAGTCACAGCCCTATACTC
CCTCTACATGTTTACCACAACACAATGGGGCTCACTCACCCACCACATTAACAACATCAAACCCTCATT
CACACGAGAAAACACCCTCATGTTCATGCACCTATCCCCCATTCTCCTCCTATCCCTCAACCCCGACAT
CATTACCGGGTTTTCCTCTTAAGAGCACTCEGBACGCCCACCGCCCCTTTCCCTCCGCTGCCAGBUGA
GCATGTTGTGGTAATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATT
CGGTGCTCAGTGATCACTTCACAGTITTTTTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAA
ATGCATCAGCTCAGTCAGTGAATACAAALAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCT
CCTCCAACCCCACCCTCTATTCTGTTTCTTCCTCCTCACATGGGEETACACATACACAGCTTCCTCTTT
TEGTTCCATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTEGGCACTTGGETGGCC
AGAAAGTGTGAGCCTCATGATCTGCTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAG
CACCCCCTTCCTTGTGACTGAGCCAGGGCCTGCATTTITGGTTTTCCCCACCCCACACATTCTCAACTC
ATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGCTETGCACTGEGACTGGGGATTCCACATG
TTTGCCTTGGGAGTCTCAAGCTGGACTGLEL,

opt_COX10*-
opt_ND4-
IUTR

ATGGCCGCCAGCCCOCACACCCTGAGCAGCCGCCTGCTBACCGEUTGCGTEGGCGGLAGCGTGETG
GTACCTGGAGCGBLCGCACCATGCTGAAGCTGATCGTGCCCACCATCATGCTGCTGCCTCTGACCTGG
CTGAGCAAGAAACACATCGATCTGCATCAACACCACCACGCACAGLCTGATCATCAGCATCATCCCTCT
GCTGTTCTTCAACCAGATCAACAACAACCTGTTCAGCTGCAGCCCCACCTTCAGCAGUGACCCTCTGA
CAACACCTCTGCTGATGCTGACCACCTGGCTECTGCCCCTCACAATCATGGCCTCTCAGAGACACCTG
AGCAGCGAGCCCCTGAGCCGGAAGAAACTGTACCTGAGCATGCTGATCTCCCTGCAGATCTCTCTGA
TCATGACCTTCACCGCCACCGAGCTGATCATETTCTACATCTTTTTCGAGACAACGCTGATCCCCACAC
TGGCCATCATCACCAGATGEGGUAACCAGCCTCGAGAGACTGAACGCCGGCACCTACTTTICTEGTTICTA
CACCCTCGTGGGCAGCCTGCCACTGUTGATTGCCCTGATCTACACCCACAACACCCTGGGCTCCCTG
AACATCCTGLCTGCTOACACTGACAGCCCAAGAGCTOAGCAACAGCTGGGCCAACAATCTGATGTGGEE
TGGCCTACACAATGGCCTTCATGGTCAAGATGCCCCTGTACGGCCTGCACCTGTGGCTGCCTAAAGC
TCATGTGGAAGCCCCTATCGCCGGCTCTATGGTGCTGGCTGCAGTGCTGCTGAAACTCGGCGGECTAC
GGCATGATGCGGCTGACCCTCGATTCTCAATCCCCTCACCAAGBCACATGGCCTATCCATTTCTGGTSOT
GAGCCTGTGGCBCATGATTATGACCAGCAGCATCTEGUUTGCGGCAGACCGATCTEGAAGTOCCTGATC
GCCTACAGCTCCATCAGCCACATGGCCOCTGGTGGTCACCGCCATCCTCGATTCAGACCLCTTGGAGCT
TTACAGGCGCCGTGATCCTGATGATTGCCCACGGCCTOACAAGCAGBCCTGCTOTTTTGTCTGGCCAA
CAGCAACTACGAGCGGACCCACAGCAGAATCATGATCCTGTCTCAGGGCCTGCAGACCCTCCTGLCT

GGGCGAGCTGAGCGTGCTGGTCACCACATTCAGCTGGTCCAATATCACCCTGCTGCTCACCGGLCCTG
AACATOCTGGTTACAGCCCTGTACTCCCTGTACATETTCACCACCACACAGTGGEGAAGCCTGACACA
CCACATCAACAATATGAAGCCCAGCTTCACCCGCGAGAACACCCTGATGTTCATGCATCTGAGCCCCA
TTICTGCTGCTGTCCCTGAATCCTGATATCATCACCGBCTTCTCCAGCTGAGAGCACTGGEGACGCCCAL
CGCCCCTTTCCCTCOCGUTGCCAGGCGAGCATGTTGTOGTAATTCTGGAACACAAGAAGAGAAATTGCT
GGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTGACAGTTTTTTTTTTTTTTAAAT
ATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAALAAAGGAATTATTTT
TCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTTTCTTCCTCCTCACATS
GGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACCACACGCACACTCCACAT
GCOCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTGTGAGCCTCATGATCTGCTGTCTGTAGTTCTGTG
AGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCCTTCCTTGTGACTCAGCCAGGGBCCTGCATTTITG
GTTTTCCCCACCCCACACATTICTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGLTGCT
GTGCACTGGGACTEGGGGATTCCACATETTTGCCTTGGGAGTCTCAAGCTGGACTGCCAGCCCCTGTC
CTCCCTTCACCCCCATTGCGTATGAGCATTTCAGAACTCCAAGGAGTCACAGGCATCTTTATAGTTCAC
GTTAACATATAGACACTGTTGGAAGCAGTTICCTTCTAARAGGGTAGCCCTGGACTTAATACCAGCCGG
ATACCTCTGGCCCCCACCCCATTACTGTACCTCTGGAGTCACTACTGTGGGETCGCCACTCCTCTGCTA
CACAGCACGGCTTTTTCAAGGCTGTATTGAGAAGGGAAGTTAGGAAGAAGGGBTGTGCTGGGCTAACC
AGCCCACAGAGCTCACATTCCTGTCCCTTGGGTGAAAAATACATGTCCATCCTCATATCTCCTGAATTC
AGAAATTAGCCTCCACATGTGCAATGGCTTTAAGAGCCAGAAGCAGGETTCTGGGAATTTTGCAAGTT
ACCTGTGGCCAGGTGTGGTCTCGGTTACCAAATACGGTTACCTGCAGCTTTTTAGTCCT TGCTCC
CACGGGTCTACAGAGTCCCATCTECCCAAAGBGTCTTGAAGCTTGACAGGATGTTTTCGATTACTCAGT
CTCCCAGGGCACTACTGGTCCGTAGGATTCCGATTGGTCGGGGTAGGAGAGTTAAACAACATTTAAACA
GAGTTCTCTCAAAAATGTCTAAAGEGATTGTAGGTAGATAACATCCAATCACTGTTTGCACTTATCTGA
AATCTTCCCTCTTOGCTGCCCCCAGGTATTTACTE TG GAGAACATTGCATAGCAATG TCTGGAAAAAG
CTTCTACAACTTGTTACAGCCTTCACATTTGTAGAAGETTT
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opt_COX16*
opt_ND4-
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ATGGCCGCCAGCCCCCACACCCTEAGCAGCCGCCTECTGACCGGCTECETGGELEGCAGLETGTG
GTACCTGGAGCGCCGCACCATGCTGAAGCTGATCGTGCCCACCATCATGLTGCTGCCTCTGACCTGG
CTGAGCAAGAAACACATGATCTGGATCAACACCACCACGCACAGCCTCGATCATCAGCATCATCCOTCT
GCTGTTCTTCAACCAGATCAACAACAACCTGTTCAGCTGCAGCCCCACCTTCAGCAGCGACCCTCTGA
CAACACCTCTGCTGATGCTGACCACCTEGCTGCTGCCCCTCACAATCATGBCCTCTCAGAGACACCTTG
AGCAGCGAGCCCCTGAGCCGGAAGAAACTGTACCTGAGCATGCTGATCTCCCTGCAGATCTCTCTGA
TCATGACCTTCACCGCCACCGAGCTCGATCATGTTCTACATCTTTTTCCAGACAACGCTGATCCCCACAC
TGGCCATCATCACCAGATGGGEGCAACCAGCUTGAGAGACTGAACGCCGGCACCTACTTICTGTTCTA
CACCCTCGTGGGCAGCCTGCCACTGCTGATTGCCCTGATCTACACCCACAACACCCTGGGCTCCTTG
AACATCCTGCTGUTGACACTGACAGCCCAAGAGCTGAGCAACAGCTOGGCCAACAATCTGATGTGHE
TGGCCTACACAATGGCCTTCATGGTCAAGATGCOCCTGTACGGCCTGCACCTGTGGCTGCCTAAAGC
TCATGTGGAAGCCCCTATCGCCGRLTCTATGETGCTOGCTGCAGTGCTGUTGAAACTCGGLGGCTAC
GGCATCATGCGGCTCACCCTCGATTCTGAATCCCCTGACCAAGCACATGGCCTATCCATTTCTGGTGCT
GAGCCTGTGGGGCATCGATTATGACCAGCAGCATCTGCCTGUBGCAGACCGATCTGAAGTCCCTGATC
GCCTACAGCTCCATCAGCCACATGGCCCTGEGTGGTCACCGCCATCCTGATTCAGACCCCTTGGAGCT
TTACAGGCGCCGTGATCCTGATGATTGCCCACGGCCTGACAAGCAGCCTGCTGTTTTGTCTGGUCAA
CAGCAACTACGAGCGGACCCACAGCAGAATCATBATCCTGTCTCAGGGCCTGCAGACCCTCCTGCCT
CTTATGGCTTTTTGGTGGCTGCTGGCCTCTCTCGGUUAATCTRGCACTGCUTCCTACCATCAATCTGCT
GGGCGAGCTGAGCGTGCTGEGTCACCACATTCAGCTGGTCCAATATCACCCTGCTGCTCACCGGCCTG
AACATGCTGGTTACAGCCCTGTACTCCCTOGTACATGTTCACCACCACACAGTCGGGAAGCCTGACACA
CCACATCAACAATATGAAGCCCAGCTTCACCCGUGAGAACACCCTGATGTTCATGCATCTGAGCCCCA
TICTGCTGCTGTCCCTBAATCCTCGATATCATCACCGGCTTCTCCAGCTOCAGAGCACTGGBGACGCCCAC
COCCCCTTTCCCTCCGLCTGCCAGGOGAGCATGTTGTGGTAATTCTGGAACACAAGAAGAGAAATTGET
GGGETTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTGACAGTTTTTTTTITTTI TTAAAT
ATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTT
TCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTTTCTTCCTCCTCACATG
GGGGTACACATACACAGCTTICCTCTITTGGTTCCATCCTTACCACCACACCACACGCACACTCCACAT
GCCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTGTGAGCCTCATGATCTGCTGTCTGTAGTTICTGTG
AGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCOCTTCCTTGTGACTGAGCCAGGGLCTBCATTTITIG
GTTTTCCCCACCCCACACATTICTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGLT
GTGCACTGGGACTGGGGATTCCACATGTTTGCCTTGGGAGTCTCAAGCTGGACTGRCA
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opt_COX10*-
opt_ND4™
IUTR

ATGGCCGCCAGCCCOCACACCCTGAGCAGCCGCCTGCTBACCGEUTGCGTEGGCGGLAGCGTGETG
GTACCTGGAGCGBLCGCACCATGCTGAAGCTGATCGTGCCCACCATCATGCTGCTGCCCCTGACCTGG
CTGAGCAAGAAGCACATGATCTGGATCAACACCACCACCCACAGCCTGATCATCAGCATCATCCCCCT
GCTGTTCTTCAACCAGATCAACAACAACCTGTTCAGCTGCAGCCCCACCTTCAGCAGUGACCCCCTGA
CCACCCCCCTGUTGATGCTGACCACCTGGCTGCTGCCCCTGACCATCATGGCCAGCCAGCGCCACCT
GAGCAGCGAGCCCCTGAGCCGCAAGAAGCTGTACCTGAGCATGCTGATCAGCCTGCAGATCAGCLTG
ATCATGACCTTCACCGCCACCCAGLTGATCATETTCTACATCTTICTTCGAGACCACCCTGATCCCCAD
CCTGGCCATCATCACCCGCTGGGGUAACCAGCCCGAGCGCCTGAACGCUGGCACCTACTTCCTGTTC
TACACCCTGGTGGGCAGCCTGCCCCTGCTGATCGCCCTGATCTACACCCACAACACCCTGGGCAGCT
TGAACATCCTGCTGCTGACCCTGACCGLCCCAGGAGUTGAGCAACAGCTOGGCCAACAACCTGATGTG
GCTGGCCTACACCATGGCCTTCATGGTGAAGATGCCCCTGTACGGCCTGCACCTGTGGCTGCCCAAG
GCCCACGTGOAGGCCCCCATCECCEGLAGCATGGTGCTGGLLCGLCETBCTEGCTGAAGCTGGGLEE
CTACGGCATGATGCSCCTGACCCTGATCCTGAACCCCCTGACCAAGCACATGGCCTACCCCTTCCTS
GTGCTGAGCCTETGEGGCATGATCATEGACCAGCAGCATCTGCCTGLCGCCAGACCGACCTGAAGAGC
CTGATCGCCTACAGCAGCATCAGCCACATGGCCCTGGTGGTGACCGCCATCCTGATCCAGACCCCCT
GCGAGCTTCACCGGCGCCGTGATCCTOATGATCGCCCACGGCCTGACCABCAGCCTGCTOTTCTGCCT
GGLCAACAGCAACTACGAGCGCACCCACAGCCGCATCATGATCCTCAGLCAGGGLCTGCAGACCCT
GCTGCCCCTGATGGCCTTCTGETGGCTGCTEGGECCAGCCTRGLCAACCTGBCCCTGCCCCCCACCAT
CAACCTGCTGGGCGAGCTGABCGTGCTGGTGACCACCTTCAGCTGGAGCAACATCACCCTGCTGCTG
ACCGGCCTGAACATGCTEGTGACCGCCCTETACAGCCTGTACATGTTCACCACCACCCAGTGGGEGECA
GCCTGACCCACCACATCAACAACATGAAGCCCAGCTTCACCCGCGAGAACACCCTGATGTTCATGCAL
CTGAGCCCCATCCTGOCTGCTGAGCCTGAACCCCGACATCATCACCOGUTTCAGCAGCTAAGAGCACT
GGGACGCCCACCGCCCCTTTCCCTCCGCTGUCAGBUBAGCATOTTGTGGTAATTCTGGAACACAAGA
AGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTECTCAGTCGATCACTTGACAGTTTTT
TITTTTTTITAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAA
AAGGAATTATTTTTCCCTTTOAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTICTGTTTICT
TCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACCACACG
CACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTETGAGCCTCATGATCTGETGTC
TOTAGTTCTOTGAGCTCAGGTCCCTCAAAGGCCTCGGABCACCCCCTTCCTTGTGACTGAGLCAGES
COTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAG
GACCCGGCTGCTGTGCACTGGGACTGGEBATTCCACATGTTTGCCTTGGGAGTCTCAAGCTGGACTG
CCAGCCCCTGTCCTCCCTTCACCCCCATTGCGTATGAGCATTTCAGAACTCCAAGGAGTCACAGGCAT
CTTTATAGTTCACGTTAAC, TAGACACTGTTGGAAGCAGTTCCTTCTAAAAGGGTAGCCCTGRACTT
AATACCAGCCGGATACCTCTGGCCCCCACCCCATTACTGTACCTCTGGAGTCACTACTGTGGGTCGLC
ACTCCTOTGCTACACAGCACGGCTTTTTCAAGGCTGTATTGAGAAGGGAAGTTAGGAAGAAGGGTGTG
CTGGGCTAACCAGCCCACAGAGCTCACATTCCTGTCCCTTGOGTGAAAAATACATGTCCATCCTGATA
TCTCCTGAATTCAGAAATTAGCCTCCACATETGCAATGGCTTTAAGAGCCAGAAGCAGGGTTCTGGGA
ATTTTGCAAGTTACCTGTGGCCAGGTOTGGTCTCGGTTACCAAATACGGTTACCTGCAGCTTTTTAGTC
CTTTGTGCTCCCACCGGTCTACAGAGTCCCATCTGCCCAAAGGTC AAGCTTGACAGGATGTTTTC
GATTACTCAGTCTCCCAGGGCACTACTGGTCCGTAGGATTICGATTGEGTCGGGGTAGGAGAGTTAAACA
ACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGGTAGATAACATCCAATCACTGTTTGE
ACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGGTATTITACTETGGAGAACATTGCATAGGAATGT
TOCGAAAAAGCTTCTACAACTTGTTACAGCCTTICACATTTGTAGAAGCTTT
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opt_COX16*
opt_ND4*
FUTR
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ATGGCCGCCAGCCCCCACACCCTEAGCAGCCGCCTECTGACCGGCTECETGGELEGCAGLETGTG
GTACCTGGAGCGCCGCACCATGCTGAAGCTGATCGTGCCCACCATCATGLTGCTGCCCCTGACCTGE
CTGAGCAAGAAGCACATGATCTOGATCAACACCACCACCCACAGCCTGATCATCAGCATCATCCCCCT
GCTGTTCTTCAACCAGATCAACAACAACCTGTTCAGCTGCAGCCCCACCTTCAGCAGCGACCCCCTGA
CCACCCCCCTGCTGATGCTGACCACCTGGCTGCTGCCCUTGACCATCATGGCCAGCCAGLGLCACT
GAGCAGCGAGCCCCTGAGCCGCAAGAAGCTGTACCTGAGCATGCTGATCAGCCTGCAGATCAGCCTG
ATCATGACCTTCACCGCCACCGAGCTGATCATGTTCTACATCTTCTTCGAGACCACCCTGATCCCCAC
CCTGGCCATCATCACCCGUTGEGGCAACCAGCCCGAGLGLCTGAACGCUGGLCACCTACTTCCTGTTC
TACACCCTGGTGGGCAGCCTGCCCCTGUTGATCGCCCTBATCTACACCCACAACACCCTGGGCAGCC
TGAACATCCTOCTGCTGACCCTGACCGUCCAGGAGCTGAGCAACAGLTGGGUCAACAACCTGATGTG
GCTGGCCTACACCATGGCOTTCATGEGTGAAGATGCCCCTGTACGGCCTGCACCTGTGGCTGCCOAAG
GCCCACGTGGAGGCCCCCATCGCCGEGLAGCATGGTGCTGRCCGCCETECTGCTGAAGCTGBGCGG
CTACGGCATSATGCGCCTGACCCTGATCCTGAACCCCCTCACCAAGCACATGGCCTACCCCTTCCTG
GTGCTGAGCCTGTGGGGCATCATCATGACCAGCAGCATCTGCCTGCGCCAGACCGACCTGAAGAGC
CTGATCGCCTACAGCAGCATCAGCCACATGGCCCTEGETGETGACCGCCATCCTGATCCAGACCCCCT
GGAGCTTCACCGGCGCCGTBATCCTGATGATCGCCCACGGCCTGACCAGCAGCCTBCTGTTICTGCOT
GGCCAACAGCAACTACGAGCGCACCCACAGCCGCATCATGATCCTGAGCCAGGGCCTGCAGACCCT
GCTGCCCCTGATGGLOCTTCTGGTGGLTGC GGCCAACCTGGCCCTGCCCCCCACCAT
CAACCTGCTGGGCGAGCTGAGCGTGT TGACCACCTTCAGCTGGAGCAACATCACCCTGCTGCTG
ACCGGCCTGAACATGCTGGTGACCGCCCTGTACAGCCTGTACATGTTICACCACCACCCAGTGGGGCA
GCCTGACCCACCACATCAACAACATGAAGCCCAGUTTCACCCGCGAGAACACCCTGATEGTTCATGCAD
CTGAGBCCCCATCCTGCTGCTGAGCCTGAACCOCBACATCATCACCGGCTTCAGCAGUTAAGAGCACT
GGGACGCCCACCGCCCCTTTCCCTCCGUTGCCAGGCGAGCATGTTGTGGTAATTCTGGAACATAAGA
AGAGAAATTGCTCGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTIGACAGTTTTT
TTTTTTTTTAAATATTACCCAAAATGUTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAA
AAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTICTGTTTICT
TCCTCCTCACATGGGGEGTACACATACACAGCTTCCTCTTITTIGGTTCCATCCTTACCACCACACCACACG

TGTAGTTCTGTBAGCTCAGGTCCCTCAAAGGCCTCGBAGCACCCCCTTCCTTGTGACTGAGCCAGGG
CCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAG
GACCCGGLTGCTGTGCACTGGGACTAGGGATTCCACATGTTTGCCTTIGGEAGTCTCAAGCTGGACTG
CCA

opt_COX10™-
NDB-3UTR

ATGGCCGCCAGCCCCCACACCCTGAGCAGCCGCCTGCTGACCGBUTGCETEGGLCGECAGCETGTE
GTACCTGGAGCGCCGCACCATGATGTATCGCTITGTTTCTGTTGAGTGTGGGTTTAGTAATGGGGTTTG
TGGEETITTICTTCTAAGCCTTCTCCTATTTATGGGRGTTTAGTATTGATIGTTAGCGGTGTERTCGGET
GTGTTATTATTCTGAATTTTGGGGGAGGTTATATGGGTTTAATGGTTTTTTTAATTTATTTAGGGGGAAT
GATGGTTGTCTTIGGATATACTACAGCGATGGCTATTGAGBAGTATCCTGAGGCATCGGGEGTCAGGG
GTTGAGGTCTTGEGTGAGTETTTTAGTGGGGTTAGCGATGGAGGTAGGATTGGTGCTGTGGGTGAAAG
AGTATGATGGGETGGTGGTTGTGGTAAACTTTAATAGTGTAGGAAGCTGGATGATTTATGAAGGAGAG
GGGTCAGGGTTGATTCCGGAGGATCCTATTGGTGCEGGGGECTTTGTATGATTATGGGUGTTGGTTAG
TAGTAGTTACTGOTTOBACATIGTTTIGTTIGGTOTATATATTIGTAATTGAGATTGCTCGGGGGAATTAGE
AGCACTGGGACGCCCACCGCCCCTTTCCOCTCCGCTGLCAGGCGAGCATGTTGTGGTAATTCTGGAAC
ACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTGACA
CTTTTTTTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATA
CAAAALAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTG
TTTCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACT
ACACGCACACTCCACATGCCCAGCABAGTGGCACTTGGTCGGCCAGAAAGTECTGAGCCTCATBATCTG
CTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCCTTCCTTGTGACTGAGCO
AGGGCCTGCATTTTTGEGTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAATAG
CTAGGACCCGGCTGOTGTGCACTGGGACTGGGGATTCCACATEGTTTGCCTTGGGAGTCTCAAGCTGG
ACTGCCAGCCCCTGTCCTCCCTTCACCCCCATTGCOTATCGAGCATTTCAGAACTCCAAGGAGTCACAG
GCATCTTTATAGTTCACGTTAACATATAGACACTGTTGGAAGCAGTTCCTTCTAAAAGGGTAGCCCTGG
ACTTAATACCAGCCOBATACCTCTGGBCOCCCACCCCATTACTGTACCTCTGGAGTCACTACTEGTGGGET
CGCCACTCCTCTGCTACACAGCACGGCTTTITTCAAGGCTGTATTGAGAAGGGAAGTTAGGAAGAAGEG
GTGTGCTCGGCTAACCAGCCCACAGAGCTCACATTCCTGTCCCTTGGGTGAAAAATACATGTCCATCC
TGATATCTCCTGAATTCAGAAATTAGCCTCCACATGTGCAATGGCTTTAAGAGCCAGAAGCAGGETTCT
GGOAATTTTGCAAGTTACCTOSTGGCCAGGTCTGBTCTCOGTTACCAAATACGGTTACCTGCAGCTTTT
TAGTCCTTTGTGLCTCCCACGGGTCTACAGAGTCCCATCTGCCCAAAGGTCTTGAAGCTTGACAGGATG
TTTTCGATTACTCAGTCTCCCAGGGCACTACTGGTCCGTAGGATTCCGATTGGTCGGGGTAGGAGAGTT
AAACAACATTTAAACAGAGTTCTCTCAAARMATGTCTAAAGGGATTGTAGGTAGATAACATCCAATCACT
GTTTGCACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGGTATTITACTGTGGAGAACATTGCATAGG
AATGTCTGGAAAAAGCTTCTACAACTTIGTTACAGCCTTCACATTTIGTAGAAGCTTY

opt_COX106*
NDB-3UTR*

ATGGCCGCCAGCCCCCACACCCTEGAGLAGCCGUCTGCTGACCGGUTGCETGGELEGCAGCETGTG
GTACCTGGAGCGCCGCACCATGATGTATGCTTTEGTTTCTGTTGAGTGTGGETTTAGTAATGGGGTTTG
TGGEGTITICTTICTAAGCCTTICTCCTATTTATGGEOGTTTAGTATTGATIGTTAGCGGTGTEGBTCGGGT
GTGTTATTATTCTGAATTTTGGGEGAGG TTATATGGGTTTAATGGTTTTTTTAATTTATTTAGGGGGAAT
GATGGTTGTCTTTGGATATACTACAGCGATGGUTATTGAGGAGTATCCTGAGGCATGGEGGETCAGGG
GTTGAGGTCTTGGTGAGTGTTTTAGTGGGGTTAGCGATGGAGGTAGGATTGGTGCTGTGGGTGAAAG
AGTATGATGGGGETGGTGGTTGTGGTAAACTTTAATAGTGTAGGAAGCTGGATGATTTATGAAGGAGAG
GGGTCAGGGTTGATTCGGGAGGATCCTATTGGTECGGGGECTTTGTATCGATTATGGGCGTTGGTTAG
TAGTAGTTACTGGTTGCGACATTGTTTGTTGEGTOTATATATTGTAATTGAGATTGCTCGGGGGAATTAGE
AGCACTGGGACGCCCACCOCCCCTTTCCCTCCOCTGLCAGGCGAGCATGTTGTGGTAATTCTGGAAC
ACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTGACA
CTTTTTITITITITTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATA
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CAAAALPAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTG
TITCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACT
ACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGETCGCCAGAAAGTGTGAGCCTCATBATCTG
CTGTCTOTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCCTTCCTTGTGACTGAGLO
AGGGCCTGCATTTTTGEGTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAATAG
CTAGGACCCGGCTGCTGTGCACTEGGACTGGOGATTCCACATEGTTTGCCTTGGGAGTCTCAAGCTGG
ACTGCCA

puty

w

opt_COX10%
opt_NDB-
FUTR

ATCGBCCGCCAGCCCCCACACCCTOAGCAGCCGCCTOCTGACCGGCTOLETGGBLGGCAGLETGTG
GTACCTGGAGCGCCGCACCATGATGTACGCCCTGTTCCTGCTGAGCGTGGGCCTGETGATGGGCTTC
GTGOGCTTCAGCAGCAAGCCCAGCCCCATCTACGGLCGBCCTGETGCTGATCGTGAGCGGLETGETG
GGCTGCGTOATCATCCTCGAACTTCGGCGGCGGCTACATOGGCCTCGATGGTGTTCCTGATCTACCTSG
GCOGCATGATGETGETGTTCGGCTACACCACCGCCATGGCCATCGAGGAGTACCCCGAGGCLTGGE
GCAGCGGCGTGBAGGTGCTGETGAGCGTGCTGGTGGECCTGGUCATGGAGGTGEGCCTGETGCTG
TOGGTGAAGGAGTACGACGGCOTGGTCGTOOTGETGAACTTCAACAGLGTGGGCAGCTGGATGATC
TACGAGGGCGAGGGCAGCGGCCTGATCCGCGAGGACCCCATCGGCGLCGGCGECCCTGTACGACTA
CGGCCGLTRGCTGETGETGGTGACCGGCTGGACCCTETTCGTGGGLETGTACATCGTGATCGAGAT
CGCCCGCGGCAACTAAGAGCACTOGGACGCCCACCGCCCCTTTCCCTCCGCTGCCAGGCGAGCATG
TTIGTGETAATTCTGGAACACAAGAAGAGAAATTGCTEEGTTTAGAACAAGATTATAAACGAATTCGEGT
CTCAGTGATCACTTGACAGTTTTTTTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCAT
CAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCA
ACCCCACCCTCTATTCTGTTTCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTITGGTTC
CATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGOTGECCAGAAAG
TCTGAGCCTCATGATCTGCTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCC
CTTCCTTGTGACTGAGCCAGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGTCC
TTCTAACAATACCAATAGCTAGGACCCGGCTGLTGTGCACTGGGACTGGGRATTCCACATGTTTGCCT
TOGGAGTCTCAAGCTGGACTGCCAGCCCCTGTCCTCCCTTCACCCCCATTGUCGTATGAGCATTTCAGA
ACTCCAAGGAGTCACAGGCATCTTTATAGTTCACGTTAACATATAGACACTGTTGGBAAGCAGTTCCTTC
TAAAAGGGTAGCCCTGGACTTAATACCAGCCGGATACCTCTGGCLCCCACCCCATTACTGTACCTCTG
GAGTCACTACTGTGGGTCGLCCACTCCTCTEGCTACACAGCACGGBCTTTTTCAAGGCTGTATTGAGAAGG
GCAAGTTAGGAAGAAGGGTGTCGCTGEGCTAACCAGCCCACAGAGCTCACATTCCTGTCCCTTGGGTGA
AAMAATACATGTCCATCCTGATATCTCCTGAATTCAGAAATTAGCCTCCACATGTGCAATGGCTTTAAGA
GCCAGAAGCAGGGTTCTGGGAATTTTGCAAGTTACCTGTGGCCAGGTGTGGTCTCGGTTACCAAATAC
GGTTACCTGCAGCTITTTAGTCCTTTGTGCTCCCACGHBGTCTACAGAGTCCCATCTGCCCAAAGGTCT
TGAAGCTTGACAGGATGTTTTCGATTACTCAGTCTCCCAGGGLACTACTGGTCCGTAGGATTCGATTG
GTCGGEGETAGGAGAGTTAAACAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGGTA
GATAACATCCAATCACTGTTTGCACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGET.

ATTTACTGT
GGAGAACATTGCATAGGAATGTCTGGAAAAAGCTTCTACAACTTOTTACAGCCTTCACATTTGTAGAAG
CTTT

opt_COX10*-
opt_ND6-
JUTR

ATGGCCGCCAGCCCCCACACCCTGAGCAGCCGLCTGCTGACCGELTGCGTEGGCGEGCAGCGTRTG
GTACCTGGAGCGCCGCACCATGATGTACGCCCTGTICCTGCTGAGCEGTGGEGLLTGGTGATGGGCTTC
GTGGGCTTCAGCAGCAAGCCCAGCCCCATCTACGGCGGCLTGGTGCTCGATCGTCGAGCGGCGTGETG
GGCTGCEGTGATCATCCTGAACTTCGGUGGCEGCTACATGGGLCTCGATGGTGTTCCTGATCTACCTGG
GOGGCATGATGGTGGTETTCGGLTACACCACCGCCATGGCCATCGAGGAGTACCCCGAGGCCTGGG
GCAGCGGECGTGGAGEGTOCTGGTGAGCGTGCTGGTGGGCCTGGCCATGGAGETGGGCCTGGTGCTG
TGCETGAAGCGAGTACGACGGCGTERTCETGGTCGTCAACTTCAACAGCGETEGGCABCTGGBATRBATC
TACGAGGGUGAGGGCAGCGGCCTGATCCGCGAGGACCCCATCGGCGCCGGCGUCCTGTACGACTA
CGGCCGCTCGCTOOTEGGTEETCGACCGGCTGGACCCTGTTCOGTGGGUGTGTACATCGTGATCGAGAT
COCCCOLGGCAACTAAGAGCACTGGGACGCCCACCGLCCCTTTCCCTCCGCTGCCAGGCGAGCATS
TTGTGGTAATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTG
CTCAGTGATCACTTGACAGTTTTTTTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCAT
CAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCA
ACCCCACCCTCTATICTGTTTCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTTGGETIC
CATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGLACTTGGTGGCCAGAAAG
TGTGAGCCTCATGATCTGCTGTCTGTAGTICTGTGAGCTCAGGTCCCTCAAAGGCCTOGBBAGBCACCLEL
CTTCCTTGTGACTGAGCCAGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTICTCAACCATAGTCC
TTCTAACAATACCAATAGCTAGGACCCGGCTGCTETGCACTGGEACTGGGGATTCCACATGTTTGLCT
TEGOAGTCTCAAGCTGGACTGCCA
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ATGGCCGCCAGCCCCCACACCCTEAGCAGCCGCCTECTGACCGGCTECETGGELEGCAGLETGTG
GTACCTGGAGCGCCGCACCATGGCCAACCTCCTACTCCTCATTGTACCCATTCTAATCGCAATGGCAT
TCCTAATGCTTACCGAACGAAAAATTCTAGGCTATATGCAACTACGCAAAGGCCCCAACGTTGTAGGC
CCTACGGGCTACTACAACCCTTCGUTGACGCCATAAAACTCTTCACCARAGAGCCCCTAARACCCGO
CACATCTACCATCACCCTCTACATCACCGCCCCBACCTTAGCTCTCACCATCGCTCTTCTACTATGGAC
CCCCCTCCOCATGCCCAACCCCOTGGTCAACCTCAACCTAGGCCTCCTATTTATTCTAGCCACCTCTA
GCCTAGCCGTTTACTCAATCCTCTGGTCAGGGTCGGCATCAAACTCAAACTACGCCCTGATCGGCGCA
TGCGAGCAGTAGCCCAAACAATCTCATATGAAGTCACCCTAGCCATCATTCTACTATCAACATTACTA
ATGAGTGGCTCCTTTAACCTCTCCACCCTTATCACAACACAAGAACACCTCTGGTTACTCCTGCCATCA
TOGCCCTTGGCCATGATGTGGTTTATCTCCACACTAGCAGAGACCAACCGAACCCCCTTCGACCTTIGC
CGAAGGGGAGTCCGAACTAGTCTCAGGUTTCAACATCGAATACGCCGCAGGCCCCTTCGCCCTATTC
TTCATGGLCGAATACACAAACATTATTATGATGAACACCCTCACCACTACAATCTTCCTAGGAATAACA
TATGACGCACTCTCCCCTGAACTCTACACAACATATTTTGTCACCAAGACCCTACTTCTAACCTCCCTS
TTICTTATGGATTCGAACAGCATACCCCCGATTCCGCTACGACCAACTCATGCACCTCCTATGGAAAAAC
TTCCTACCACTCACCCTAGCATTACTTATGTGGTATGTCTCCATGLCCCATTACAATCTCCAGCATTCCC
CCTCAAACCTAAGAGCACTGGGBACGCCCACCGCCCCTTTCCCTCCGCTGCCAGBUBAGCATGTTGTS
GTAATTCTGGAACACAA AGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAG
TGATCACTTGACAGTTT TTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATECATCAGET
CAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCC
ACCCTCTATTCTGTTTICTTCCTCCTCACATGGGGGETACACATACACAGCTTCCTCTTTTOGTTCCATCC
TTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTIGOTGGCCAGAAAGTGTGA
GCCTCATGATCTOCTGTCTGTAGTTCTGTGAGCTCABGTCCCTCAAABGCCTCGGAGCACCCOCTTCC
TTGTGACTGAGCCAGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTA
ACAATACCAATAGCTAGGACCCGGCTGLTGTGCACTGGGACTGEGGATTCCACATGTTTGCCTTGGEG
AGTCTCAAGCTGGACTGCCAGCCCCTGTCCTCCCTTCACCCCCATTGCGTATGAGCATTTCAGAACTC
CAAGGAGTCACAGGCATCTTTATAGTTCACGTTAACATATAGACACTGTTGGAAGCAGTTCCTTCTAAA
AGGGTAGCCCTGGACTTAATACCAGCCGGATACCTCTGGCCCCCACCCCATTACTOTACCTCTGGAGT
CACTACTGTGGGTCGCCACTCCTCTGCTACACAGCACGGCTTTTTCAAGGUTGTATTGAGAAGGGAAG
TTAGGAAGAAGGGTGTGCTGGGCTAACCAGCCCACAGAGCTCACATTCCTGTCCCTTGGG TGAAAAAT
ACATGTCCATCOCTGATATCTCCTGAATTCAGAAATTAGCCTCCACATGTGCAATGGCTTTAAGAGCCAG
AAGCAGGGTTCTGGGAATTTTGCAAGTTACCTGTEGGCCAGETGTGGTCTCGGTTACCAAATACGGTTA
CCTGCAGCTTTTTAGTCCTTTGTGCTCCCACGBGTCTACAGAGTCCCATCTGCCCAAAGGTCTTGAAG
CTTGACAGGATGTITTCGATTACTCAGTCTCCCAGGGCACTACTGETCCGTAGBATTCGAT
GGTAGGAGAGTTAAACAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGGTAGATAA
CATCCAATCACTGTTTGCACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGGTATTTACTGTGGAGA
ACATTGCATAGCAATSTCTOCAAAAAGCTTCTACAACTTGTTACAGCCTTCACATITGTAGAAGCTTT

opt_COX 10~
NDA-3UTR®

ATGGCOGCCAGCCCLCACACCCTGAGCAGCCGCCTBCTGACCGGCTBUGTGGGCGGCAGCGTGTG
GTACCTGGAGCGCCGCACCATGGCCAACCTCCTACTCCTCATTGTACCCATTCTAATCGCAATGGLAT
TCCTAATGCTTACCGAACGAALAAATTCTAGGCTATATGCAACTACGCAAAGGCCCCAACGTTGTAGGC
CCCTACGGGCTACTACAACCCTTCGCTGACGCCATAAAACTCTTCACCAAAGAGCCCCTAAAACCLGO
CACATCTACCATCACCCTCTACATCACCGCCCCGACCTTAGCTCTCACCATCGCTCTTCTACTATGGAC
CCCCCTCCCCATGCCCAACCCCCTGGTCAACCTCAACCTAGGCCTCCTATTTATTCTAGCCACCTCTA
GCCTAGCCGTTTACTCAATCCTCTGGTCAGGGTGGGCATCAAACTCAAACTACGCCCTGATCGGCGCA
CTGCGAGCAGTAGCCCAAACAATCTCATATCAAGTCACCCTAGCCATCATTCTACTATCAACATTACTA
ATGAGTGGCTCCTTTAACCTCTCCACCCTTATCACAACACAAGAACACCTCTGGTTACTCCTGCCATCA
TGGCCCTTGGCCATGATATGEGTTTATCTCCACACTAGCAGAGACCAACCGAACCCCCTTICGACCTTGC
COAAGGGEAGTCCGAACTAGTCTCAGGCTTCAACATCGAATACGCCGCAGGCCCCTTCGCCCTATIC
TTCATGGCCGAATACACAAACATTATTATGATGAACACCCTCACCACTACAATCTTCCTAGGAATAACA
TATGACGCACTCTCCCCTGAACTCTACACAACATATTTTGTCACCAAGACCCTACTICTAACCTCCCOTSG
TTCTTATGGATTCGAACAGCATACCCCCGATTCCGCTACGACCAACTCATGCACCTCCTATGGAAAAAC
TTCCTACCACTCACCCTAGCATTACTTATGTGGTATGTCTCCATGCCCATTACAATCTCCAGCATTCCC

CCTCAAACCTAAGAGCACTGGGACGCCCACCGCCCCTTTCCCTCCGCTGCCAGGCGAGCATGTTGTSG
GTAATTCTGGAACACAAGAAGAGAAATTGCTCGGETTTAGAACAAGATTATAAACGAATTCGGTGLTCAG
TOATCACTTGACAGTTTTTTTTTTTTITTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGET
CAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCO
ACCCTCTATTCTGTTTCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCYTTTGGTTCCATCC
TTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGCTGGCCAGAAAGTGTGA
GCCTCATGATCTGCTETCTEGTAGTTCTEGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCCTTCC
TTGTGACTGAGCCAGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTA
ACAATACCAATAGCTAGGACCCGGCTGCTGTGCACTGGGACTGGGGATTCCACATGTTTGCCTTGGE
AGTCTCAAGCTGGACTGCCA
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ATGGCCGCCAGCCCCCACACCCTEAGCAGCCGCCTECTGACCGGCTECETGGELEGCAGLETGTG
GTACCTGGAGCGCCGCACCATGGCCAACCTGCTGCTGCTGATCGTGCCCATCCTGATCGCCATGECC
TTCCTGATGCTCGACCBAGCGUCAAGATCCTGGGCTACATGCAGCTGUGBCAAGGGCCCCAACGTGGTG
GGCOCCTACGGCCTGCTGCAGCCCTTCGCCGACGCCATCAAGCTGTTCACCAAGGAGCCCUTGAAD
CCCGCCACCAGCACCATCACCCTGTACATCACCGCCCCCACCOCTGGCCCTGACCATCGCCCTGCTGO

TGTGGACCCCCCTGCCCATGCCCAACCCCCTGOBTGAACCTGAACCTGGGCCTGCTGTTCATCCTGGE
CACCAGCAGCCTGGCCOTGTACAGCATCCTGTOGBAGCGGCTGGGBCCAGCAACAGCAACTACGCCCT
GATCGGCGCCCTGLELECCETGELCCAGACCATCAGCTACGAGGTGACCCTGGCCATCATCCTGCT
GAGCACCCTGCTGATGAGCGGCAGCTTCAACCTGAGCACCCTCGATCACCACCCAGGAGCACCTGTGG

TOCTGCTGCCCAGCTGGCCCCTGGLCATGATGTOGTTCATCAGCACCCTGGCCGABACCAACTGCA
COCCCCTTCGACCTGGLUGAGGGLGAGAGCGAGCTGGTGAGCGGCTTCAACATCGAGTACGCCGCCG
GCCCCTTCGCCCTGTTCTTCATGGCCGAGTACACCAACATCATCATGATGAACACCCTGACCACCACT
ATCTTCCTOGGCACCACCTACGACGCCCTGAGCCCCGAGCTGTACACCACCTACTTCGTGACCAAGA
CCOCTGCTEOTGACCAGCCTETTCCTGTGGATCCGCACCGCCTACCCCCGUT GCTACGACCAGCT
GATGCACCTGCTGTGGAAGAACTTCCTGCCCOTGACCCTGGCCCTGCTGATGTGGTACGTGAGCATG
CCCATCACCATCAGCAGCATCCCCCCCCAGACCTAAGAGCACTGGEACGCCCACCGBCOCOTTTCCCT
CCOCTGCCAGGCGAGCATGTTGTGGTAATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAACAA
GATTATAAACGA, COGRTGCTCAGTGATCACTTGACAGTTTTTTTTTTTTTTAAATATTACCCAAAATGC
TCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTYTGAGGGT
CTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTTTICTTCCTCCTCACATEGGGGGTACACATAC
ACAGCTTCCTCTTITTGGTTCCATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTG
GCACTTGGTGGCCABAAAGTGTGAGCCTCATGATCTGCTGTCTGTAGTTCTGTGAGCTCAGGTCCCTC
AAAGGCCTCGGAGCACCCCCTTCCTTGTGACTGAGCCAGGGCCTGLCATTTTIGGTTTTCCCCACCCC
CACATTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGCTGTGCACTGGGACTG
GGGATTCCACATGTTTGCCTTGGGAGTCTCAAGCTGGACTGCCAGCCCCTGTCCTCCCTTCACCCCCA
TTGCOTATGAGCATTTCAGAACTCCAAGGCAGTCACAGGCATCTTTATAGTTCACGTTAACATATAGACA
CTGTTGGAAGCAGTTCCTTCTAAAAGGGTAGCCCTGGACTTAATACCAGCCGGATACCTCTGGCCCCC
ACCCCATTACTGTACCTCTGGAGTCACTACTGTGGETCGCCACTCCTCTGOTACACAGCACGGCTTTT
TCAAGGCTGTATTCAGAAGGGAAGTTAGGAAGAAGGGETGTGCTGGGCTAACCAGCCCACAGAGCTCA
CATTCCTGTCOOCTTGEGTCGAAAAATACATGTCCATCCTGATATCTCCTGAATTCAGAAATTAGCOTCCA
CATGTGCAATGGLTTTAAGAGCCAGAAGCAGGETTICTGGGAATTTTGCAAGTTACCTGTGGCCAGGTE
TGETCTCGOTTACCAAATACGGTTACCTGCAGCTTTTITAGTCCTTTGTGCTCCCACGGGTCTACAGAGT

CCATCTGCCCAAAGGTCTTGAAGCTTOACAGGATETT GATTACTCAGTCTCCCAGGGCACTACT
GGTCCGTAGGATTCGATTGGTCGGGGTAGGAGAGTTAAACAACATTTAAACAGAGTTCTCTCAAAAAT
GTCTAAAGGGATTGTAGGTAGATAACATCCAATCACTEGTTTGCACTTATCTGAAATCTTCCCTCTTGGL
TOCCCCCAGGTATTTACTGTGGAGAACATTGCATAGGAATGTCTGGAAAAAGCTTCTACAACTTGTTAC
AGCCTTCACATTTGTAGAAGCTTT
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ATGGCCGCCAGCCCOCACACCCTGAGCAGCCGCCTGCTCACCGEUTGCGTGGGCGGCAGCGTGETG
GTACCTGGAGCGUCGCACCATGGLCAACCTGCTGCTGCTGATCGTGCCCATCCTGATCGCCATGGCC
TTCCTGATGCTGACCGAGCGCAAGATCCTGGGCTACATGCAGCTGCGCAAGGGCCCCAACGTBGTS
GGCCCCTACGGCCTGCTGCAGCCLTTCGUCBACGCCATCAAGCTGTTCACCAAGGAGCCCCTGAAG
CCCGCCACCAGCACCATCACCCTGTACATCACCGCCCOCACCCTEGGCOCTGACCATCGCCCTGCTGO
TGTGGACCCCCCTGCCCATGUCCAACCCCCTCGTGAACCTGAACCTGGGCCTGCTGTTCATCCTGGE
CACCAGCAGCCTGGCCGTGTACAGCATCCTGTGGAGCGGCTGGGCCAGCAACAGCAACTACGCCCT
GATCGEGUCGCCCTGCGCGCCGTGGCCCABACCATCAGCTACGAGGTGACCLTGGCCATCATCCTGCT
GAGCACCCTGCTGATGAGCGGCAGCTTCAACCTGAGCACCCTGATCACCACCCAGGAGCACCTGTGS
CTGCTGCTGCCCAGCTGGUCCCTGGCCATGATETGGTTICATCAGCACCCTGGCCGAGACCAACCGCA
CCCCCTTCBACCTGGCCGAGGGCGAGAGCGAGCTGETGAGCGGCTTCAACATCGAGTACGCCGCCG
GCCCCTTCGLCCTGTTCTTCATGGCCGAGTACACCAACATCATCATGATGAACACCCTGACCACCALCC
ATCTTCCTGGGCACCACCTACGACGCCCTGAGCCCCGAGCTGTACACCACCTACTTCGTGACTAAGA
CCCTECTGCTGACCAGCCTGTTCCTGTGGATCCGCACCGOCTACCCCCGCTTICCGCTACGACCAGLT
GATGCACCTGCTGTGGAAGAACTTCCTGCCCCTGACCCTGGCCCTECTGATETGGTACGTGAGCATG
CCCATCACCATCAGCAGBCATCCCCCCCCAGACCTAAGAGCACTGGGACGBCCCACCGCCCCTTTCCCT
CGCTGCCAGGCGAGCATOTTIGTGGTAATTCTGGAACACAAGAAGAGAAATTGCTOGGTTTAGAACAA
GATTATAAACGAATTCGGTGCTCAGTGATCACTTCGACAGTTTTTTTTTTTTTTAAATATTACCCAAAATGC
TCCCCAAATAAGAAATGCATCAGCTCAGTCAGTOAATACAAAAAAGGAATTATTTTTCCCTTTGAGGET
CTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTTTCTTICCTCCTCACATGGGGGTACACATAC
ACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTG
GCACTTGGTGGCCAGAAAGTGTOAGCCTCATGATCTGCTGTCTEGTAGTTCTEGTGAGCTCAGGTCCCTC
AAAGGCCTCGGAGCACCCCCTTCCTTGTCACTGAGCCAGGGCCTGCATTTITGGTTTTCCCCACCCCA
CACATTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCEGCTGCTGTGCACTEGGGACTG
GGGATTCCACATGTTTGCCTTGGGAGTCTCAAGCTGGACTGCCA

35




57

WO 2020/001657

COX8-ND4-
JUTR

PCT/CN2019/094136

ATGTCCGTCCTGACGCEBCCTGCTGCTGCGEEECTTGACACGGCTCEECTCGELEBLTCCAGTELEE
CGCGCCAGAATCCATTCGTTGATGCTAAAACTAATCGTCCCAACAATTATGTTACTACCACTGACATGSG
CTTTCCAAAAAACACATGATTTGGATCAACACAACCACCCACAGCCTAATTATTAGCATCATCCCTCTA
CTATTTTTTAACCAAATCAACAACAACCTATTTAGCTGTTCCCCAACCTTTTCCTCCBACCCCCTAACAA
CCCCCCTCOCTAATGCTAACTACCTGGCTCCTACCCCTCACAATCATGGCAAGCCAACGCCACTTATCC
AGTGAACCACTATCACGAAAAAAACTCTACCTCTCTATGCTAATCTCCCTACAAATCTCCTTAATTATGA
CATTCACAGCCACAGAACTAATCATGTTTTATATCTTCTTCGAAACCACACTTATCCCCACCTTGGCTAT
CATCACCCGATGGEGGCAACCAGCCAGAACGCCTBAACGCAGGCACATACTTCCTATTCTACACCCTA
GTAGGCTCCCTTCCCCTACTCATCGCACTAATTTACACTCACAACACCTCTAGGCTCACTAAACATTCTA
CTACTCACTCTCACTGCCCAAGAACTATCAAACTCCTGGHBUCAACAACTTAATGTOGCTAGCTTACACA
ATGGCTTTTATGGTAAAGATGCCTCTTTACGGACTCCACTTATGGCTCCCTAAAGCCCATGTCGAAGCC
CCCATCGCTGGGTCAATGGTACTTGCCEGCAGTACTCTTAAAACTAGGCGGCTATGGTATGATGCGCCT
CACACTCATTCTCAACCCCCTGACAAAACACATEGGCCTACCCCTTCCTTGTACTATCCCTATGGGGCAT
GATTATGACAAGCTCCATCTGCCTACGACAAACAGACCTAAAATCOCTCATTGCATACTCTTCAATCAG

SCACATGGCCCTCGTAGTAACAGCCATTCTCATCCAAACCCCCTGBAGCTTCACCGGCGCAGTCATTC
TCATGATCGCCCACGGGCTTACATCOTCATTACTATTICTGCCTAGCAAACTCAAACTATGAACGCACTC
ACAGTCGCATCATGATCCTCTCTCAAGGACTTCAAACTCTACTCCCACTAATGGCTTTITTIGGTGGCTTC
TAGCAAGCCTCGCTAACCTCGCCTTACCCCCCACTATTAACCTACTGGGAGAACTCTCTGTGLTAGTA
ACCACGTTCTCCYGGTCAAATATCACTCTCCTACTTACAGGACTCAACATGCTAGTCACAGCCCTATAC
TCCCTCTACATGTTTACCACAACACAATGGGGBCTCACTCACCCACCACATTAACAACATGAAACCCTCA
TTCACACGAGAAAACACCCTCATGTTCATGCACCTATCCCCCATTCTCCTCCTATCCCTCAACCCCGAC
ATCATTACCGGGTTTTCCTCTTAAGAGCACTGGBACGCCCACCGCCCCTTTCCCTCCGUTGCCAGGT
GAGCATGTTGTGGTAATTCTGGAACACAAGAAGAGAAATTGCTOGGTTTAGAACAAGATTATAAACGAA
TTCGGTGCTCAGTBATCACTTGACAGTTTTTTTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAG
AAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCT

TCCTCCAACCCCACCCTCTATTCTGTTTCTTICCTCCTCACATCGGGGTACACATACACAGCTTCCTCT

TTTGGTTCCATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGETGGE
CAGAAAGTGTGAGCCTCATGATCTGCTETCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTOGGEA
GCACCCCCTTCCTTGTGACTGAGCCAGGGCCTGCATITITGGTTTTCCCCACCCCACACATTCTCAAC
CATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGCTGTGCACTGGCGACTEGGGGATTCCACAT
GTTTGCCTTGGGAGTCTCAAGCTGGACTGCCAGCCCCTGTCCTCCCTTCACCCCCATTGCGTATGAGT
ATTTCAGAACTCCAAGGAGTCACAGGCATCTTTATAGTTCACGTTAACATATAGACACTGTTGGAAGCA
GTTCCTTCTAAAAGGGETAGCCCTGGACTTAATACCAGCCGGATACCTCTGGCCCCCACCCCATTACTG
TACCTCTGGAGTCACTACTGTGGGTCGCCACTCCTCTGCTACACAGCACGGCTTTTTCAAGGCTGTAT
TGAGAAGGGAAGTTAGGAAGAAGGGTGTGCTGGGCTAACCAGCCCACAGAGCTCACATTCLTGTECC
TTGGGTGAAAAATACATGTCCATCCTGATATCTCCTGAATTCAGAAATTAGCCTCCACATGTGCAATGG
CTTTAAGAGCCAGAAGCAGEGGTTCTGGBAATTTTGCAAGTTACCTETGGCCAGGTGTGETCTCGETTA
CCAAATACGGTTACCTGCAGCTTTTTAGTCCTTTGTGCTCCCACGGGTCTACAGAGTCCCATCTGCCTC
AAAGGTCTTGAAGCTTCGACAGGATGTTTTCGATTACTCAGTCTCCCAGGGBCACTACTGGTCCGTAGGA
TTCGATTGETCGGGETAGGAGAGTTAAACAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGAT
TGTAGGTAGATAACATCCAATCACTGTTTGCACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGGTA
TTTACTGTGGAGAACATTGCATAGGAATGTCTGGAAAAAGCTTCTACAACTTGTTACAGCCTTCACATTY
TGTAGAAGCTTT
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COKB-ND4-
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ATGTCCGTCCTGACGCGCCTGCTGCTGCOGGGCTTGACACGGCTCGGCTCGGCGGCTCCAGTGCGG
CGCGCCAGAATCCATTCGTTCGATOGCTAAAACTAATCGTCCCAACAATTATGTTACTACCACTGACATGE
CTTTCCAAAAAACACATGATTTGGATCAACACAACCACCCACAGCCTAATTATTAGCATCATCCCTCTA
CTATTTTTTAACCAAATCAACAACAACCTATTTAGCTGTTCCCCAACCTTTTCCTCCGACCCCOTAACAA
CCCCCCTCCTAATGOTAACTACCTGGCTCCTACCCCTCACAATCATGGCAAGCCAACGCCACTTATCC
AGTGAACCACTATCACGAAALAAACTCTACCTCTCTATGCTAATCTCCCTACAAATCTCCTTAATTATGA
CATTCACAGCCACAGAACTAATCATGTTTTATATCTTCTTCGAAACCACACTTATCCCCACCTTGGCTAT
CATCACCCOATGGGGEUAACCAGLCAGAACGBUCTGAACGCAGGEBCACATACTTCCTATTCTACACCCTA
GTAGGCTCCCTTCCCCTACTCATCGCACTAATTTACACTCACAACACCCTAGGCTCACTAAACATTCTA
CTACTCACTCTCACTGCCCAAGAACTATCAAACTCCTGGGCCAACAACTTAATGTGGECTAGCTTACACA
ATGGCTTTTATGGTAAAGATGCCTCTTTACGGACTCCACTTATGGCTCCCTAAAGCCCATGTCGAAGCC
CCCATCGCTGGGTCAATGGTACTTGCCGCAGTACTCTTAAAACTAGGCGECTATGGTATGATGCGCCT
CACACTCATTCTCAACCCCCTGACAAAACACATGGCCTACCCCTTCCYTGTACTATCCCTATGGGGCAT
GATTATGACAAGCTCCATCTGCCTACGACAAACAGACCTAAAATCGCTCATTGCATACTCTTCAATCAG
CCACATGGECCCTCOTAGTAACAGCCATTCTCATCCAAACCCCCTGGAGCTTCACCGGUGCAGTCATTC
TCATGATCGCCCACGGGCTTACATCCTCATTACTATTCTGCCTAGCAAACTCAAACTACGAACGCACTC
ACAGTCGCATCATGATCCTCTCTCAAGGACTTCAAACTCTACTCCCACTAATGGCTTTTTGGTGGCTTC
TAGCAAGCCTCGCTAACCTCGCCTTACCCCCCACTATTAACCTACTEGGAGAACTCTCTGTGCTAGTA
ACCACGTTCTCCTGGTCAAATATCACTCTCCTACTTACAGGACTCAACATGCTAGTCACAGCCCTATAC
TCCCTCTACATGTTTACCACAACACAATGGGGCTCACTCACCCACCACATTAACAACATGAAACCCTCA
TTCACACGAGAAAACACCCTCATETTCATGCACCTATCCCCCATTCTCCTCCTATCCCTCAACCCCGALD
ATCATTACCGGGTTTTCCTCTTAAGAGCACTGGGACGCCCACT TTCCCTCCGCTGLCAGGC
GAGCATGTTGTGGTAATTCTGGAACACAAGAAGAGAAATTIGCTGGGTTTAGAACAAGATTATAAACGAA
TTCOGTGCTCAGTGATCACTTGACAGTTTTTTTITTITTTITAAATATTACCCAAAATGCTCCCCAAATAAG
AAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCT
CTCCTCCAACCCCACCCTCTATTCTGTTTCTTCCTCCTCACATGGGGGTACACATACACAGCYTTCCTCT
TTTGGTTCCATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTIGGTGGC
CAGAAAGTGTGAGCCTCATRATCTGLTGTCTGTAGTTCTGTCGAGCTCAGGTCCCTCAAAGGCCTCGGA
GCACCCCCTTCCTTGTCGACTGAGCCAGGGLLTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAAL
CATAGTCCTTCTAACAATACCAATAGCTAGGACCCGECTGCTOTGCACTGGGACTEGGGBATTCCACAT
GITIGCCTTOGGAGTCTCAAGC TGGACTGCCA

36




59

WO 2020/001657

COX8-
opt_ND4-
FUTR

PCT/CN2019/094136

ATGTCCGTCCTGACGCEBCCTGCTGCTGCGEEECTTGACACGGCTCEECTCGELEBLTCCAGTELEE
CGCGCCAGAATCCATTCGTTGATGCTGAAGCTGATCGTGCCCACCATCATGLTGCTGCCTCTGACCTG
GCTGAGCAAGAAACACATGATCTGGATCAACACTCACCACGCACAGCCTGATCATCAGCATCATCCCTC
TOCTGTTCTTCAACCAGATCAACAACAACCTGTTCAGCTGCAGCCCCACCTTCAGCAGCGACCCTCTG
ACAACACCTCTGCTGATGCTGACCACCTGGCTGCTEGLCCCTCACAATCATGGUCTCTCAGAGACACT
GAGCAGCGAGCCCCTGAGCCGGAAGAAACTGTACCTGAGCATGCTGATCTCCOTGCAGATCTCTCTG
ATCATGACCTTCACCGCCACCGAGCTOCATCATGTTICTACATCTTITTITCCGAGACAACGCTGATCCCCACA
TGGCCATCATCACCAGATGGGEUAACCAGCCTGAGAGACTGAACGCCGGECACCTACTTTCTGTICT
ACACCCTCGTGGGCAGCCTGOCACTGCTGATTGCCCTGATCTACACCCACAACACCCTGGGCTCCCT
GAACATCCTGCTGCTGACACTGACAGCCCAAGAGCTGAGCAACAGCTEGGCCAACAATCTGATGTSSG
TGGCCTACACAATGGCCTTCATGGTCAAGATGCCCCTGTACGGCCTEGCACCTGTGGUTGCCTAAAG
CTCATGTGGAAGCCCCTATCGLCGRLTCTATEGTGCTGGCTRCAGTGCTGCTGAAACTCGGLGGCTA
CGGCATGATGCGGCTGCACCCTGATTCTGAATCCCCTGACCAAGCACATGGCCTATCCATTTCTGGTGC
TGAGCCTCTGGEECATGATTATGACCAGCAGCATCTGCCTGCGGCAGACCOATCTCGAAGTCCCTGAT
CGCCTACAGCTCCATCAGCCACATGGCCCTEGETGGTCACCGCCATCCTGATTCAGACCCCTTGGAGC
TTTACAGGCGCCGTCGATCCTOBATCGATTGCUCACGGCCTCACAAGCAGCCTGCTBTTTTGTCTGGCCAA
CAGCAACTACGAGCGGACCCACAGCAGAATCATBATCCTGTCTCAGGGCCTGCAGACCCTCCTGCCT
CTTATGGCTTTTTGGTGGCTGCTGGCCTCTCTCGGUUAATCTRGCACTGCUTCCTACCATCAATCTGCT
GGGCGAGCTGAGCGTGCTGEGTCACCACATTCAGCTGGTCCAATATCACCCTGCTGCTCACCGGCCTG
AACATGCTGGTTACAGCCCTGTACTCCCTOGTACATGTTCACCACCACACAGTCGGGAAGCCTGACACA
CCACATCAACAATATGAAGCCCAGCTTCACCCGUGAGAACACCCTGATGTTCATGCATCTGAGCCCCA
TICTGCTGCTGTCCCTBAATCCTCGATATCATCACCGGCTTCTCCAGCTOCAGAGCACTGGBGACGCCCAC
COCCCCTTTCCCTCCGLCTGCCAGGOGAGCATGTTGTGGTAATTCTGGAACACAAGAAGAGAAATTGET
GGGETTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTGACAGTTTTTTTTTTTI TTAAAT
ATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTT
TCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTTTCTTCCTCCTCACATG
GGGGTACACATACACAGCTTICCTCTTITTGGTTCCATCCTTACCACCACACCACACGCACACTCCACAT
GCCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTGTGAGCCTCATGATCTGCTGTCTGTAGTTICTGTG
AGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCOCTTCCTTGTGACTGAGCCAGGGLCTBCATTTITIG
GTTTTCCCCACCCCACACATTICTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGELT
GTGCACTGGGACTGGGGATTCCACATGTTTGCCTTGGGAGTCTCAAGCTGGACTGCCAGLLCCTGTC
CYCCCTTCACCCCCATTGCGTATGAGCATTTCAGAACTCCAAGGAGTCACAGGCATCTTTATAGTTCAC
GTTAACATATAGACACTETTGGAAGCAGTTCCTTCTAAAAGGGTAGCCCTGGACTTAATACCAGCCGG
ATACCTCTGGCCCCCACCCCATTACTGTACCTCTGGAGTCACTACTGTGGGTCGCCACTCCTCTGCTA
CACAGCACGGCTTTTTCAAGGCTGTATTGAGAAGGGAAGTTAGGAAGAAGGETGTGCTGGGCTAALC
AGCCCACAGAGCTCACATTICCTGTCCCTTGGGTCGAAAAATACATGTCCATCCTGATATCTCCTGAATTC
AGAAATTAGCCTCCACATGTGCAATGGCTTTAAGAGCCAGAAGCAGGGTTCTGGGAATTTTGCAAGTT
ACCTGTGGCCAGETGTGGTCTCOGTTACCAAATACGGTTACCTGCAGCTTTTTAGTCCT TGCTCC
CACGGGTCTACAGAGTCCCATCTGCCCAAAGGTCTTGAAGCTTGACAGGATGTTTTCGATTACTCAGT
CTCCCAGGGCACTACTGGTCCOGTAGGATTCGATTIGETCGEEETAGGAGAGTTAAACAACATTTAAACA
GAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGGTAGATAACATCCAATCACTGTTTGCACTTATCTGA
AATCTTCCCTCTTGGCTGCCCCCAGBTATTTACTGTGGAGAACATTGCATAGGAATETCTGGAAAAAG
CTTCTACAACTTGTTACAGCCTTCACATTTGTAGAAGCTTT
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FUTR*

ATGTCCGTCCTGACGCGCCTGCTGCTGCOGGGCTTGACACGGCTCGGCTCGGCGGCTCCAGTGCGG
CGCGCCAGAATCCATTCGTTGATGLTGAAGCTGATCGTGCCCACCATCATGCTECTGCCTCTGACCTG
GCTGAGCAAGAAACACATGATCTGGATCAACACCACCACGCACAGCCTGATCATCAGCATCATCCCTC
TGCTGTTCTTCAACCAGATCAACAACAACCTGTTCAGCTGCAGCCCCACCTTCAGCAGCGACCCTCTG
ACAACACCTCTGCTGATGCTGACCACCTGGCTGCTGCCCCTCACAATCATGGCCTCTCAGAGACACCT
GAGCAGCGAGCUCCCTCGAGCCGGAAGAAACTGTACCTGAGCATGCTGATCTCCOTGCAGATCTCTCTG
ATCATGACCTTCACCGCCACCGAGCTGATCATGTTCTACATCTTTTTCGAGACAACGCTGATCCCCACA
CTGGCCATCATCACCAGATEEGGGCAACCAGCCTCAGAGACTGAACGCCGGCACCTACTTTCTGTTICT
ACACCCTCGTGGGCAGCCTGCCACTGCTGATTGCCCTGATCTACACCCACAACACCCTGGGCTCCCT
GAACATCCTGCTGCTGACACTGACAGCCCAAGAGCTGAGBCAACAGCTGGOBUCAACAATCTGATGTGE
CTGGCCTACACAATGGCCTTCATGGTCAAGATGCCCCTGTACGGCCTGCACCTGTGGCTGUCTAAAG
CTCATGTGGAAGCCCCTATCGCCGGCTCTATGETGCTEGGCTGCAGTGCTGCTCGAAACTCGGCGGCTA
CGGCATGATGCGGCTGACCCTGATTCTGAATCCCCTGACCAAGCACATGGCCTATCCATTTCTGGTGE
TOAGCCTGTCGGGCATGATTATGACCAGCAGCATCTGCCTGCGGCAGACCGATCTGAAGTCCCTGAT
CGCCTACAGCTCCATCAGCCACATGGECCCTGGTRGTCACCGCCATCCTGATTCAGACCCCTTGBAGC
TTTACAGGCGCCGTGATCCTGATGATTGCCCACGGCCTGACAAGCAGCCTGCTGTTITIGTCTGGCCAA
CAGCAACTACGAGCGGACCCACAGCAGAATCATGATCCTGTCTCAGGGCCTGCAGACCCTCCTGECCT
CTTATGGCTTTTTGGTGGCTGCTEGECOTCTCTGGCCAATCTGEGCACTGCOTCCTACCATCAATCTGCET
GGGCGAGCTGAGCGTECTGGTCACCACATTCAGCTGGTCCAATATCACCCTGCTGCTCACCGGCCTG
AACATGCTGGTTACAGCCCTGTACTCCCTGTACATGTTCACCACCACACAGTGGGGAAGCCTGACACA
CCACATCAACAATATGAAGCCCAGCTTCACCCGCGAGAACACCCTGATGTTCATGCATCTGAGCCCCA
TTCTGCTGCTGTCCCTGAATCCTGATATCATCACCGGCTTCTCCAGCTGAGAGCACTGGGACGCCCAT
CGCCCCTTTCCCTCCBUTGCCAGGCGAGCATGTTGTOGTAATTCTGGAACACAAGAAGAGAAATTGCT
GCGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTCGACAGTTTTTITTTTTTTITTAAAT
ATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTT
TCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTTTCTTCCTCCTCACATS
GCGGGTACACATACACAGCTTICCTCTTTTGGTTCCATCCTTACCACCACACCACACGCACACTCCACAT
GCCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTGTGAGCCTCATGATCTGCTGTCTGTAGTTCTGTG
AGCTCAGETCCCTCAAAGGCCTCGGAGCACCCCCTTCCTTGTGACTGAGCCAGGGCCTGCATTTITG
GTTTTCCCCACCCCACACATTICTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGET
GIGCACTGGCGACTEGOOGATTCCACATEGTTTGCCTTGGCGAGTCTCAAGLTGGACTGCCA

37




61

WO 2020/001657

COX8-
opt_ND4*
FUTR

PCT/CN2019/094136

ATGTCCGTCCTGACGCEBCCTGCTGCTGCGEEECTTGACACGGCTCEECTCGELEBLTCCAGTELEE
CGCGCCAGAATCCATTCGTTGATGCTGAAGCTGATCGTGCCCACCATCATGLTGCTGLCCCCTGACCT
GGCTGAGCAAGAAGCACATGATCTGGATCAACACCACCACCCACAGCCTGATCATCAGCATCATCCCC
CTGCTGTTCTTCAACCAGATCAACAACAACCTGTTCAGCTGCAGCCCCACCTTCAGLCAGCGACCCCCT
GACCACCCCCCTGCTGATGCTGACCACCTGEGLTGCTGLCCCTGACCATCATGGLCAGCCAGCGCCAC
CTGAGCAGCGAGCCCCTGAGCCGCAAGAAGCTGETACCTGAGCATGCTGATCAGCCTGCAGATCAGCC
TOATCATGACCTTCACCGCCACCOGAGCTGATCATSTTICTACATCTTCTTCGAGACCACCCTGATCGCCC
ACCCTGGCCATCATCACCCGUTGGGEUAACCAGCCCGAGCGCCTGAACGCCGGLACCTACTTCCTGT
TCTACACCCTGGTGGGCAGCCTGCCCCTGCTCGATCGCCCTGATCTACACCCACAACACCCTGGGLAG
CTGAACATCCTGCTGCTOSACCCTBACCGCCCAGGAGCTGAGCAACAGCTGGGCCAACAACCTGATS
TGGCTGGCCTACACCATGGCCTTCATGGTGAAGATGCCCOUTGTACGGCCTGCACCTGTGGCTGCCCA
AGGCCCACETGGAGGCCCCCATCGCCGGLAGCATGETGCTGRCCRCCETGCTGCTGAAGCTGGGT
GGCTACGGCATGATGCGCCTCGACCCTCGATCCTSAACCCCCTGACCAAGCACATGGCCTACCCCTTCC
TGETGCTCGAGCCTOTEEGGCATGATCATCGACCAGCAGCATCTGCCTGCGCCAGACCGACCTEAAGAG
CCTGATCGCCTACAGCAGCATCAGCCACATGGCCCTEGGTGEGTGACCGCCATCCTGATCCAGACCCCO
TOCGAGCTTCACCGGCGUCOTGATCCTGATGATCGCCCACGGCCTGACCAGCAGCCTGCTGTICTGCC
TGGCCAACAGCAACTACGAGCGCACCCACAGCCGLATCATGATCCTGAGCCAGGGCCTGCAGACCCT
GCTGCCCCTGATGGLOCTTCTGGTGGCTCGCTGGCCAGCCTGGCCAACTTGGCCCTEGCOLTCTCCACCAT
CAACCTGCTGGGCGAGCTGAGCGTGT TGACCACCTTCAGCTGGAGCAACATCACCCTGCTGCTG
ACCGGCCTGAACATGCTGGTGACCGCCCTGTACAGCCTGTACATGTICACCACCACCCAGTGGGGCA
GCCTGACCCACCACATCAACAACATGAAGCCCAGUTTCACCCGCGAGAACACCCTGATGTTCATGCAD
CTGAGBCCCCATCCTGCTGCTGAGCCTGAACCOCBACATCATCACCGGCTTCAGCAGUTAAGAGCACT
GGGACGCCCACCGCCCCTTTCCCTCCGCTGCCAGGCGAGCATGTTGTGGTAATTCTGGAACATAAGA
AGAGAAATTGCTCGGGTTTAGAACAAGATTATAAACGAATTCGETGCTCAGTGATCACTTIGACAGTTTTT
TTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAA
AAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTICTGTTTICT
TCCTCCTCACATGGGGEGTACACATACACAGCTTCCTCTTTTIGGTTCCATCCTTACCACCACACCACACG

TGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCOTTCCTTGTGACTGAGCCAGGE
CCTGCATTTITTIGGTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAG
GACCCGGCTGCTETGCACTGGGACTGGGGATTCCACATGTTTGCCTTGGEAGTCTCAAGCTGGACTG
CCAGCCCCTGTCCTCCCTTCACCCCCATTGCGTATGAGCATTTCAGAACTCCAAGGAGTCACAGGCAT
CTTTATAGTTCACGTTAACATATAGACACTGTTGOAAGCAGTTCCTTCTAAAAGGGTAGBCCCTGGACTT
AATACCAGCCGGATACCTCTGGCCCCCACCCCATTACTGTACCTCTGGAGTCACTACTEGTGGGTCGCC
ACTCCTCTGCTACACAGCACGGCTTTTTCAAGGCTGTATTGAGAAGGGAAGTTAGGAAGAAGGGETGTG
CTGGGCTAACCAGCCCACAGAGCTCACATTCCTGTCCCTTGGGTGAAAAATACATGTCCATCCTGATA
TCTCCTGAATTCAGAAATTAGCCTCCACATGTGCAATGGCTTTAAGAGCCAGAAGCAGGGTTCTGGEGA
ATTTTGCAAGTTACCTGTGGCCAGGTGTGGTCTCGGTTACCAAATACGGTTACCTGCAGCTTTTTAGTC
CTTTGTGCTCCCACGGGTCTACAGAGTCCCATCTGCCCAAAGBTCTTGAAGCTTCACAGGATRTTTTC
GATTACTCAGTCTCCCAGGGCACTACTGGTCCGTAGGATTCGATTGGTOGGGGTAGEAGAGTTAAACA
ACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGGTAGATAACATCCAATCACTGTTTGE
ACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGETATITACTEGTGGAGAACATTGCATAGGAATGTC
TGCAAAAAGCTTCTACAACTTIGTTACAGCCTTCACATTTGTAGAAGCTTT

COKE-
opt_ND4*
FUTR*

ATGTCCGTCCTGACGCGCCTGCTGCTGCOGGGCTTGACACGGCTCGGCTCGGCGGCTCCAGTGCGG
CGCGCCAGAATCCATTCGTTGATGCTGAAGCTGATOGTGCCCACCATCATGCTGUTGCCCCTGACCT
GGCTGAGCAAGAAGCACATGATCTGGATCAACACCACCACCCACAGCCTGATCATCAGCATCATCCCC
CTGCTGTTCTTCAACCAGATCAACAACAACCTGTTCAGCTGCAGCCCCACCTTCAGCAGCGACCCCCT
GACCACCCCCCTGCTGATGCTGACCACCTGGCTGUTGCCCCTGACCATCATGGLCAGCCAGCGCCAD
CTGAGCAGCGAGCCOCTGAGCCGLCAAGAAGCTGTACCTGAGCATGCTGATCAGCCTGCAGATCAGCC
TGATCATGACCTTCACCGCCACCGAGCTGATCATGTTCTACATCTTCTTCGAGACCACCCTGATCCCO
ACCCTGGCCATCATCACCCGCTEGOOGCAACCAGCCCCAGCGCCTGAACGCCOGCACCTACTTCCTGT
TCTACACCCTGGTGGGCAGCCTGCCCCTGLTGATCGCCCTGATCTACACCCACAACACCCTGEGCAG
CCTGAACATCOTGCTOBCTGACCCTGACCGCCCAGGAGUTGAGCAACAGCTGBGCCAACAACCTGATG
TOGCTGGCCTACACCATGGCCTTCATOGTGAAGATGCCCCTGTACGGCCTGCACCTGTGGCTGCCCA
AGGCCCACGTGOAGGCCCCCATCACCEGCAGCATGGTECTGGCCGCCGTGCTEGLTGAAGCTGGED
GGCTACGGCATGATGCGCCTGACCCTGATCCTGAACCCCCTGACCAAGCACATGGCCTACCCCYTCC
TOGTGCTGAGCCTGTGGGGCATSATCATGACCAGCAGCATCTGCCTGCGCCAGACCBACCTGAAGAG
CCTGATCGCCTACAGCAGCATCAGCCACATGGECCOCTGGTEGTEACCGCCATCCTGATCCAGACCCCC
TGGAGCTTCACCGGCGLCGTGATCCTGATGATCGCCCACGGCCTGACCAGCAGCCTGCTGTICTGCC
TGGCCAACAGCAACTACGAGCGCACCCACAGCCGCATCATGATCCTGAGCCAGGGCCTGCAGACCCT
GCTGCCCCTGATGGCCTTCTGETGGCTGCTEGECCAGCCTGGCCAACCTEGBCCCTGCCCCCCACCAT
CAACCTGLCTGGGCGAGLTGAGLGTGCTGETGACCACCTTCAGLTGGAGCAACATCACCCTGCTGCTG
ACCGGCCTGAACATGCTOGTGACCGCCCTGTACAGCCTGTACATGTTCACCACCACCCAGTGGGGCA
GCCTGACCCACCACATCAACAACATGAAGCCCAGCTTCACCCGCGAGAACACCCTGATGTTCATGCAC
CTGAGCCCCATCCTGLTGCTGAGCCTGAACCCCGACATCATCACCGGCTTCAGCAGCTAAGAGCACT
GGGACGCCCACCGCCCOCTTTCCCTCCGCTGUCAGGBUGAGCATGTTCTGGTAATTCTGGAACACAAGA
AGAGAAATTGCTGGGCTTTAGAACAAGATTATAAACCAATTCGGTGCTCAGTCATCACTTGACAGTTTTT
TTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAA
AAGGAATTATTTTTCCCTTTOAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTICTGTTTCT
TCCTCCTCACATCGOCGGTACACATACACAGCTTCCTCTTTIGGTTCCATCCTTACCACCACACCACACG
CACACTCCACATGCCCAGCAGAGTGGLACTTGGTGGCCAGAAAGTETGAGCCTCATGATCTGCTGTC
TGTAGTTCTGTGAGCTCAGGTCCCTCAAAGOBCCTCGGAGCACCCCOTTCCTTGTGACTGAGCCAGGS
CCTGCATTTTIGGTTTTCCCCACCCCACACATTICTCAACCATAGTCCTTCTAACAATACCAATAGCTAG
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GACCCOGCTEGCTGTGCACTGGGACTGEGGATTCCACATGTTTGCCTTGGGAGTLTCAAGCTGGACTG

SCA

COX8-NDS-
JUTR

ATGTCCGTCCTGACGCELCTGOTECTGCGEEGECTTGACACGGCTCEGLTCGELGGCTCCAGTELGE
CGCGCCAGAATCCATTCGTTGATCGATGTATGCTTTGTTTCTGTTGAGTGTGGGTTTAGTAATGGGGTTT
GTGEGGTTTTICTTCTAAGCCTTCTCCTATTTATGGGGETTTAGTATTGATTIGTTAGCGGTGTGGBTCGGE
TETGTTATTATTICTGAATTTTGGGGGAGGTTATATGGGTTTAATGGTTTTTTTAATTTATTTAGGGGGAA
TOATGGTTGTCTTTGGATATACTACAGCGATGGCTATTGAGGAGTATCCTGAGGLATGGGGETCAGGG
GTTGAGGTCTTGGTGAGTSTTTTAGTGGGGTTAGCGATGGACGTAGGATTGGTGCTGTGGGTGAAAG
AGTATOATGGGETGGTGGTTGTGGTAAACTTTAATAGTGTAGGAAGCTGGATGATTTATGAAGGAGAG
GGGTCAGGGTTGATTCGGGAGGATCCTATTGGTECEGGGGGCTTTGTATCGATTATGGGCGTTGGTTAG
TAGTAGTTACTGOTTGGACATIGTTIGTTCGTOTATATATIGTAATTIGAGATTGCTCGGGGGAATTAGG
AGCACTGGGACGCCCACCGCCCCTTTCCOCTCCGCTGCCAGGCGAGCATCTTGTGGTAATTCTGGAAC
ACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTGACA
GTTTTTTTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATA
CAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTG
TITCTTCCTCOTCACATGGGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACT
ACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGETCGCCAGAAAGTGTGAGCCTCATBATCTG
CTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCCTTCCTTGTGACTGAGCO
AGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAATAG
CTAGGACCCGGCTGOTGTGCACTGGGACTGGBGATTCCACATEGTTTGCCTTGGGAGTCTCAAGCTGG
ACTGCCAGCCCCTGTCCTCCCTTCACCCCCATTGCCTATGAGCATTTCAGAACTCCAAGGAGTCACAG
GCATCTTTATAGTTCACGTTAACATATAGACACTGTTGGAAGCAGTTCCTTCTAAAAGGGTAGCCCTGG
ACTTAATACCAGCCGGATACCTCTGGCCCCCACCCCATTACTGTACCTCTGGAGTCACTACTGTGGGET
CGCCACTCCTCTGCTACACAGCACGGCTTTITTCAAGGCTGTATTGAGAAGGGAAGTTAGGAAGAAGEG
GTGTGCTGGGCTAACCAGCCCACAGAGCTCACATTCCTGTCCCTTGGGTGAAAAATACATGTCCATCC
TGATATCTCCTGAATTCAGAAATTAGCCTCCACATGTGCAATGGCTTTAAGAGCCAGAAGCAGGGTTCT
GGOAATTTTGCAAGTTACCTGTGGCCAGGTGTGGTCTCGGTTACCAAATACGGTTACCTGCAGCTTTT
TAGTCCTTTGTGCTCCCACGGETCTACAGAGTCCCATCTCGCCCAAAGGTCTTGAAGCTTGACAGGBATG
TTTTCGATTACTCAGTCTCCCAGGGCACTACTGGTCCGTAGGATTCCGATTGGTCGGGGTAGGAGAGTT
APACAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGGTAGATAACATCCAATCACT
GTTTGCACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGGTATTTACTCTGGAGAACATTGCATAGG
AATGTCTGGAAAAAGCTTCTACAACTTIGTTACAGCCTTCACATTTGTAGAAGCTTY

64

COX8-ND6-
3UTR®

ATGTCCGTCCTGACGCECCTGCTGCTGCGEEECTTGACACGGCTCGGCTCGELGBLTCCAGTELEE
CGCGCCAGAATCCATTCGTTGATGATGTATGCTTTIGTTTCTGTTGAGTGTGGETTTAGTAATGGGGETTT
GTGOGGTTTTCTTCTAAGCCTTCTCCTATTTATGGGGETTTAGTATTGATTGTTAGCGGTGTGGTCGGEG
TOTGTTATTATTCTGAATTTTGGGGGAGG TATGOGTTTAATGGTTTTTTTAATTTATTTAGGGGGAA
TGATGGTTGTCTTTGGATATACTACAGCGAT CTATTGAGGAGTATCCTGAGGCATGGGGGTCAGGG
GTTGAGGTCTTGGTGAGTS TAGTGGGGTTAGCGATGCAGGTAGGATTGETGCTGTGGGTGAAAG
AGTATGATGGGGTGGTGGTTGTCGTAAACTTTAATAGTGTAGGAAGCTGGATGATTTATGAAGGAGAG
GCOGTCAGGGTTGATTCGEGBAGGATCCTATTGGTECEGGGECTTTGTATSATTATGGGCGTTGGTTAG
TAGTAGTTACTGGTTGGACATTGTTTGTTGEGTGTATATATTGTAATTGAGATTGCTCGGGGGAATTAGE
AGCACTGGGACGCCCACCBCCCCTTTCCCTCCECTGEGCCAGGCGAGCATCTTGTGGTAATTCTEGAAC
ACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTGACA
CGTTTTTTITITTITTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATA
CAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTG
TTTCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACT
ACACGCACACTCCACATGCCCAGCAGAGTEBCACTTGETGGCCAGAAAGTGTGAGCCTCATGATCTG
CTGTCTGTAGTTCTGOTGAGCTCAGGTCCCTCAAAGGUCTCGBCAGCACCCCCTTCCTTGTGACTGAGLO
AGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTICTCAACCATAGTCCTTCTAACAATACCAATAG
CTAGGACCCGGCTGLTGTGCACTGGGACTGGGGATTCCACATGTTTGCCTTGGGAGTCTCAAGCTGG
ACTGCCA
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ATGTCCGTCCTGACGCEBCCTGCTGCTGCGEEECTTGACACGGCTCEECTCGELEBLTCCAGTELEE
CGCGCCAGAATCCATTCGTTGATGATGTACGCCCTGTTCCTGCTGAGCGTGGGCCTGETGATGGGET
TCGTGGGCTTCAGCAGCAAGCCCAGCCCCATCTACGGCGGCCTGGTGCTCATCEGTGAGLGGCETEG
TOGGCTGLOTGATCATCCTGAACTTCGGUGGLGGCTACATGGGLCTGATGGTGTTCCTGATCTACCT
GGGCGGCATGATGBTEGETGTTCGGCTACACCACCGLCATGGCCATCGAGGAGTACCCCGAGGCLTG
GGGCAGCGGLETGGAGGTGLTGGTGAGCGTGLTGETGGGCCTGGCCATGGAGGTGGGCCTGGTGE
TOTGGGTGAAGGAGTACGACGGCGTGCTCGTGGTGGTGAACTTICAACAGCGTGGGCAGCTGGATGA
TCTACGAGGGCGAGGGECAGCGGELLTGATCCGCGAGGACCCCATCGGCGCCGGLGCCCTETACGAC
TACGGCCGCTGGCTGGTGETGGTGACCGECTGGACCCTGTTCGTCGGECGTGTACATCGTGATCGAG
ATCGCCCGCGGUCAACTAABAGCACTOGGACGCCCACCGCCCCTTTCCCTCCGLTGCCAGGCGAGCA
TGTTGTGGTAATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCG
TGCTCAGTCGATCACTTGACAGTTTTTTTITTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGC
ATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTC
CAACCCCACCCTCTATTICTGTTTICTTCCTCCTCACATGGGEETACACATACACAGCTTCCTCTTTTGGET
TCCATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCCAGAA
AGTGTGAGCCTCATGATCTGCTGTCTCTAGTTCTGTGAGCTCAGBTCCCTCAAAGGBCUTCGGAGCACT
CCCTTCCTTGTGACTGAGCCAGGGCCTGCATTTTT CCCCACCCCACACATTCTCAACCATAGT
CCTTCTAACAATACCAATAGCTAGGACCCBGCTGUTGTGCACTGGGACTGEGGATTCCACATGTTTGC
CTTGGGAGTCTCAAGCTGGACTGCCAGCCCCTGTCCTCCCTYCACCCCCATTGCGTATGAGCATTTCA
GAACTCCAAGGAGTCACAGGCATCTTTATAGTTCACGTTAACATATAGACACTGTTGGAAGCAGTTCCT
TCTAAAAGGGTAGCCCTGGACTTAATACCAGCCGGATACCTCTGGCCCCCACCCCATTACTGTACCTC
TOCAGTCACTACTGTGGGTCGCCACTCCTCTGCTACACAGCACCGCTTTTTCAAGGCTGTATIGAGAA
GGGAAGTTAGGAAGAAGGGTEGTGCTGGGCTAACCAGCCCACAGAGCTCACATICCTGTCCCTTGGGT
GAAAAATACATGTCCATCCTGATATCTCCTGAATTCAGAAATTAGCCTCCACATETGCAATGGCTTTAA
GAGCCAGAAGCAGGETTCTGGGAATTTTGCAAGTTACCTGTGGCCAGGTGTGGTCTCGGTTACCAAAT
ACGGTTACCTGCAGCTTTTTAGTCCTTTGTGCTCCCACGGGTCTACAGAGTCCCATCTGCCCAAAGET
CTTGAAGCTTGACAGGATETTTTCGATTACTCAGTCTCCCAGGGCACTACTGGTCCGTAGGATTCGAT
TGGTCGGGGTAGGAGAGTTAAACAACATT TAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAG
GTAGATAACATCCAATCACTGTTTGCACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGGTATITAC
TOTGGAGAACATTGCATAGCGAATCTCTEGGAAAAAGCTTCTACAACTTGTTACAGCCTTCACATTTGTAG
AAGCTTT

G6

COX8-
opt_ND6-
JUTRY

ATGTCCGTCCTGACGCGCCTECTGCTGCOGGGCTTIGACACGBLTCGGCTCGGCGGCTCCAGTGCGEEG
CGCGCCAGAATCCATTCGTTGATGATGTACGCCCTGTTCCTOCTGAGCGTGGGCCTGGTGATGGGCT
TCOTGEOBCTTCAGCAGCAAGCCCAGCCCCATCTACGGCGGLCTCGTGCTGATCGTGAGCGGCGETGG
TGGGUTGCGTGATCATCCTGAACTTCGGCGGCGGCTACATGGGCCTGATGGTGTTCCTGATCTACCT
GGGCOGCATGATGGTGGTGTTCGGCTACACCACCGUCATGGECCATCGAGGAGTACCCCBAGGECLTG
GGGCAGCGGLGTEGAGGTEGLTGETGAGCGTGCTGBTGGGCCTGGECCATGBAGETGGECCTGETGE
TGTCGGTGAAGCGAGTACGACGEGLETGETGGTEGTEETGAACTTCAACAGCGTGEECAGCTGGATGA
TCTACGAGGGCGAGGGCAGCGGCCTGATCCGCGAGGACCCCATCGGLECCEGCGLCCTGTACGAC
TACGGCOGCTGECTGETGGTEGGTGACCGGCTGGACCCTGTTCGTGGBUGTETACATCGTGATCGAG
ATCGCCCBCGGCAACTAAGAGCACTGGGACGCCCACCGCCCCTTTCCCTCCGCTGLCAGGLGAGTA
TETTGTGGTAATTCTGGAACACAAGAAGAGAAATTGCTOGGTTTAGAACAAGATTATAAACGAATTC GG
TOCTCAGTGATCACTTGACAGTTTITITTITITITTAAATATTACCCAAAATGLTCCCCAAATAAGAAATGC
ATCAGCTCAGTCAGTCAATACAAAAAAGCAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTC
CAACCCCACCCTCTATICTGTTTICTTCCTCCTCACATGEGGGTACACATACACAGCTTCCTCTTTITGGT
TCCATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGLCAGAA
AGTGTGAGCCTCATGATCTGCTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGBAGCACT
CCCTTCCTTGTGACTGAGLCAGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGT

COTTCTAACAATACCAATAGCTAGGEACCCGGUTGCTGTGCACTGGGACTEGGGATTCCACATGTTTGC
CITGGGAGTCTCAAGCTGGACTGCCA

87

COX8-ND1-
JUTR

ATGTCCGTCCTGACGCGCCTGCTGLTGCGGEGCTTGACACGGCTCEGGLTCGGLGGCTCCAGTGLGE
CGCGCCAGAATCCATTCGTTGATGGCCAACCTCCTACTCCTCATTGTACCCATTCTAATCGCAATGGC
ATTCCTAATGCTTACCGAACGAAAAATTCTAGGUTATATGCAACTACGCAAAGGCCCCAACGTTGTAGG
SCCCTACGGGCTACTACAACCCTTCGCTGACGCCATAAAACTCTTCACCAAAGAGCCCCTAAAACCCG
CACATCTACCATCACCCTCTACATCACCGCCCCGACCTTAGCTCTCACCATCGCTCTTCTACTATGGA
COCCCCCTCOCCATGCOCAACCCOCTGGTCAACCTCAACCTAGGCCTCCTATTTATTCTAGCCACCTCT
AGCCTAGCCGTTTACTCAATCCTCTGGTCAGGGTEGGGCATCAAACTCAAACTACGCCCTGATCGGLGT
ACTGCGAGCAGTAGCCCAAACAATCTCATATGAAGTCACCCTAGCCATCATTCTACTATCAACATTACT
AATCAGTGGCTCCTTTAACCTCTCCACCCTTATCACAACACAAGAACACCTCTGGTTACTCCTGCCATC
ATGGCCCTTGGCCATGATGTGGTTTATCTCCACACTAGCAGAGACCAACCGAACCCCCTTCGACCTTG
CCGAAGGGGAGTCCGAACTAGTCTCAGGCTTCAACATCGAATACGCCGCAGGCCCUTTCGBCCCTATT
CTTCATGGCCGAATACACAAACATTATTATGATGAACACCCTCACCACTACAATCTTCCTAGGAACAAC
ATATGACGCACTCTCCCCTGAACTCTACACAACATATTTTGTCACCAAGACCCTACTTCTAACCTCCCT
GTTCTTATGGATTCGAACAGCATACCCCCGATTCOGCTACGACCAACTCATGCACCTCCTATGGAAAA
ACTTCCTACCACTCACCCTAGCATTACTTATGTGGTATGTCTCCATGCCCATTACAATCTCCAGCATTC
CCCCTCAAACCTAAGAGCACTGGGACGCCCACCGCCCCTTICCCTCCGCTGUCAGGCGAGCATETTG
TGGTAATTCTGGAACACAAGAAGAGAAATTGCTEGGETTTAGAACAAGATTATAAACGAATTCGGTGCTC
AGTGATCACTTGACAGTTTTITITTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAG
CTCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACT
CCACCCTCTATTICTGTTTCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTTGETTCCAT
CCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTGT
GAGCCTCATOSATCTGCTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGUCTCGGAGCACCCCCTT
CCTTGTGACTGAGCCAGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTC
TAACAATACCAATAGCTAGGACCCGGCTGCTGTGCACTGGGACTGEGGGATTCCACATGTTTIGCCTTGS
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GAGTCTCAAGCTGGACTGCCAGCCCCTGTCCTCCCTTCACCCCCATTGCGTATGAGCATTTCAGAACT
CCAAGGAGTCACAGGCATCTTTATAGTTCACGTTAACATATAGACACTGTTGGAAGCAGTTCCTTCTAA
AAGGGTAGCCCTGGACTTAATACCAGCCGGATACCTCTGGCCCCCACCCCATTACTGTACCTCTGGA
GTCACTACTGTGGGTCGCCACTCCTCTGCTACACAGCACGGLTTTTTCAAGGCTGTATTGAGAAGGGA
AGTTAGGAAGAAGGETGTGCTEGGGCTAACCAGCCCACAGAGCTCACATTCCTGTCCCTTGGGTGAAA
AATACATGTCCATCCTGATATCTCCTGAATTCAGAAATTAGCCTCCACATGTGCAATGGCTTTAAGAGC
CAGAAGCAGGGTTCTGGGAATTTTGCAAGTTACCTGTGGCCAGGTSTGGTCTCGGTTACCAAATACGG
TTACCTGCAGCTTTTTAGTCCTTTGTGCTCCCACGGGTCTACAGAGTCCCATCTGLCCAAAGGTCTTGA
AGCTTGACAGGATGTTTTCGATTACTCAGTCTCCCAGGGCACTACTGGTCCGTAGEGATTCCGATTGGTC
GGGETAGGAGAGTTAAACAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGGTAGAT
AACATCCAATCACTGTTTGCACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGGTATTTACTGETGGA
GAACATTGCATAGGAATGTCTGGAAAAAGCTTCTACAACTTGTTACAGCCTTCACATTTGTAGAAGCTT

68

COX8-ND1-
JUTR™

ATGTCCGTCCTGACGCGCCTECTGCTECEGEGCTTGACACGELTCGGCTCGGLGGCTCCAGTGLGE
CGCGCCAGAATCCATTCGTTGATGGCCAACCTCCTACTCCTCATTGTACCCATTICTAATCGCAATGGE
ATTCCTAATGCTTACCGAACGAAAAATTCTAGGCTATATGCAACTACGCAAAGGCCCCAACGTTGTAGG
CCCCTACGGGCTACTACAACCCTTCGCTGACGLCATAAAACTCTTCACCAAAGAGCCCCTAAAACCCG
CCACATCTACCATCACCCTCTACATCACCGCCCCGACCTTAGCTCTCACCATCGCTCTTCTACTATGGA
CCCCCCTCCCCATGCCCAACCCCCTGOTCAACCTCAACCTAGGCCTCOCTATITATTCTAGCCACCTCT
AGCCTAGCCGTTTACTCAATCCTCTGGTCAGGGTGGGCATCAAACTCAAACTACGCCCTGATCGGLGE
ACTGCGAGCAGTAGCCCAAACAATCTCATATGAAGTCACCCTAGCCATCATTCTACTATCAACATTACT
AATGAGTGGBCTCCTTTAACCTCTCCACCCTTATCACAACACAAGAACACCTCTGGTTACTCCTGCCATC
ATGGCCCTTGGCCATGATETGGTTTATCTCCACACTAGCAGAGACCAACCGAACCCCCTTCGACCTTG
CCOBAAGGGGAGTCCGAACTAGTCTCAGGCTTCAACATCGAATACGCCGCAGGCCCCTTCGCCCTATT
CTTCATGGCCGAATACACAAACATTATTATGATGAACACCCTCACCACTACAATCTTCCTAGGAACAATD
ATATGACGCACTCTCCCCTBAACTCTACACAACATATTTTGTCACCAAGACCCTACTTCTAACCTCCCT
GTTCTTATGGATTCGAACAGCATACCCCCGATTCCGCTACGACCAACTCATGCACCTCCTATGGAAAA
ACTTCCTACCACTCACCCTAGCATTACTTATGTGGTATGTCTCCATGCCCATTACAATCTCCAGCATTC
CCCCTCAAACCTAAGAGCACTGEEGACGCCCACCGCCCCTTTCCCTOCGUTGCCAGGCGABCATGTTG
TGGTAATTCTGGAACATAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTC
AGTGATCACTTGACAGTTTTTTTTTITTITTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAG

TCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGETCTTTTATACATCTCTCOTCCAACC
CCACCCTOCTATTCTGTITCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTTGGTTCCAT
CCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTGET
GAGCCTCATGATCTGCTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGBAGCACCCCCTT
CCTTGTGACTGAGCCAGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGTLCTTC
TAACAATACCAATAGCTAGGACCCGGECTGCTEGTGCACTGGGACTGGGEGATTCCACATGTTTGCCTTGE
GAGTCTCAAGCTGGACTGCCA

COXs-
opt_ND1-
IUTR

ATGTCCGTCCTGACGCGCCTGLCTGCTGCGGEGECTTGACACGGCTCEGGLTCGGLGGCTCCAGTGLGE
CGCGCCAGAATCCATTCGTTCGATGGCCAACCTEUTGCTOCTGATCEGTGCCCATCCTBATCGCCATGG
CCTTCCTGATGCTRACCGAGCGCAAGATCCTGERCTACATGCAGCTGUGUAAGGGCCCCAACGTGGT
GGGCCCCTACGGCCTGUTGCAGCCCTTCGCCGACGUCATCAAGCTGTTCACCAAGGAGCCCCTGAA
GCCCGCCACCAGCACCATCACCCTGTACATCACCGCCCCCACCCTORCLCTGACCATCGCCCTGCTG
TGTGGACCCCCCTGCCCATGCCCAACCCCCTGGTGAACCTGAACCTGGGCCTGUTGTTCATCCTGG
CCACCAGCAGCCTGGCCETGTACAGCATCCTGTGGAGCGGCTGGGLCAGCAACAGCAACTACGCCC
TOATCGGCGCCCTCCOBCOBCLETCGCCCAGACCATCAGCTACGAGGTGACCCTGBCCATCATCCTGC
TGAGCACCCTGCTGATGAGCGGCAGCTTCAACCTGAGCACCCTGATCACCACCCAGGAGCACCTGTG
GCTGCTGCTGCCCAGCTGGCCCCTGGCCATGATGTGGTTCATCAGCACCCTGGLCGAGACCAACCG
CACCCCCTTCGACCTGOUUBAGGGLGAGAGLGAGCTGGTGAGCGGCTTCAACATCGAGTACGCCGE
CGGCCCCTTCGUCCTGTTCTTCATGGCCGAGTACACCAACATCATCATCGATGAACACCCTGACCACCA
CCATCTTCCTGGGCACCACCTACGACGCCCTGAGCCCCGAGCTGTACACCACCTACTTCGTGACCAA
GACCCTGCTGCTGACCAGCCTGTTCCTOCTGGATCCGCACCGCCTACCCCCGCTTCCGCTACGACCAG
CTGATGCACCTOCTGTGEGAAGAACTTCCTGCCCCTGACCCTORCCCTGCTOATGTGOTACGTGAGCA
TGCCCATCACCATCAGCAGCATCCCCCOCCCAGACCTAAGAGCACTGGGACGCCCACCGCCCCTTTCC
CTCCOCTGCCAGGCCGAGCATGTTGTOGTAATTCTGGAACACAAGAAGAGAAATTGCTGGGETTTAGAAC
AAGATTATAAACGAATTCGOTGCTCAGTGATCACTTGACAGTTTTITTITTTTTTTAAATATTACCCAAAAT
GCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGG
GTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTTTCTTCCTCCTCACATGGGGGTACACAT
ACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAG
TEGCACTTGGTGGUCAGAAAGTGTGAGCCTCATGATCTRCTGTCTGTAGTTCTGTGAGCTCAGGTCCC
TCAAAGGCCTCGGAGCACCCCCTTCOTTGTGACTGAGCCAGGGCCTGCATTTTITGGTTTTCCCCACCO
CACACATTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGCTGTGCACTGGGAC
TOGGGATTCCACATETTTGCCTTGGGAGTCTCAAGCTGGACTECCAGCCCCTGTCCTCCCTTCACCCO
CATTGCGTATGAGCATTTCAGAACTCCAAGGAGTCACAGGCATCTTTATAGTTCACGTTAACATATAGA
CACTGTTGGAAGCAGTTCCTTICTAALAGGGTAGCCCTGGACTTAATACCAGCCGGATACCTCTGGCCC
CACCCCATTACTGTACCTCTGGAGTCACTACTGTGGGTCGCCACTCCTCTGCTACACAGCACGGLTT
TTTCAAGGCTGTATTGAGAAGGGAAGTTAGGAAGAAGGGTGTGCTGGGCTAACCAGCCCACAGAGCT
CACATTCCTGTCCCTTGOGTGAAAAATACATGTCCATCCTGATATCTCCTGAATTCAGAAATTAGCCTC
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CACATGTGCAATCGGCTTTAAGAGCCAGAAGCAGGGTTCTGGGAATTTTGCAAGTTACCTEGTGGCCAGG
TGTGGTCTCGGTTACCAAATACGGTTACCTGCAGCTTTTTAGTCCTTTGTGCTCCCACGGGTCTACAGA
GTCCCATCTGUCCAAAGGTCTTGAAGCTTGACAGGATGTTTTICGATTACTCAGTCTCCCAGGGCATTA
CTGGTCCGTAGGATTCGATTGGTCOGGGTAGGAGAGTTAAACAACATTTAAACAGAGTTCTCTCAAAA
ATGTCTAAAGGGATTGTAGGTAGATAACATCCAATCACTGTTTGCACTTATCTGAAATCTTCCCTCTTG
GCTGCCCCCAGGTATTTACTGTGGAGAACATTGCATAGGAATGTCTGGAAALAGCTTCTACAACTTGTT
ACAGCCTTCACATTTGTAGAAGCTTT

COXa-
opt_ND1-
FUTR™

ATGTCCGTCCTGACGCGCCTECTGCTECEGEGCTTGACACGELTCGGCTCGGLGGCTCCAGTGLGE
CGCGCCAGAATCCATTCGTTGATGGCCAACCTGCTGCTGCTCGATCGTGCCCATCCTGATCGCCATGG
CCTTCCTGATGCTGACCGABCGCAAGATCCTGGGCTACATGCAGCTGCGCAAGGEGBCCCCAACGTEET
GGGCCCCTACGGCCTGCTGCAGCCCTTCGCCGACGCCATCAAGCTGTTCACCAAGGAGLCCCTGAA
GCCCGCCACCAGCACCATCACCCTGTACATCACCGCCCCCACCCTGGCCCTBACCATCGCCCTECTE
CTGTGGACCCCCCTGCCCATGCCCAACCCCCTOGTGAACCTGAACCTGGGCCTGCTOTICATCCTGG
CCACCAGCAGCCTGGCCGTGTACAGCATCCTGTGGAGLGGCTGGGCCAGCAACAGCAACTACGCCT
TEGATCGGCGCCCTGCGCGCCETCGCCCAGACCATCAGCTACGAGGTGACCCTGGCCATCATCCTGT
TOAGCACCCTOUTGATGAGCGGCAGCTTCAACCTGAGCACCCTGATCACCACCCABGABCACCTGTG
GCTGCTGCTGCCCAGCTGGCCCOTGGCCATGATETGETTCATCAGCACCCTGELCGAGACCAACCSG
CACCCCCTTCCGACCTGGCCGAGGGCCAGAGCGAGCTGBTGAGCGGCTTCAACATCGAGTACGCCGC
CGGCCCCTTCGCCCTGTTCTTCATGGLCGAGTACACCAACATCATCATGATGAACACCCTGACCACCA
CCATCTTCCTGGGCACCACCTACGACGCCCTEAGCCOCCGAGCTOTACACCACCTACTTCGTEACCAA
GACCCTGCTGLCTGACCAGCCTGTTCCTETGGATCCEGCACCGCCTACCCCOGUTTCCGCTACGACCAG
TOATGCACCTGCTGTGGAAGAACTTCCTGCCOCTGACCCTGECCCTGUTGATGTGGTACGTGAGCA
TGCCCATCACCATCAGCAGCATCCCCCCCCAGACCTAAGAGCACTGGBACGCCCACCGCCCOTTTCC
CTCCGCTGCCAGGLCGAGCATOTTGTGGTAATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAAC
AAGATTATAAACGAATTCGGTGCTCAGTGATCACTTGACAGTTTTTTTTTTTITTAAATATTACCCAAAAT
GCTCCCCAAATAAGAAATECATCAGCTCAGTCAGTCGAATACAAAAAAGGAATTATTTTTCCCTTTGAGG
GTCTTTTATACATCTCTCCTCCAACCCCACCOCTCTATICTGTTTCTTCCTCCTCACATGGGGGTACACAT
ACACAGCTTCCTCTTTTGOTTCCATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAG
TGGCACTTGGTGGCCAGAAAGTEGTGAGCCTCATGATCTGCTOTCTCTAGTTCTGTGAGCTCAGGTCCC
TCAAAGGCCTCGGAGCACCCCCTTCCTTGTGACTGAGCCAGGGCCTGCATTTITTGGTTTTCCCCACCC
CACACATTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGCTGTGCACTGGGAT
TGGEGATTCCACATGTTTGCCTTSGGAGTCTCAAGCTGGACTGCCA
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SUTR

GTGCTGCCCGCCTAGAAAGGGTGAAGTGGTTGTTTCCGTGACGGBACTGAGTACGGETGCCTGTCAGSG
CTCTTGLGBAAGTCCATGCGCCATTEGBGAGGGCCTCEELOGCEGCTCTETEGLCCTTGCTGCTGAGE
GCCACTTCCTGGGTCATTCCTGEACCGEEAGLCGEGELTGEERLTCACACGEEEGCTLCCGLGTEE
CCOTCTCGBCOCCTGCETCGACCTCCCCGCCGGCCGEATGTEGGUGACTACGTCGGGCCECTGTGEO
CTGATGCTAAAACTAATCGTCCCAACAATTATGTTACTACCACTGACATGGCTTTCCAAAAAACACATG
ATTTGGATCAACACAACCACCCACAGCCTAATTATTAGCATCATCCCTCTACTATTTTTTAACCAAATCA
ACAACAACCTATTTAGCTGTTCCCCAACCTTTTCCTCCGACCCCCTAACAACCCCCCTCCTAATGCTAA
CTACCTGGCTCCTACCCCTCACAATCATGGCAAGCCAACGCCACTTATCCAGTGAACCACTATCACGA
ABAAAACTCTACCTCTCTATGCTAATCTCCCTACAAATCTCCTTAATTATGACATTCACAGCCACAGAAC
TAATCATGTTTTATATCTTCTTCGAAACCACACTTATCCCCACCTTGGCTATCATCACCCGATGGGGLA
ACCAGCCAGAACGCCTGAACGCAGGCACATACTICCTATTICTACACCCTAGTAGGCTCCCTTCCCCTA
TCATCGCACTAATTTACACTCACAACACCCTAGGCTCACTAAACATTCTACTACTCACTCTCACTGCC
CAAGAACTATCAAACTCCTGGGECCAACAACTTAATGTGGCTAGCTTACACAATGGLTTTTATGGTAAAG
ATGCCTCTTTACGGACTCCACTTATGGCTCCCTAAAGCCCATGTCGAAGCCCCCATCGCTGGGTCAAT
GOTACTTGCCGCAGTACTCTTAAAACTAGGCGBCTATGGTATGATGCGCCTCACACTCATTCTCAACC
SCCTGACAAAACACATGGCCTACCCCTTICCTTGTACTATCCCTATGGGGCATCGATTATGACAAGCTCC
ATCTGCCTACGACAAACAGACCTAAAATCGCTCATTGCATACTCTTCAATCAGCCACATGGUCCTCGTA
GTAACAGCCATTCTCATCCAAMACCCCCTGGAGCTTCACCGGCGCAGTCATTCTCATGATCGCCCACGS
GCTTACATCCTCATTACTATTICTGCCTAGCAAACTCAAACTACGAACGCACTCACAGTCGCATCATGAT
CCTCTCTCAAGGACTTCAAACTCTACTCCCACTAATGGCTTTTTGGTGGCTTCTAGCAAGCCTCGCTAA
CCTCGCCTTACCCCCCACTATTAACCTACTOGGABAACTCTCTGTGCTAGTAACCACGTTCTCCTGGT
CAAATATCACTCTCCTACTTACAGGACTCAACATGCTAGTCACAGCCCTATACTCCCTCTACATGTTTA
CCACAACACAATGGGGCTCACTCACCCACCACATTAACAACATGAAACCCTCATTCACACGAGAAAAL
ACCCTCATGTTCATGCACCTATCCCCCATTCTCCTCCTATCCCTCAACCCCGACATCATTACCGGGTTT
TCOTCTTAAGAGCACTGGGACGCCCACCGCCCCTTTCCCTCCGCTECCAGELUGAGCATGTTGTGGETA
ATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGA
TCACTTGACAGTTTTTTITTITTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAG
TCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACT
CTCTATTCTGTTITCTTCCTCCTCACATGEGGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTAC
CACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGLACTTGGTGGLCAGAAAGTGTGAGCCT
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CATGATCTGCTETCTEGTAGTTCTEGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCCTTCCTTIGT
GACTGAGCCAGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAA
TACCAATAGCTAGGACCCGGBUTGCTGTGCACTGOGBACTGGGGATTCCACATGTTTGCCTTGGGAGTC
TCAAGCTOGACTGCCAGCCCCTGTCCTCCCTTCACCCCCATTGCGTATGAGCATTTCAGAACTCCAAG
GAGTCACAGGCATCTTTATAGTTCACGTTAACATATAGACACTGTTGGAAGCAGTTCCTTCTAAAAGGSG
TAGCCCTGGACTTAATACCAGCCGGATACCTCTGGCCCCCACCCCATTACTGTACCTCTGGAGTCACT
ACTGTGGGTCGCCACTCCTCTGCTACACAGCACGGCTTTTTCAAGGCTGTATTGAGAAGGGAAGTTAG
GAAGAAGGGTGTGCTGGGCTAACCAGCCCACAGAGCTCACATTCCTGTCCCTTGGGTGAAAAATACAT
GTCCATCCTGATATCTCCTGAATTCAGAAATTAGCCTCCACATGTGCAATGGCTTTAAGAGCCAGAAGT
AGGGTTCTOGGAATTTTGCAAGTTACCTGTGOCCAGETGTGETCTCGGTTACCAAATACGGTTACCTG
CAGCTTTTTAGTCCTTTGTGCTCCCACGGGTCTACAGAGTCCCATCTGCCCAAAGETCTTGAAGCTTG
ACAGGATGTTTTCGATTACTCAGTCTCCCAGGGCACTACTGETCCGTAGGATTCGATTGGTCGGGGTA
GGAGAGTTAAACAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGGTAGATAACATC
CAATCACTGTTTGCACTTATCTGAAATCTTCCCTCTTGGCTGCCCOCCAGGTATTTACTGTEGAGAACAT
TGCATAGGAATGTCTGGAAAAAGCTTCTACAACTTGTTACAGCCTTCACATTTGTAGAAGCTTT

=
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OPAT-ND4-
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GTGCTGCCCGCCTAGAAAGGGTGAAGTGGETTGTTTCCGTGACGEACTCAGTACGGGTGCCTGTCAGE
CTCTTGCGGAAGTCCATGCGCCATTGGGAGGGCCTCGGCOCGCEGLTCTATGLCCTTGCTGCTGAGG
GCCACTTCCTGGGTCATTCCTGGACCGGGAGCCGGGCTEGGGCTCACACGGGGGLTCCCGLETEH
COCGTCTCGGECECCTGCGTGACCTCCOCGCOCGGCOGGATETGGUGACTACGTCGGGCCGCTETGGT
CTGATGUTAAAACTAATCGTCCCAACAATTATGTTACTACCACTGACATGGCTTTCCAAAAAACACATG
ATTTGGATCAACACAACCACCCACAGCCTAATTATTAGCATCATCCCTCTACTATTTTTTAACCAAATCA
ACAACAACCTATTTAGCTGTTCCCCAACCTTTTCCTCCBACCCCCTAACAACCCCCCTCCTAATGCTAA
CTACCTGGCTCCTACCCOTCACAATCATGGCAAGCCAACGCCACTTATCCAGTGAACCACTATCACG
APAAAACTCTACCTCTCTATGCTAATCTCCCTACAAATCTCCTTAATTATGACATTCACAGCCACAGAAT
TAATCATGTTTTATATCTTCTTCGAAACCACACTTATCCCCACCTTGGCTATCATCACCCGATGGGGCA
ACCAGCCAGAACGCOTGAACGCAGGLACATACTTCCTATTICTACACCCTAGTAGGCTCCCTTCCCCTA

TCATCGCACTAATTTACACTCACAACACCCTAGGCTCACTAAACATTCTACTACTCACTCTCACTGCC
CAAGAACTATCAAACTCCTCGGCCAACAACTTAATGTGGCTAGCTTACACAATGGCTTTTATGGTAAAG
ATGCCTCTTTACGGACTCCACTTATGGCTCCCTAAAGCCCATGTCGAAGCCCCCATCGCTEGGGTCAAT
GGTACTTGCCOBCAGTACTCTTAAAACTAGGCGGCTATCGTATGATGCGCCTCACACTCATTCTCAALC
CCCTGACAAAACACATGGCCTACCCCTTCCTTGTACTATCCCTATGGGGCATGATTATGACAAGCTCO
ATCTGCCTACGACAAACAGACCTAAAATCGCTCATTGCATACTCTTCAATCAGCCACATGELCCTCGTA
GTAACAGCCATTCTCATCCAAACCCCCTGGAGCTTCACCGGCGCAGTCATTCTCATGATCGCCCACGE
GCTTACATCCTCATTACTATTCTGCCTAGCAAACTCAAACTACGAACGCACTCACAGTCGCATCATGAT
CCTCTCTCAAGGACTTCAAACTCTACTCCCACTAATGGCTTTTTIGGTGGCTTICTAGCAAGCCTCGCTAA
CCTCGCCTTACCCCCCACTATTAACCTACTGGGAGAACTCTCTGTGCTAGTAACCACGTTCTCCTGGT
CAAATATCACTCTCCTACTTACAGGACTCAACATGCTAGTCACAGCCCTATACTCCCTCTACATGTTTA
CCACAACACAATCGGGCTCACTCACCCACCACATTAACAACATCAAACCCTCATTCACACGAGAAAAC
ACCCTCATGTTCATGCACCTATCCCCCATTCTCCTCOCTATCCCTCAACCCCGACATCATTACCHGGTTT
TCCTCTTAAGAGCACTGGGACGCCCACCGCCCCTTTCCCTCCGCTGCCAGGLCGAGCATGTTGTGGTA
ATTCTGGAACACAAGAAGAGAMATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGA
TCACTTGACAGTTTITITTITTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAG
TCAGTOGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACC
CTCTATTCTGTTTCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTAC
CACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGRTCGGLCAGAAAGTGTGAGCCT
CATGATCTGCTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCOCTCGGAGCACCCCCTTCCTTGT
GACTGBAGCCAGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAA
TACCAATAGCTAGGACCCGGLTGCTETGCACTGGGACTGGGGATTCCACATGTTTGCCTTGGGAGTC
TCAAGCTGGACTGCCA
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GTGCTGLCCGCCTAGAAAGGGTGAAGTGGTTGTTTCCETGACGGACTGAGTACGGEGBTGCCTGTCAGG
CTCTTGCGGAAGTCCATGCGLCATTGGGAGGGCLTCGGCLGCGGECTCTGTGLCCTTGLTGCTGAGG
GCCACTTCCTGGGTCATTCCTGBACCGBGAGCCEBECTEGBGGCTCACACGGBGEGECTCCCGLGTGE

CGTCTCGGCGCCTGUOTGACCTCCCCGCCGGCGGRATGTGGCCACTACGTCGGBLCGCTGTGGC
CTGATGCTGAAGCTGATCGTGCCCACCATCATEGCTGCTGCCTCTEGACCTGGLTGAGCAAGAAACACAT
GATCTGGATCAACACCACCACGCACAGCCTGATCATCAGCATCATCCCTCTGCTGTTCTTCAACCAGA
TCAACAACAACCTGTTCAGCTGCAGCCCCACCTTCAGCAGCGACCCTCTGACAACACCTCTGCTGATG

TGACCACCTGGCTGCTGCCCCTCACAATCATGGCCTCTCAGAGACACCTGAGCAGCGAGCCCCTGA
GCCGGAAGAAACTGETACCTGAGCATGCTGATCTCCCTGCAGATCTCTCTGATCATGACCTTCACCGCC
ACCBAGCTGATCATGTTCTACATCTTTTTCGAGACAACGCTGATCCCCACACTGGCCATCATCACCAG
ATGGGGCAACCAGCCTGAGAGACTGAACGCCGGCACCTACTTTCTGTTCTACACCCTCGTGGGCAGT
CTGCCACTRCTGATTGCCCTGATCTACACCCACAACACCCTGGGLTCCCTGAACATCCTGCTGCTGAC
ACTGACAGCCCAAGAGCTCGAGCAACAGCTGGGCCAACAATCTCGATGTGGCTEGGCCTACACAATGGCC
TTCATGGTCAAGATGCCCCTGTACGGCCTGCACCTEGTGGCTRCCTAAAGCTCATGTGGAAGCCCCTAT
CGCCGGCTCTATGEGTGCTGGLCTGCAGTGCTGCTGAAACTCGGCEGCTACGGCATGATGCGGCTGAC
CCTGBATTCTGAATCCCCTGACCAAGCACATGGCCT, CATTTCTGGTGCTGAGCCTGTGBGGCATGA
TTATGACCAGCAGCATCTGCCTGCGGCAGACCGATCTGAAGTCCCTGATCGCCTACAGCTCCATCAG
CCACATGGCCCTGEGTGGTCACCGUCATCCTGATTCAGACCCCTTGGAGCTTTACAGGCGCCGTGATC

TGATGATTGCCCACGGCCTGACAAGCAGCCTGCTGTTTIGTCTGGCCAACAGCAACTACGAGLGGA
CCCACAGCAGAATCATCATCCTGTCTCAGGGCCTGCAGACCCTCCTGCCTCTTATGGCTTTTTGGTGG
CTGCTGGCCTCTCTGGCCAATCTGGCACTGCCTCCTACCATCAATCTGCTEGGGCGAGCTGAGCGTGC
TOGTCACCACATTCAGCTGGBTCCAATATCACCCTGCTGUTCACCGBCCTEGAACATGCTGETTACAGCC
CTGTACTCCCTGTACATGTTCACCACCACACAGTGGGGAAGCCTGACACACCACATCAACAATATGAA
GCCCAGCTTCACCCGCGAGAACACCCTCATGTTCATGCATCTGAGCCCCATTCTGLUTGCTEGTCCCTGA
ATCCTGATATCATCACCGGCTTCTCCAGCTGAGAGCACTGGGBACGCCCACCGCCCCTTTICCCYCCGL
TGCCAGGCGAGCATGTTGTGGTAATTCTCGBAACACAAGAAGAGAAATTOCTGGGTTTAGAACAAGATT
ATAAACGAATTCGGTGCTCAGTGATCACTTGACAGTTTTTTTTTTTTTTAAATATTACCCAAAATGCTCC
CCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTT
TATACATCTCTCCTCCAACCCCACCCTCTATTICTGTTTCTTCCTCCTCACATGGGGGTACACATACACA
GCTTCCTCTTTTGGTTCCATCOTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCA
CTTGGTGGCCAGAAAGTGTGAGCCTCATGATCTEGCTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAA
GGCCTCGGAGCACCCCCTTCCTTGTGACTGAGCCAGGGCCTBCATTTITGGTTTTCCCCACCCCACA
CATTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGECTGCTGTGCACTGGBACTGGG
GATTCCACATGTTTGCCTTGGGAGTCTCAAGCTGGACTGCCAGCCCCTGTCCTCCCTTICACCCCCATY
GCGTATGAGCATTTCAGAACTCCAAGGAGTCACAGGCATCTTTATAGTTCACGTTAACATATAGACACT
GTTGCAAGCAGTTCCTTCTAAAAGGGTAGCCCTGGACTTAATACCAGCCGGATACCTCTGGCCCCCAC
COCCATTACTGTACCTCTGGAGTCACTACTGTEGGGTCELCACTOCTCTGCTACACAGCACGGECTTTTTC
AAGGCTGTATTGAGAAGGGAAGTTAGGAAGAAGGGTEGTGCTGGGCTAACCAGCCCACAGAGCTCACA
TTICCTGTCCCTTGGGTCAAAAATACATETCCATCCTBATATCTCCTOAATTCAGAAATTAGCCTCCACA
TGTGCAATGGCTTTAAGAGCCAGAAGCAGGGTTCTGGGAATTTTGCAAGTTACCTGTGGCCAGGTGTE
GTCTCGGTTACCAAATACGGTTACCTGCAGCTTTTTAGTCC GTGCTCCCACGOBGTCTACAGAGTC
CCATCTGCCCAAAGGTCTTGAAGCTTGACAGGATGTTTTCGATTACTCAGTCTCCCAGGGCACTACTG
GTCCGTAGGATTCGATTGGTCGGGCTAGGAGAGTTARACAACATTTAAACAGAGTTCTCTCAAAAATGT
CTAAAGGGATTGTAGGTAGATAACATCCAATCACTGTTTGCACTTATCTGAAATCTTCCCTCTTGGOTG
CCCCCAGGTATTTACTGTGGAGAACATTGCATAGGAATGTCTGGBAAAAAGCTTCTACAACTTGTTACAG
CCTTCACATTTGTAGAAGCTTT
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GTGCTGCCCGCCTAGAAAGGETGAAGTGGTTOSTTTCCGTOACGBACTCAGTACGGGTGCCTGTCAGS
CTCTTGLGGAAGTCCATGCGCCATTGGGAGGGCCTCGGCOGCGGCTCTETGLCCTTGCTGCTGAGG
GCCACTTCCTGGBTCATTCCTEGGACCGGGAGLCGEGCTGGERCTCACACGGRGGCTCCCGCETGE
CCBTCTCGGCGCCTGCETGACCTCCCCGCCOGCGEEATGTGGCGACTACGTCGGGECLGCTHTGGO
CTGATGCTGAAGCTBATCGTGLCCACCATCATGCTGLCTGCCTCTGACCTGGOTGAGCAAGAAATACAT
GATCTGGATCAACACCACCACGCACAGCCTGATCATCAGCATCATCCCTCTECTGTTCTTCAACCAGA
TCAACAACAACCTGTTCAGCTGCAGCCCCACCTTCAGCAGCGACCCTCTCGACAACACCTCTGOTGATG
CTGACCACCTGGCTGCTGCCCOCTCACAATCATGGLCCTCTCAGAGACACCTGAGCAGCGAGCCCCTGA
GCCGOBAAGAAACTGTACCTGAGCATGCTGATCTCCCTGCAGATCTCTCTGATCATGACCTTCACCGCC
ACCGAGCTGATCATGTTCTACATCTTTTTCGAGACAACGCTGATCCCCACACTGGLCATCATCACCAG
ATCGGGCGCAACCAGCCTGAGAGACTGAACGBCCGGCACCTACTTTCTGTTCTACACCCTCGTGGGCAGC
TGCCACTGCTGATTGCCCTGATCTACACCCACAACACCCTGRGCTCCCTGAACATCCTGCTGCTGAD
ACTGACAGCCCAAGAGCTGAGCAACAGCTGGGCCAACAATCTGATGTGGCTGGCCTACACAATGGCC
TTCATGGTCAAGATGCCCCTGTACGGCCTGCACCTETGBCTGCCTAAAGCTCATEGTGGAAGCCCCTAT
CGCCEGGCTCTATGGTECTGGOTGCAGTGCTGCTGAAALTCGGCGGUTACGGCATGATGCGEGLTGAC
CCTGATTCTGAATCCCCTGACCAAGCACATGGCCTATCCATTTCTGGTGCTGAGCCTETGGGGCATGA
TTATGACCAGCAGCATCTGCCTGCGGCAGACCGATCTGAAGTCCCTGATCGCCTACAGCTCCATCAG
CCACATGGECCCTGGTGGTCACCGCCATCCTGA AGACCCCTTGGAGCTTTACAGGCGCCGTGATC
CTGATGATTGCCCACGGUCTGACAAGCAGCCTGCTGTTTTGTCTGGCCAACAGCAACTACGAGCGGA
CCCACAGCAGAATCATGATCCTGTCTCAGGGCCTGCAGACCCTCCTGCCTCTTATGGCTTTTTGGTGES
CTGCTGGCCTCTCTGGCCAATCTCGCACTGCCTCCTACCATCAATCTGCTGGGCGAGCTGAGCGTGC
TGGTCACCACATTCAGCTGETCCAATATCACCCTGCTGLTCACCGELOTGAACATGCTGGTTACAGLC
CTGTACTCCCTGTACATGTTCACCACCACACAGTGGGGAAGCCTGACACACCACATCAACAATATGAA
GCCCAGCTTCACCCGCGAGAACACCCTGATGTTCATGCATCTGAGCCCCATTCTGCTGCTGTCCCTGA
ATCCTGATATCATCACCGGCTTCTCCAGCTGAGAGCACTGEGACGCCCACCGCCCOTTTCCCTCCGE
TGCCAGGCGAGCATGTTGTGGTAATTCTGEAACACAAGAAGAGAAATTGCTGGETTTAGAACAAGATT
ATAAACGAATTCGETGCTCAGTGATCACTTGACAGTTTITTTTITTITTTTTAAATATTACCCAAAATGCTCC
CCAAATAAGAAATGCATCAGCTCAGTCAGTEAATACAAAAAAGGAATTATTTTICCCTTTGAGGGTCTTT
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TATACATCTCTCCTCCAACCCCACCCTCTATTICTGTTTICTTCCTCCTCACATGGGGETACACATACACA
GOTTCCTCTTTTGGYTCCATCOTTACCACCACACCACACGCACACTCCACATGLCCAGCAGAGTGGCA
CTTOOTGGUCAGAAAGTGTCAGCCTCATGATCTGCTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAA
GGCOTCGGAGCACCCCCTTCCTTGTGACTBAGCCAGGGUCTGCATTTTITGGTTTTCCCCACCCCACA
CATTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGLCTGTGCACTGGGACTGGEG
GATTCCACATGTTTGCCTTGGGAGTCTCAAGCTGGACTGCCA
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GTGCTGCCCGCCTAGAAAGGGTGAAGTGGTTGT
CTCTTGCGGAAGTCCATGCGLCATTGGGAGGGCO

CCGTGACGGACTGAGTACGGBTGCCTETCAGE
TCGGCCGCGGCTCTGTGCCCTTGCTGCTGAGG

CCGTCTCGGCGCCTGCGTGACCTCCCCGCCEELEGBATGTGGCGACTACGTCGGGLLGCTETGGE
TGATCGCTGAAGCTGATCGTGCCCACCATCATOCTGCTGCCCCTGACCTGEUTGAGCAAGAAGCACA

TGATCTGGATCAACACCACCACCCACAGCCTGATCATCAGCATCATCCCCCTGCTGTTCTTCAACCAG
ATCAACAACAACCTGTTCAGCTGCAGCCCCACCTTCAGCAGCGBACCCCCTGACCACCCOCCTGCTGA
TGCTGACCACCTGGCTGCTGCCCCTGACCATCATGGCCAGCCAGCGUCACCTOCAGCAGCGAGCCCC
TGAGCCGCAAGAAGCTGTACCTGAGCATGCTGATCAGCCTGCAGATCAGCCTGATCATGACCTTCACT
GCCACCGAGCTGATCATGTTCTACATCTTCTTCGAGACCACCOTGATCCCCACCCTGGCCATCATCAC
CCOCTGGGGLAACCAGCCCGAGCGCCTCAACGCCGGCACCTACTTICCTGTTCTACACCCTGGTGGG
CAGCCTGCCCCTGCTGATCGCCCTGATCTACACCCACAACACCCTGGECAGCCTGAACATCCTGETG
CTGACCCTGACCGCCCAGGAGCTGAGCAACAGCTGGGCCAACAACCTGATGTGGCTGGCCTACACCA
TGGCCTTCATGGTGAAGATGCCCCTGTACGGCCTGCACCTGTGGCTGCUCCAAGGCCCACGTGBAGG
CCCCCATCGCCGGCAGCATGGTGCTGGLLGCOGTGCTEUTGAAGCTGEECGGCTACGGCATGATGO
GCCTGACCCTGATCCTGAACCCCCTEGACCAAGCACATGECCTACCCCTTCCTGGTGCTGAGCCTGTG
GGGCATGATCATGACCAGCAGCATCTCGCCTGCGCCAGACCGACCTCGAAGAGCCTGATCGCCTACAGT
AGCATCAGCCACATGGCCCTGGTECGTRACCGCCATCCTGATCCAGACCCCCTGGAGCTTCACCGGEG
CCGTGATCCTGATGATCGCCCACGGCCTGACCAGCAGCCTGCTGTTCTGCCTGGCCAACAGCAACTA
CGAGCGCACCCACAGCCGCATCATGATCCTGAGCCAGGGCCTGCAGACCCTGCTGCLCCTGATGGL
CTTCTGGTGGLTGCTEGGLCCAGCCTGGCCAACCTGGCCCTGCCCCCCACCATCAACCTGCTGGGCGA
GCTGAGCGTGLTCGTGACCACCTTCAGETGGAGCAACATCACCCTGCTGLTGACCGGCCTGAACATG
CTGGTGACCGCCCTGTACAGCCTGTACATGTTCACCACCACCCAGTGGGGCAGCCTGACCCACCACA
TCAACAACATGAAGCCCAGCTTCACCCGCGAGAACACCCTGATOTTCATGCACCTGABCCCCATCCTG
CTGCTGAGCCTGAACCCCGACATCATCACCGGUTTCAGCAGCTAAGAGCACTGGGACGCCCACCGLC
CCTTTCCCTCCGCTOUCAGGUGBAGCATGTTIGTGGTAATTCTCGGAACACAAGAAGAGAAATTGCTGGGT
TTAGAACAAGATTATAAACGAATTCGGTGCTCAGTOATCACTTGACAGTTTTTTTTTTTTTTAAATATTAC
COAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTITCCC
TTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTTTCTTCCTCCTCACATGGGEG
GTACACATACACAGCTTCCTCTTTTIGGTTCCATCCTTACCACCACACCACACGCACACTCCACATGCCC
AGCAGAGTGGCACTTGGETGGCCAGAAAGTGTGAGCCTCATGATCTGCTGTCTGTAGTTCTGTGAGCTC
AGGTCCCTCAAAGGCCTCGGAGCACCCCCTTCCTTGTGACTGAGCCAGGGCCTGCATTTTTGGTTITC
CCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGCTGTGCA
CTGGGACTEGGGATTCCACATETTTGCCTTGGCGAGTCTCAAGCTGGACTGCCAGCCCCTGTCCTCCC
TTCACCCCCATTGUGTATGAGCATTTCAGAACTCCAAGGAGTCACAGGCATCTTTATAGTTCACGTTAA
CATATAGACACTGTTGGAAGCAGTTCCTTCTAAAAGGGTAGCCCTGGACTTAATACCAGCCGGATACT
TCTGGCCLCCCACCCCATTACTGTACCTCTGGAGTCACTACTGTGGGTCGCCACTCCTCTGUTACACAG
CACGGCTTTTTCAAGGCTGTATTGAGAAGGGAAGTTAGGAAGAAGGGTGTGLTGGGCTAACCAGCCC
ACAGAGCTCACATTICCTGTCCCTTGGGTGAAAAATACATGTCCATCCTGATATCTCCTGAATTCAGAAA
TTAGCCTCCACATGTGCAATGGCTTTAAGAGCCAGAAGCAGGGTTCTGGGAATTTTGCAAGTTACCTG
TOGCCAGGTGTGGTCTCGGTTACCAAATACGGTTACCTGCAGCTTTTTAGTCCTTTGTGCTCCCACGG
GTCTACAGAGTCCCATCTGCCCAAAGGTCTTGAAGCTTGACAGGATGTTTTCGATTACTCAGTCTCCCA
GGGCACTACTGGTCCGTAGGATTCGATTGGTCOGGGTAGBAGAGTTAACAACATTTAAACAGAGTTC
TCTCAAAAATGTOTAAAGGGATTGTAGGTAGATAACATCCAATCACTGTTTGCACTTATCTGAAATCTTC
CCTCTTGGCTGCCCCCAGGTATTTACTGTGGAGAACATTGCATAGGAATGTCTGGAAAAAGCTTICTAC
AACTTGTTACAGCCTTCACATTTGTAGAAGCTTT

45




~
@

WO 2020/001657

OPA1-
opt_ND4*
FUTR

PCT/CN2019/094136

GTGCTGLCCGCCTAGAAAGGGTGAAGTGGTTGTTTCCETGACGGACTGAGTACGGEGBTGCCTGTCAGG
CTCTTGCGGAAGTCCATGCGLCATTGGGAGGGCLTCGGCLGCGGECTCTGTGLCCTTGLTGCTGAGG
GCCACTTCCTGGGTCATTCCTGBACCGBGAGCCEBECTEGBGGCTCACACGGBGEGECTCCCGLGTGE
CGTCTCGGCGCCTGUOTGACCTCCCCGCCGGCGGRATGTGGCCACTACGTCGGBLCGCTGTGGC
CTGATGCTGAAGCTGATCGTGCCCACCATCATGCTGCTGLCCCTGACCTGGUTGAGCAAGAAGCACA
TGATCTGGATCAACACCACCACCCACAGCCTGATCATCAGCATCATCCCCCTGOTGTTCTTCAACCAG
ATCAACAACAACCTGTTCAGCTGCAGCCCCACCTTCAGCAGCGACCCCCTCACCACCCCCCTGCTGA
TGCTGACCACCTGGCTGCTGLCCCUTGACCATCATGGCCAGCCAGCGLCACCTBAGCAGCGAGCCCC
TGAGCCGCAAGAAGCTGTACCTGAGCATGCTCGATCAGCCTGCAGATCAGCCTGATCATGACCTTCACC
GCCACCGAGCTGATCATOSTTCTACATCTTCTTCGAGACCACCCTGATCCCCACCCTGGCCATCATCAC
COGCTGGGGCAACCAGCCCGAGCGCCTGAACGCCGGLACCTACTTCCTGTTCTACACCCTGGTGGG
CAGCCTGCCCCTGCTGATCGCCCTRATCTACACCCACAACACCCTGGRCAGCUTGAACATCCTGCTG
CTGACCCTGACCGCCCAGGAGCTCGAGCAACAGCTGGGCCAACAACCTGATGTGGCTGGCCTACACCA
TGCGCCTTCATGETGAAGATGCCCCTGTACGGCCTGCACCTEGTGGCTGCCCAAGGCCCACETGBAGE
SCCCCATCGCCGGCAGCATGGTGCTGEGLLGCCGTGCTGCTGAAGCTGGGECGGLTACGGCATGATGC
GCCTGACCCTGATCCTBAACCCCCTGACCAAGCACATGGECCTACCCCTTCCTGGTGCTGAGLCTGTS
GGGCATGATCATGACCAGCAGCATCTGCCTGCGCCAGACCGACCTGAAGAGCCTGATCGCCTACAGC
AGCATCAGCCACATGBCCCTGGTGGTGACCGCCATCCTGATCCAGACCCCCTGGAGCTTCACCGGCG
CCGTGATCCTGATGATCGCCCACGGBCUTGACCAGCAGCCTGCTGTTICTGCCYGGCCAACAGCAACTA
COAGCGCACCCACAGCCGCATCATCATCCTGAGCCAGGGCCTGCAGACCCTGCTGCCCCTGATEGC
CITCTGGTGGLTGCTEGGLCAGCCTGGCCAACCTGGCCCTGCCCCCCACCATCAACCTGCTGGGEGA
GCTGAGCGTGCTGGTGACCACCTTCAGCTGGAGCAACATCACCCTECTGCTGACCGGCCTGAACATS
CTGGTGACCGCCCTGTACAGCCTGTACATGTTCACCACCACCCAGTGGGGCAGCCTGACCCALCACA
TCAACAACATGAAGCCCAGCTTCACCCGCGAGAACACCCTGATETTCATGCACCTGAGCCCCATCCTG
TGCTGAGCCTGAACCCCGACATCATCACCGGUTTCAGCAGCTAAGAGCACTGGGACGCCCACCGCC
CCTTTCCCTCCGCTOUCAGGUGAGCATETTGTGETAATTCTCGAACACAAGAAGAGAAATTGCTGEGT
TTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTGACAGTTTTTTTTTTTTTTAAATATTAC
COAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTITCCC
TTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTICTGTTTCTTCCTCCTCACATGGGG
GTACACATACACAGCTTCCTCTTTTGGTTCCATCOTTACCACCACACCACACGCACACTCCACATGCCC
AGCAGAGTGGCACTTGGETGGCCAGAAAGTGTEAGCCTCATGATCTGCTGTCTGTAGTTCTGTGAGCTC
AGGTCCCTCAAAGGCCTCGGAGCACCCCCTTCCTTGTCGACTGAGCCAGGGCCTGCATTTTTGGTTTIC
CCCACCCCACACATICTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGCTGTGCA
CTGGGACTGGGGATTCCACATGTITGCCTTGGGAGTCTCAAGCTGGACTGLC,

OPAT-NDE-
SUTR

GTGCTGCCCGCCTAGAAAGGGTGAAGTGGETTGTTTCCGTEGACGEACTCAGTACGGGTGCCTGTCAGE
CTCTTGCGGAAGTCCATGCGCCATTGEGAGGGCCTCGECOCGCEGLTCTATGLCCTTGCTGCTGAGE
GCCACTTCCTGGGTCATTCCTGEACCGGEAGLCCGGGLTCGGECTCACACGGGGGLTCCCGLGTES
COCBTCTCEGECECCTGCGTGACCTCCOCGCUGGCEGGATETGGCGACTACGTCGGGCCGCTETGGT
CTGATGATGTATGCTTTGTTTCTGTTGAGTGTGGGTTTAGTAATGGGGTTTGTGEGETTTTCTICTAAG
CCTTCTCCTATTTATGGGGOTTTAGTATTGATTGTTAGCGGTGTGGTCCGETCTGTTATTATTCTGAAT
TTTGGOGBAGGTTATATGGGTTTAATGGETTTTTTTAATTTATTTAGGGGGAATGATGGTTGTCTTTGGAT
ATACTACAGCGATGGCTATTGAGGAGTATCCTCGAGGLATGGGGGETCAGGGGTTGAGGTCTTGGTGAG
TCTTTTAGTGGGGTTAGCGATGGAGGTAGGATTGETGCTGTGEGTGAAAGAGTATGATGEGGTGETG
GTTGTCGTAAACTTTAATAGTGTAGGAAGCTGOATGATTTATCGAAGGAGAGGGGTCAGGGTTGATTCG
GGAGGATCCTATTGOTCGLEGEOGGCTTTEGTATGATTATGEECOTTGGTTAGTAGTAGTTACTGGTTGGA
CATTGTTTGTTGGTGTATATATTGTAATTGAGATTGCTCGGGGGAATTAGGAGCACTGGGACGCCCAL
COCCCCTTTCCCTCCGCTGLCAGGCGAGCATETTOTGGTAATTCTCGAACACAAGAAGAGAAATTGCT
GGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTGACAGTTTTTTTTITTTI TTAAAT
ATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTT
TCCCTTTGAGGGTCTTTTATACATCTCTCOTCCAACCCCACCCTCTATTCTGTTTICTTCCTCCTCACATG
GGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACCACACGCACACTCCACAT
GCCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTGTGAGCCTCATGATCTGCTGTCTGTAGTTCTGTG
AGCTCAGGTCCCTCAAABGCCTCGGAGCACCCCCTTCCTTGTCACTGAGCCAGGGCCTGCATTTTTG
GTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGCT
GTGCACTCGGEGACTGGGEATTCCACATGTTTGCCTTGGGAGTCTCAAGCTGGACTGCCAGCCLCTGTC
CTCCCTTCACCCCCATTIGCGTATGAGCATTTCAGAACTCCAAGGAGTCACAGGLATCTTTATAGTTCAC
GTTAACATATAGACACTGTTGGAAGCAGTTCCTTCTAAAAGGGTAGCCCTGGACTTAATACCAGCCGG
ATACCTCTGGUCCCCACCCCATTACTGTACCTCTGGAGTCACTACTGTGGGTCGCCACTCCTCTGCTA
CACAGCACGGCTTTTTCAAGGCTGTATTGAGAAGGGAAGTTAGGAAGAAGEGGTGTGCTGGGCTAACT
AGCCCACAGAGCTCACATTCCTGTCCCTTGGGTGAAAAATACATGTCCATCCTGATATCTCCTGAATTC
AGAAATTAGCCTCCACATGTGCAATGGCTTTAAGAGCCAGAAGCAGGGTTCTGGGAATTTTGCAAGTT
ACCTGTGGCCAGGTGTGGTCTCGGTTACCAATACGETTACCTGCAGCTTTTTAGTCCTTTGTGCTCC
CACGGGTCTACAGAGTCCCATCTGCCCAAAGGTCTTGAAGCTTGACAGGATGTTTTCGATTACTCAGT
CTCCCAGGGCACTACTGGTCCOTAGGATTCGATIGGTCGGEEETAGGAGAGTTAAACAACATTTAAACA
GAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGGTAGATAACATCCAATCACTGTTTGCACTTATCTGA
AATCTTCCCTCTTGGCTGCCCCCAGGTATTTACTGTCGAGAACATTGCATAGGAATGTCTGGAAAAAG
CTTCTACAACTTGTTACAGCCTTCACATTTGTAGAAGCTTT
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WO 2020/001657

CFA1-NDG-
JUTR

PCT/CN2019/094136

GTGCTGLCCGCCTAGAAAGGGTGAAGTGGTTGTTTCCETGACGGACTGAGTACGGEGBTGCCTGTCAGG
CTCTTGCGGAAGTCCATGCGLCATTGGGAGGGCLTCGGCLGCGGECTCTGTGLCCTTGLTGCTGAGG
GCCACTTCCTGGGTCATTCCTGBACCGBGAGCCEBECTEGBGGCTCACACGGBGEGECTCCCGLGTGE
CGTCTCGGCGCCTGUOTGACCTCCCCGCCGGCGGRATGTGGCCACTACGTCGGBLCGCTGTGGC
CTGATGATGTATGCTTTGTTTCTGTTGAGTGTGGGTTTAGTAATGGGGTTTGTGGGGTTTTCTTCTAAG
COTTCTCCTATTTATGGGGETTTAGTATTGATTGTTAGCGGTGTGGTCGGGTETGTTATTATTCTGAAT
TTTOCGGGAGGTTATATCGGTTTAATGSTTTTTTTAATTTATTTAGGGGCGAATGATOGTTIGTCTTTGGAT
ATACTACAGCGATGGCTATTGAGGAGTATCCTGAGGCATGGGEEGTCAGGGETIGAGGTCTTGGTGAG
TETTTTAGTGGGGTTAGCGATGGAGGTAGCGATTGGTGCTGTG GG TGAAAGAGTATGATGCGGETGGTG
GTTGTGGTAAACTTTAATAGTGTAGGAAGCTGGATGATTTATGAAGGAGAGGGGTCAGGGTTGATTCG
GOAGGATCCTATTGGTGCGGGGGELTTTGTATGATTATGGGCGTTGGTTAGTAGTAGTTACTGGTTGGA
CATTGTTTGTTCGETGTATATATTGTAATTGAGATTGCTCOGGGEAATTAGGAGCACTGGGACGCCCAD
CGCCCCTTTCCCTCCGCTGCCAGGCGAGCATGTTIGTOGTAATTCTGGAACACAAGAAGAGAAATTGCT
GCOGTTTAGAACAAGATTATAAACGAATTCGRTGCTCAGTGATCACTTGACAGTTTTTITTTTTT T TTAAAT
ATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTT
TCOCOCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTTTCTTCCTCCTCACATS

AGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCCTTCCTTGTGACTBAGCCAGGBUCTGCATTITTG
GTTTTCCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAATAGCTAGGACCCGGCTGET
GTGCACTGGGACTGGGGATTCCACATETTTGCCTTGGCGAGTCTCAAGCTGGACTEOCA

CPA1-
opt_ND8-
FUTR

GTGCTGCCCGCCTAGAAAGGGTGAAGTGGTTGTTTCCEGTGACGGACTGAGTACGGEETGCCTGTCAGG
CTCTTGCGGAAGTCCATGCGCCATTGGGAGGGCCTCGGCCGCGGCTCTGTGLCCTTGLTGCTGAGG
GCCACTTCCTGGGTCATTCCTGBACCGHBGAGUCCECHECTEGBEECTCACACGBBGGECTCCCGLGTGE
CCGTCTCGGCGCCTOCGTGACCTCCCCGCCGGUGERBATGTGGCCACTACGTCGGGLCGCTGTGGC
CTGATGATGTACGCCCTGTTCCTGCTGAGCGTGGGCCTGGTCGATGGGCTTCGTEGGCTTCAGCAGCA
AGCCCAGCCCCATCTACGGCGGLCTCGTGCTGATCGTGAGCGGCETCETGGGCTGUGTGATCATCC
TOAACTTCGGCGGUGBUTACATGGGCCTBATGGTGTTCCTGATCTACCTGGGCGGCATCATGGTGGT
GTTCGGCTACACCACCGCCATGGLCATOCGAGGBAGTACCCCGAGGLCTGGGGCAGCGGCGTGGAGET
GCTGOBTGAGCGTBCTGGTGEGECCTCECCATGGAGETCGECCTGGTGUTGTGECTGAAGGAGTACGA
CGGOCGTGGTGGTGETGGTGAALTTCAACAGCGTGGGECAGCTGGATGATCTACCAGGGLCGAGGGCALG
CGGCCTGATLCGUBAGGACCCCATCGGCGCCGELBLOCTGTACGACTACGGCCGCTEGCTEGETGET
GGTGACCGGCTGGACCCTETTCGTGGGCETGTACATCGTGATCGAGATCGCCCEGCEGBLAACTAAGA
GCACTGGCACGTCCACCGCCCCTTTCCCTCCGCTGCCAGGBUGAGCATGTTGTGGTAATTCTGGAACA
CAAGAAGAGAAATTGCTGGETTTAGAACAAGATTATAAAC GAATTCGGTGLCTCAGTGATCACTTGACAG
TTTTTTTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATAC
ALAABAGGAATTATTTTTCCCTTTGAGGOTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGT
TICTTCCTCCTCACATCGGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACCA
CACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTEGGCCAGAAAGTGTGAGCCTCATGATCTGC
TOTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCCTTCCTTGTGACTGAGCCA
GGGCCTGCATTTTTOBTTTICCCCACCCCACACATTCTCAACCATAGTCCTTCTAACAATACCAATAGC
TAGGACCCGGCTGCTGTGCACTGGGACTGGGGATTCCACATETTITGCCTTGGGEAGTCTCAAGCTGGA
CTGCCAGCCCCTGTCCTCCCTTCACCCCCATTGCGTATGAGCATTTCAGAACTCCAAGGAGTCACAGG
CATCTTTATAGTTCACGTTAACATATAGACACTGTTGGAAGCAGSTTCCTTCTAAAAGGGTAGCCCTGGA
CTTAATACCAGCCGGATACCTCTGGCCCCCACCCCATTACTGTACCTCTGGAGTCACTACTGTEGGTC
GCCACTCCTCTGCTACACAGCACGGCTTTTTCAAGGCTGTATTGAGAAGGGAAGTTAGGAAGAAGGG
GTGCTGGGCTAACCAGCCCACAGAGCTCACATTCCTGTCCCTTGGOTGAAAAATACATGTCCATCCTG
ATATCTCCTGAATTCAGAAATTAGCCTCCACATGTGCAATGGCTTTAAGAGCCAGAAGCAGGGTTCTS
GGAATTTTGCAAGTTACCTGTGBCCAGETGTAGGRTCTCOGTTACCAAATACGGTTACCTGCAGCTTTTTA
GTCCTTTGTGCTCCCACGEGTCTACAGAGTCCCATCTGCCCAAAGGTCTTGAAGCTTGACAGGATGTT
TTCGATTACTCAGTCTCCCAGGGCACTACTOGTCCGTAGGATTCCGATTIGGTCGGGETAGGAGAGTTAA
ACAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGGTAGATAACATCCAATCACTGTT
TGCACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGGTATTTACTGTGGAGAACATTGCATAGGAAT
GTCTGGAAAAAGCTTCTACAACTTGTTACAGCCTTCACATTITGTAGAAGCTTT

80

CPAT-
opt_NDS-
FUTR®

GTGCTGCCCGOCTAGAAAGGGTGAAGTGGTTGTTTCCGTGACGGACTGAGTACGHGBTGCCTETCAGE
CTCTTGCGGAAGTCCATGCGLCATTGGGAGGGCUTCGGCCGCGGLTCTGTGCCCTTGCTGCTGAGG
GCCACTTCCTGGGTCATTCCTGBACCGOGAGLCGGGCTRGGGCTCACACGGGEELTCCCRCGTGE
CCGTCTCGGCGCCTGUGTGACCTCCCCGCCGGLGOGATGTGGCCACTACGTCEGGGCLGCTEGTGGC
CTGATGATGTACGCCCTGTTCCTOCTGAGCGTGGGCCTOGTCGATEGGECTTCGTGGGCTTCAGCAGCA
AGCCCAGCCCCATCTACGGCGGCCTGEGTGCTGATCGTGAGCGGCETGETGGGCTGUGTGATCATCC
TOAACTTCGGCGGUGGBUCTACATGGGCCTCATGETCTTCCTGATCTACCTGGGUGGCATGATGGTGGT
GTTCGGCTACACCACCGCCATGGCC GAGBAGTACCCCGAGGCCTCGGGCAGCGGUGTGGAGGET
GCTGRTEGAGCETGCTGGTGGRCCTGEGUCATEGGAGETCEECCTGGTGLTGTGGCTGAAGGAGTACGA
CGGCETGETGETGGTEGGTGAACTTCAACAGCGTGGBCAGCTGGATGATCTACGAGBGCGAGGGCAG
COGCCTGATCCGCGAGGACCCCATCGGCGCCGELBUCCTGTACGACTACGGCCGCTEGCTEGETGET
GGTGACCGGCTGGACCCTRTTICGTGEGLETGTACATCGTGATCGAGATCGCCCGUGGCAACTAAGA
GCACTGGGACGCCCACCGLCCCTTTCCCTCCGCTGOCCAGGCGAGCATGTTGTGGTAATTCTGGAACA
CAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTGACAG
TITTTTTTITTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATAC
ABAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGT
TTCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACCA
CACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTOBCCAGAAAGTGTGAGCCTCATGATCTGC
TGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGLCTCGGAGCACCCCCTTCCTTGTGACTGAGCC/
GGGCCTGCATTTTTIGGTTTICCCCACCCCACACATTICTCAACCATAGTCCTTCTAACAATACCAATAGC
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TAGGACCCGGCTGCTGTGCACTGGEGACTOGGGATTCCACATETTITGCCTTGGBAGTCTCAAGCTGGA
CTGCCA

21

OPA1-ND1-
3UTR

GTGCTGCCCGCCTAGAAAGGGTGAAGTGGTTGTTTCCGTGACGBACTGAGTACGGGTGCCTGTCAGS
CTCTTGCGBAAGTCCATGCGCCATTGGCAGGGCCTCGELOCGCEGCTCTCTGCCCTTGCTGCTGAGE
GCCACTTCCTGGGRTCATTCCTEGBACCGEEAGLCGEELTGEERCTCACACGERGGCTLCCGCGTGE
CCGTCTCGGCGCCTGCEGTGACCTCCCCGCCGGCGGRATGTGGLGACTACGTCGGGCCGCTGTGGE
CTOATGGCCAACCTCCTACTCCTCATTGTACCCATTCTAATCGCAATGGCATTCCTAATGCTTACCGAA
CGAAAAATTCTAGGCTATATGCAACTACGCAAAGGCCCCAACGTTGTAGGCCCCTACGGGCTACTACA
ACCCTTOGCTGACGCCATAAAACTCTTCACCAAAGAGCCCCTAAAACCCGLUCACATCTACCATCACCC
TCTACATCACCGCCCCGACCTTAGCTCTCACCATCGCTCTTCTACTATGGACCCCCCTCCCCATGCC
AACCCCUTGGTCAACCTCAACCTAGGCCTCCTATTTATTCTAGCCACCTCTAGCCTAGCCGTTTACTCA
ATCCTCTGGTCAGGGTGGECATCAAACTCAAACTACGCCCTGATCGGCGCACTGLGAGCAGTAGLCC
APACAATCTCATATGAAGTCACCCTAGCCATCATTCTACTATCAACATTACTAATCGAGTGGBCTCCTTTAA
CCTCTCCACCCTTATCACAACACAAGAACACCTCTGOTTACTCCTGCCATCATGGCCCTTGGUCATGA
TGTGGTTTATCTCCACACTAGCAGAGACCAACCGAACCCCCTTCGACCTTGCCGAAGGGGBAGTCCGA
ACTAGTCTCAGGCTTCAACATCGAATACGCCGCAGGCCCCTTCGLCCTATTCTTCATGGCCGAATACA
CAAACATTATTATGATCGAACACCCTCACCACTACAATCTTCCTAGGAACAACATATGACGCACTCTCCC
CTGAACTCTACACAACATATTTTGTCACCAAGACCCTACTTCTAACCTCCCTGTTCTTATGGATTCGAAC
AGCATACCCCCGATTICCGCTACGACCAACTCATGCACCTCCTATGGAAAAACTTCCTACCACTCACCOC
TAGCATTACTTATGTGGTATGTCTCCATGCCCATTACAATCTCCAGCATTCCCCCTCAAACCTAAGAGC
ACTGGGACGCCCACCGCCCCTITCCCTCCGCTGLCCAGGLBAGCATGTTIGTGGTAATTCTGGAACACA
AGAAGAGAAATTGCTGGEGTTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTGACAGTT
TTTTTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACA
ALMAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATICTGTT
TCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACCAC
ACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTGTBAGCCTCATGATCTGCT
GTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCCTTCCTTCGTGACTGAGCCA
GGGCCTGCATTTTTEGETTTTCCCCACCCCACACATTICTCAACCATAGTCCTTCTAACAATACCAATAGC
TAGGACCCGGCTGCTGTGCACTGGGACTGGGGATTCCACATGTTTIGCCTTGGGAGTCTCAAGCTGGA
CTGCCAGCCCCTGTCCTCCCTTCACCCCCATTGCGTATGAGCATTTCAGAACTCCAAGGAGTCACAGG
CATCTTTATAGTTCACGTTAACATATAGACACTGTTGGAAGCAGTTCCTTCTAAAAGGGTAGCCCTGGA
CTTAATACCAGCCGGATACCTCTGGCCCCCACCCCATTACTGTACCTCTGBAGTCACTACTGTGGGTC
GCCACTCCTCTGCTACACAGCACGGCTTTTTCAAGGCTGTATTGAGAAGGGAAGTTAGGAAGAAGGET
GTGCTGGGCTAACCAGCCCACAGAGCTCACATTICCTGTCCCTTGGETGAAAAATACATGTCCATOLTG
ATATCTCCTGAATTCAGAAATTAGCCTCCACATGTGCAATGGCTTTAAGAGC CAGAAGCAGGGTTICTG
GGAATTTTGCAAGTTACCTGTGGCCAGGTOTGGTCTCGETTACCAAATACGGTTACCTGCAGCTTTTTA
GTCCTTTGTGCTCCCACGGGTCTACAGAGTCCCATCTGCCCAAAGGTCTTGAAGCTTGACAGGATGTT
TTCGATTACTCAGTCTCCCAGGGCACTACTEGTCCGTAGGATTCGATTGGTCGGGGTAGGAGAGTTAA
ACAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGGTAGATAACATCCAATCACTGTT
TGCACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGGTATTTACTGTGGAGAACATTGCATAGGAAT
GTCTGGAAAAAGCTTCTACAACTTGTTACAGCCTTCACATTTGTAGAAGCTTY

82

CPAT-ND1-
JUTR™

GTGCTGLCCGCCTAGAAAGGGTGAAGTGGTTGTTTCCETGACGGACTCGAGTACGGEBTGCCTETCAGG
CTCTTGCGGAAGTCCATGCGCCATTGGGAGGGCLTCGGCCGCGGECTCTGTGCLCTTGLTGCTGAGG
GCCACTTCCTBGGTCATTCCTGBACCGOBGAGTCCEHBECTEGBGECTCACACGGBBGGECTCCCGLGTGE
CCGTCTCGGCGCCTGLGTGACCTCCCCGCCGGOGERATGTGGCOACTACGTCGEECOGCTGTRGC
CTGATGGCCAACCTCCTACTCCTCATTGTACCCATTCTAATCGCAATGGCATTCCTAATGL TTACCGAA
CGAAAAATTCTAGGCTATATGCAACTACGCAAAGGCCCCAACGTTGTAGGCCCCTACGGGCTACTACA
ACCCTTCOCTGACGCCATAAAACTCTTCACCAAAGAGCCCCTAAAACCCGCCACATCTACCATCACCC
TCTACATCACCGCCCCGACCTTAGCTCTCACCATCGCTCTTCTACTATGGACCCCCCTCCCCATGCCC
AACCCCCTGGTCAACCTCAACCTAGGCCTCCTATTTATTCTAGCCACCTCTAGCCTAGCCGTTTACTCA
ATCCTCTGGTCAGGGTGGBCATCAAACTCAAACTACGCCCTGATCGGCGCACTGUGAGCAGTAGCCC
AAACAATCTCATATGAAGTCACCCTAGCCATCATTICTACTATCAACATTACTAATGAGTGGCTCCTTTAA
CCTCTCCACCCTTATCACAACACAAGAACACCTCTGGTTACTCCTGCCATCATGGCCCTTGGCCATGA
TOTGGTTTATCTCCACACTAGCAGAGACCAACCGAACCCCCTTCGACCTTGCCGAAGGGGAGTCCGA
ACTAGTCTCAGGCTTCAACATCGAATACGCCGCAGGCCCCTTCGCCCTATTCTTCATGGCCGAATACA
CAAACATTATTATGATGAACACCCTCACCACTACAATCTTCCTAGGAACAACATATGACGCACTCTCCC
CTGAACTCTACACAACATATTTTGTCACCAAGACCCTACTTCTAACCTCCCTGTTICTTATGGATTCGAAC
AGCATACCCCCGATTCCGCTACGACCAACTCATGCACCTCCTATGGAAAAACTTCCTACCACTCACCC
TAGCATTACTTATGTGGTATGTCTCCATGCCCATTACAATCTCCAGCATTCCCCCTCAAACCTAAGAGE
ACTGGOACGCCCACCGCCCCTTTCCCTCCGCTOCCAGGUGAGCATGTTGTGGTAATTCTGGAACACA
AGAAGAGAAATTGCTC GG TTTAGAACAAGATTATAAACGAATTCGETGCTCAGTGATCACTTGACAGTT
TTTTTTTTTTTTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAATACA
APAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTGTT
TCTTCCTCCTCACATGGEGGTACACATACACAGCTTCCTCTTTTGGTTCCATCCTTACCACCACACCAC
ACGCACACTCCACATGCCCAGCAGAGTGGCACTTIGGTCGLCAGAAAGTGTGAGCCTCATGATCTGCY
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GTCTGTAGTTICTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCCTTCCTTGTGACTGAGCCA
GGGCCTGCATTTTTGETTTTCCCCACCCCACACATTICTCAACCATAGTCCTTCTAACAATACCAATAGC
TAGGACCCGGCTGCTGTGCACTGCGACTGGGGATTCCACATGTTIGCCTTGGGAGTCTCAAGCTGGA
CTGCCA

83

OPAT-
opt_ND1-
FUTR

GTGCTGCCCGCCTAGAAAGGETGAAGTGGTTGTTTCCGTGACGGACTGAGTACGGGTGCCTGTCAGE
TCTTGCGGAAGTCCATGCGLCATTGGGAGGGCOTCGGCCGCGGCTCTGTGCCCTTGCTGCTGAGG
GCCACTTCCTGGGTCATTCCTGGACCGGGAGLCGGGCTGGGGUTCACACGGGGELTCLCGLGTEE
CCGTCTCGGCGCCTGUGTGACCTCCCCGCCGGLGGGATGTGGCCACTACGTCEGGGCOLGCTEGTGGC
CTGATGGCCAACCTGCTGCTGCTGATCGTGCCCATCCTGATCGCCATGBCCTTCCTGATGCTGACCG
AGCGCAAGATCCTGGGCTACATGCAGCTGCGCAAGGGLCCCAACGTEGTEGGGCCCCTACGGLCCTGE
TOGCAGCOCTTCGCCGACGCCATCAAGBCTGTTCACCAAGGAGCCCCTGAAGCCCBCCACCAGCACCAT
CACCCTSTACATCACCGCCCCCACCCTGGCCCTCACCATCGCCCTGCTGCTGTGBACCCCCCTGCCT
ATGCCCAACCCCCTOGTEAACCTEGAACCTGERBLCTGCTETTCATCCTGGCCACCAGCAGCCTGGCCG
TGTACAGCATCCTGTGGAGCGGLTGGGUCAGCAACAGCAACTACGCCCTGATCGGLGLCCTGBCGLG
CCOTGGCCCAGACCATCAGCTACGAGGTGACCCTGBCCATCATCCTGCTOAGCACCCTGCTGATGAG
CGGCAGCTTCAACCTGAGCACCCTGATCACCACCCAGGAGCACCTETGGCTGCTGLTGCCCAGCTGE
CCCCTGGCCATGATGTGGTTCATCAGCACCCTGGUTGAGACCAACCGCACCCCCTTCGACCTGGCCG
AGGGCCGAGAGCGAGCTGGTGAGCGGCTTCAACATCGAGTACGCCGCCGGLCCCTTCGCCCTGTTCT
TCATGGCCGAGTACACCAACATCATCATGATGAACACCCTGACCACCACCATCTTCCTGGGCACCACC
TACGACGCCCTGAGCCCCGAGCTGTACACCACCTACTTCGTGACCAAGACCCTGOTGCTGACCAGCC
TETTCCTGTGBATCCGBCACCGCCTACCCCCGCTTCCGCTACGACCAGCTGATGCACCTGCTGTGGAA
GAACTTCCTGCCCCTGACCCTGELOCTOCTCGATGTGETACGTGAGCATGUCCATCACCATCAGCAGT
ATCCCCOCCCAGACCTAAGAGCACTGGGACGCCCACCGCCCCTTTCCCTCCGOTGCCAGGCGAGCAT
GTTGTGGTAATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTCGGT
GCTCAGTGATCACTTGACAGTTTTITTTTTY AAATATTACCCAAAATGCTCCCCAAATAAGAAATGC
ATCAGCTCAGTCAGTCAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTC
CAACCCCACCCTCTATTCTGTTTCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTITGGT
TCCATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCCAGAA
AGTGTGAGCCTCATGATCTGCTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGBAGCACC
CCCTTCCTIGTGACTEGAGCCAGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGT
CCTTCTAACAATACCAATAGCTAGGACCCGGCTGCTGTGCACTGGGACTGGEGATTCCACATGTTTGC
CTTEGGGAGTCTCAAGCTGGACTGCCAGCCCOTGTCOTCCCTTCACCCCCATTGUGTATGAGCATTTCA
GAACTCCAAGGAGTCACAGGCATCTTTATAGTTCACGTTAACATATAGACACTGTTGGAAGCAGTTCCT
TCTAAAAGGGTAGCCCTGGACTTAATACCAGCCGGATACCTCTGGCCCCCACCCCATTACTGTACCTC
TGGAGTCACTACTGTGGGTCGCCACTCCTCTGCTACACAGCACGGUTTTTTCAAGGLTGTATTGAGAA
GGGAAGTTAGGAAGAAGGGTGTEGCTGGELUTAACCAGCCCACAGAGCTCACATICCTGTCCCTTGGGT
GAAAAATACATGTCCATCCTGATATCTCCTGAATTCAGAAATTAGCCTCCACATGTGCAATGGCTTTAA
GCAGCCAGAAGCAGGGTTCTGGGAATTTTGCAAGTTACCTOTGGCCAGGTGTGBTCTCBGTTACCAAAT
ACGGTTACCTGCAGCTTTTTAGTCCTTTGTGCTCCCACGGGTCTACAGAGTCCCATCTGCCCAAAGGT
CTTGAAGCTTOACAGGATOTTTTCGATTACTCAGTCTCCCAGGGCACTACTGGTCCOTAGGATTCGAT
TGGTCGGGGTAGGAGAGTTAAACAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAG
GTAGATAACATCCAATCACTGTTTGCACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGGTATTTAC

AAGCTTT

24

OPAI-
opt_ND1-
IUTR*

GTGCTGCCCGCCTAGAAAGGGTGAAGTEGTTOTTTCCGTGACGGACTCGAGTACGGGTGCCTGTCAGSG
CTCTTGCOGBAAGTCCATGCGCCATTOBCABGGCCTCEELOBCEGCTCTETGCCCTTGCTGCTGAGE
GCCACTTCCTGGGTCATTCCTGEACCGEGAGLCGEEUTGEERLTCACACGEGEGCTLCCGCGTEE
COCBTCTCGHBCOCCTGCETCGACCTCCCCGCCBGCEGEATGTGGUGACTACGTCGGECCECTGTGEO
CTGATGGCCAACCTOGCTGCTGCTGATCGTGCCCATCCTBGATCGCCATGGCCTTCCTGATGCTGACCG
AGCGLAAGATCCTEGGCTACATGCAGCTGCEBCAAGGGCCCCAACGTGGTGGGCCCCTACGGCCTGC
TGCAGCCCTTCGCCGACGCCATCAAGCTGTTCACCAAGGAGCCCCTGAAGLCCCGCCACCAGCACCAT
CACCCTGTACATCACCGCCCCCACCCTGGCCCTGACCATCGCCCTGCTGCTGTGGACCCCCCTGCCC
ATGCCCAACCCCCTGETGAACCTGAACCTGGGCCTGCTGTTCATCCTGGCCACCAGCAGCCTGGLCG
TGTACAGCATCCTGTGGAGCGGCTEGEGUCAGCAACAGCAACTACGCCCTEGATCGGCGCCCTGLGLG
CCGTGGCCCAGACCATCAGCTACGAGGTGACCCTGGCCATCATCCTGLTGAGCACCCTGL TGATGAG
COGCAGCTTCAACCTGAGCACCCTGATCACCACCCAGGAGCACCTGTGGCTGCTGCTGCCCAGCTGG
CCCCTGGLCATGATGTGGTTCATCAGCACCCTGGCCGAGACCAACCGCACCCCCTTCGACCTGGCCG
AGGGCCGAGAGCGAGCTGGTGAGCGGCTTCAACATCGAGTACGCCGCCGGCCCCTTCGCCCTGTTCT
TCATGGCCOGAGTACACCAACATCATCATGATGAACACCCTGACCACCACCATCTTCCTGBGCACCACC
TACGACGCCCTGAGCCCCGAGCTGTACACCACCTACTTCGTGACCAAGACCCTGCTGCTGACCAGCC
TCTTCCTGTGGATCCGCACCGCCTACCCCOGUTTCCGUTACGACCAGCTGATGCACCTGC TG TGGAA
GAACTTCCTGCCCCTGACCCTGGCCCTGCTGATGTCGGTACGTGAGCATGCCCATCACCATCAGCAGC
ATCCCCCCCCAGACCTAAGAGCACTGGGACGCCCACCGCCOCTTTCCCTCCGCTEGUCAGGOGAGCAT
GTTGTGGTAATTCTGGAACACAAGAAGAGAAATTGCTGGGTTTAGAACAAGATTATAAACGAATTICGGT
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GCTCAGTGATCACTTGACAGTTTTTTTTITTTTTAAATATTACCCAAAATGCTOCCCCAAATAAGAAATGC
ATCAGCTCAGTCAGTGAATACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTTATACATCTCTCCTC
CAACCCCACCCTCTATTICTGTTTCTTCCTCCTCACATGGGGGTACACATACACAGCTTCCTCTTTTGET
TCCATCCTTACCACCACACCACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCCAGAA
AGTGTGAGCCTCATGATCTGCTGTCTGTAGTTCTGTGAGCTCAGGTCCCTCAAAGGCCTCGGAGCACT
CCCTTCCTTGTGACTGAGCCAGGGCCTGCATTTTTGGTTTTCCCCACCCCACACATTCTCAACCATAGT
CCTTCTAACAATACCAATAGCTAGGACCCGECTGCTGTGCACTGGGACTCGGEGATTCCACATGTTTGC
CTTGGGAGTCTCAAGCTGGACTGCC,

85 B-actin-S CGAGATCGTGCGGGACAT
primer
o8 B-actin-A CAGGCAAGGAGGGCTGGAAT
primer
87 ND4-S primer TGCCTACGACAAACAGAC
88 ND4-A primer | AGTGCGTTCGTAGTTTGAG
89 ND8-F primer | ATGATGTATEGCTTTGTTTCTG
z1d] ND&-R primer | CTAATTCCCCCGAGCAATCTC
91 ND8-8 primer | AGTGTGGGTTTAGTAATG
92 ND8-A primer | TGCCTCAGGATACTCCTC
93 -actin-F CTCCATCCTGGCCTCELTGY
primer
94 B-actin-R GCTGTCACCTTCACCGTTCC
primer
a5 ND8-F primer | GGGTTTTCTTCTAAGCCTTCTCC
95 ND8-R primer | CCATCATACTCTTTCACCCACAG
a7 opt_ND8-F CGCCTGCTBACCGGCTGCET
primer
98 opt_ND8-R CCAGGCCTCGGBGTACTCCT
98 ND1-F primer | ATGGCCGCATCTCCGCACACT
100 ND1-R primer | TTAGGTTTGAGGGGGAATGCT
161 ND14-F primer | AACCTCAACCTAGGCCTCCTA
102 ND1-R primer | TGGCAGGAGTAACCAGAGGTG
103 ND1-F primer | AGGAGGCTCTGTCTGGTATCTTG
104 NDY-R primer | T TTTGGTGAA
105 opt-ND1-F GCCGCCTGCTGACCGECTGCGT
primer
106 opt-ND1-R TGATGTACAGGGTGATCGTGCTGE
primer
167 ND4-S primer | GCCAACAGCAACTACGAGC
1G8 ND4-A primer | TGATGTTSCTCCAGCTGAAG
109 opt-ND4-8 GCCTGACCCTGATCCTGAAC
primer
110 opt-ND4-A GTGCECTCGTAGTTGCTGTT
primer
111 hsACC2 GGGCAGTGCCTCCCCGCCLCECCOGCTCEUETCAAGTTCAGCTCCACGTGTGCCATCAGTGGATCCG
ATCCGTCCAGCCATGGCTTCCTATTCCAAGATGGTGTGACCAGACATGCTTCCTGCTCCCCGOTTAGS
CCACGGAGTCGACTGTOGTTGCTEOTGOOGEGEGTTCTTAAAATAACTTTTTAGCCCCCGTCTTCCTATTTT
GAGTTTGGTTCAGATCTTAAGCAGCTCCATGCAACTGTATTTATTTTTGATGACAAGACTCCCATCTAAA
GTTTTTCTCCTGCCTGATCATTTCATTIGGTGGCTGAAGBATTCTAGAGAACCTTTTGTTCTTGCAAGGA
AAACAAGAATCCAAAACCAGTGACTGTICTGTGA
142 hsATP5B GGGGTCTTTGTCCTCTGTACTGTCTCTCTCCTTGCCCOTAACCCAAAAAGCTTCATTTTICTGTGTAGE

CTGCACAAGAGCCTTGATTGAAGATATATTCTTTCTCAACAGTATTTAAGGTTTCCAATAAAATGTACAC
CCOCTCAG
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TOTTGGGTCCAAGAAGGAATTTCTTTCCATCCCTGTCGAGGCAATGGGTEGGAATGATAGGACAGGCAA
AGAGAAGCTTCCTCAGGCTAGCAAAAATATCATTTGATGTATTGATTAAAAAAGCACTTGCTTGATGTAT
CTTTGGCCGTGTGTGCTACTCTCATCTGTGTGTATGTGTGTTGTGTGTGTGTGTCTGTGCATGCACATAT
GTGTTCACTCTGCTACTTTGTAAGTTTTAGGCTAGGTTGCTTTACCAGCTGTITACTICTTTTTTIGTTGTY
GTTTTGAGACAAGGTTTCGCTCTGCCACCCTGGUTGGAGTGCAGTGGUGTGATCTTGGCTCACGGCA
ACCTCTGCCTCCTGGGGCTCAAGCAATTATCCCACCTCAGCCTCOTGAGCAGCTGGGACTACAGETG
CATGCCACAACACCTGOCTGATATTTGTATTTTTTOTAGAGACAGGATTTTGCCAAGTTGCCCAGGCTG
GTCTTGAACTCCTAGGCTTAAGCAATCCACCCACCTTGGCCTCCTCGAAGTGCCAGGATCACAGACGTG
AGCCACTACACCCAGCCCAGCTGTTTACTTCTTTAACCATACTTTTCGATTTTATTTTTTGACCAAAATGA
ACTAACCCAGGTAATCTTCCAGGGACCGCAATTCCAGAACCTCATAGTATTTCTTCCATTTCCAGCAGC
TGATTAGAAGTCCAGGATCATGTGAAGTCAGGCAGGGTCACAGTTCCTGATGGUACATTATGGACAGA
GAATTCCATTTTGTTTTCTAACCCATGATGAAAACCCACETGAGTCAGTGTGTGAACAGGGATCATTAA
TTCCCCCTAGGTGGAAGGAAAAAGGCACTTACTTTGCAGGTTACAGAAATTACTGSGGAGAGGAT
nTCGTC/-\TA/-\AAﬁ\G'-\GCCA GOCCAAATTGGAATATTTTTGTCGATCTGCATCATGATGCTCAAAATAGCA
ATTATTTGGGAATTGGGTTTCGAAAACTGAATTGTTGCCAGAGAATTAAACCAGGETGAAAGGTCCTTTTG
AATTCAGATTGTCTTCTGAACATCCAGGCTCGATCATCTGAGAGCAGTCAAATCTACTTCCCCAAAAAGA
GACCAGGGTAGGTTTAT T GCCTGTGTTICCAAGTGTGAACAAMACAGTGT
GTGATCTATTCTTGGAT ‘AETH\:mT(,AGFAiT ATTCAAACCCAGTCTCTCTCCAGGACATAAAACTG
AAATCAGATATGTTCTTTTTAAGCCCAAACCCTCTCCTYTCTAGATCCAACCCTTCACCCCTAATTTTAT
GCATGGCTATAGCCATOGACTTCCCCAAGAAAAGATCACCCAGAAATAAGACCACCTGTGACAGTTACT
AGCTTTTATTCATAACCTTAGCTTCCCAACTATTGAGCATTTTCTAAGGTCCCTGCTETCTTTTGGTCTC
TOCGTTTGATTTCTGGUAAACAGATGAAGTAACAGACTGC TATGAAGGACCACAAAAACGGCAGCCTCT
GGAAAAACCATTAGAAAGTCAGTGGCAGATCCAGTAAATAATATCGCCAGCCTCAGCATAATCTGCTG
CTGACTCGATTCAGTGGACTCTAAAGTGCCCAGCCTCCTGACCTGAGCTCTCOTGCCATCTETGAGAC
TACCAGAGGTCTTATCTGCTGTCCACATGGCAACTGGGCATCGAGTACCTGGCCACCTTGCTTCCCTCY
TTGCCTGGTCCAAGTCAGTGTCTGCTGCCTCTSTCCTGCCTTGTTITICCTGGCTCTAAACCAACTCCA
CCCACTCTTAATGGAAACTCAGTCTGGECTTTGTGTGTTTICTGGGAAGCACATGACTTCTGGGAS
CAAGGAAGAGGAGTGAAACAAALACTGTCAGCTATGTGTGLCTGGTCTGGGATCCTTCTOTGEET
AGTGGCATCATGAATCTTAGAATCAGCTCCCC

114

hsALDHZ

GAATCATGCAAGCTTCCTCOCTCAGCCATTGATGGAAAGTTCAGCAAGATCAGCAACAAAACCAAGAA
AAATCGATCCTTGCGTGCTGAATATCTGAAAAGAGAAATTTTTCCTACAAAATCTCTTGGGTCAAGAAAG
TTICTAGAATTTOAATTGATAAACATOGTCOOTTGGCTEAGGEETAAGAGTATATCAGGAACCTTTTAAAC
GACAACAATACTGCTAGCTTTCAGGATGATTTTTAAAAAATAGATTCAAATGTGTTATCCTCTCTCTGAA
ACGCTTCCTATAACTCGAGTTTATAGGGGAAGAAAAAGCTATTGTTTACAATTATATCACCATTAAGGCA
ACTOCTACACCCTGCTTTGTATICTGGGOTAAGATTCATTAAAAACTAGCTGCTCTTAACTTACA

hsCOX10

GAGCACTGGGACGCCCACCGCCCCTTTCCCTCCBCTGCCAGGCGAGCATGTTGTCGTAATTCTGGAA
CACAAGAAGAGAAATTGCTGEETTTAGAACAAGATTATAAACGAATTCGGTGCTCAGTGATCACTTGAC
AGTTTTTTTTTTTITTAAATATTACCCAAAATGCTCCCCAAATAAGAAATGCATCAGCTCAGTCAGTGAAT
ACAAAAAAGGAATTATTTTTCCCTTTGAGGGTCTTTATACATCTCTCCTCCAACCCCACCCTCTATTCTG
TTTCTTCCTCCTCACATGGGGET l-\CALJATACACAQ:CTTCCTCTYTT"" GTTCCATCCTTACCACCACACC
ACACGCACACTCCACATGCCCAGCAGAGTGGCACTTGGTGGCCAGAAAGTGTGAGCCTCATGATCTG
CTGTCTGTAGTTCTGTOAGCTCAGGTCCCTCAAAGGCCTCGGAGCACCCCCTTCCTGGTSACTGAGC

CAGGGCCTG CnTTTTTGGTTTTCCCCnGCCuACAGATTCTGAACCf\"ACTCCT"'CTAACAAT/—'\ CAATA

GCTAGGACCCGGCTGCTGTGCACTGGRGACTCEGEGATTCCACATGTTTGCCTTGGBAGTCTCAAGCTG
GACTGCCAGCCCCTGTCCTCCCTTCACCCCCATTGUGTATGAGCATTTCAGAACTCCAAGGAGTCACA
GGCATCTTTATAGTTCACGTTAACATATAGACACTGTTCGGAAGCAGTTCCTICTAAAAGGGTAGCCCTG
GACTTAATACCAGCCGRATACCTCTGGCCCCCACCCCATTACTEGTACCTCTGGAGTCACTACTGTGGG
TCGCCACTCCTCTGCTACACAGCACGGCTTTTTCAAGGCTCTATTGAGAAGGGAAGTTAGGAAGAAGEG
GTGTGCTGGGCTAACCAGCCCACAGAGCTCACATTICCTGTCCCTTGEOTGAAAAATACATGTCCATCO
TGATATCTCCTGAATTCAGAAATTAGCCTCCACATGTGCAATGGCTTTAAGAGCCAGAAGCAGGGTTCT
GGGAATTTTGCAAGTTATCCTGTGECCAGETGTGGTCTCGGTTACCAAATACGGTTACCTGCAGCTTT

TTAGTCCTTTGTGCTCCCACGGGTCTGCAGAGTCCCATCTGCCCAAAGGTCTTGAAGCTTGACAGGAT
GTTTTCATTACTCAGTCTCCCAGGGCACTGCTGETCCGTAGGGATTCATTGGTCE GGG TCGGAGAGTT
AAACAACATTTAAACAGAGTTCTCTCAAAAATGTCTAAAGGGATTGTAGGTAGATAACATCCAATCACT

GTTTGCACTTATCTGAAATCTTCCCTCTTGGCTGCCCCCAGGTATTTACTGTGOAGAACATTGCATAGS
AATGTCTGGAAAAAGCCTCTACAACTTGTTACAGCOTTCACATITGTACAATTICATTGATTCTCTTTTCC
TTCCACAATAAAATGGTATACAAGAAC

hsUQCRFS1

GAGACTTGGACTCAAGTCATAGGCTTCTTTCAGTCTTTATGTCACCTCAGGAGACTTATT TGAGAGGAA
GCCTTCTGTACTTIGAAGTTGATTTGAAATATGTAAGAATTGATGATGTATTTGCAAACATTAATGTGAAA
TAAATTGAATTTAATGTTGAATACTTTCAGGCATTCACTTAATAAAGACACTGTTAAGCACTGTTATGCT
CAGTCATACACGCGAAAGGTACAATGTCTTTTAGCTAATTCTAATTAAAAATTACAGACTGGTGTACAA
GATACTTGTG

hsNDUFV1

CCCACCACCCTGGCCTGCTGTCCTGCGTCTATCCATGTGGAATGCTGGACAATAAAGCGAGTGCTGC
CCACCCTCCAGCTHBCD

hsNDUFV2

TTTATATTGAACTGTAAATATGTCACTAGAGAAATAAAATATGGACTTCCAATCTACGTAAACTTA

hsS0D2

ACCACGATCGTTATGCTGAGTATGTTAAGCTCTTTATGACTGTTTTTGTAGTGGTATAGAGTACTGCAG
AATACAGTAAGCTGCTCTATTGTAGCATTTCTTGATGTTGCTTAGTCACTTATTTCATAAACAACTTAAT
GTTCTGAATAATTTCTTACTAAACATTTTGTTATTGGGCAAGTGATTGAAAATAGTAAATGCTTTGTGTG
ATTGA

TCTTGGAATATAAAGAATTTCTTCAGGTTGAATTACCTAGAAGTTTGTCACTGACTTGTETTCCTGAACT
ATGACACATGAATATCTGGGCTAAGAAATAGTTCCTCTTGATAAATAAACAATTAACAAATACTTTGGAC
AGTAAGTCTTTCTCAGTTCTTAATGATAATGCAGGGCACTTACTAGCATAAGAATTOGTTTGGGBATTTAA
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CTGTTTATGAAGCTAACTTGATTTCCGTGTTTTGTTAARAATTTCATTGTTCTAGCACATCTTTAACTGETGA
TAGTT

121 | hsiRP1 GAGACGTBLACTIGG TCOTOLBLCCAGGRAGGAAGCCGLACLACCAGCCAGLBLAGRLLCTGG T
BABAGBLCTCCCTGGETACCTC TOGGAGGGETGCTECC TTGTABATGGAGCAASTGAGCACTGAGS
GTCTGGTBCCAATCCTGTAGGCACAAAACCAGAAGTTTCTACATTCTCTATTTTTGTTAATCATCTTCTS
TYTTTCCAGAATTTGGAAGC TAGAATGGTGGGAATGTCAGTAG TGO CAGAAAGAGAGAALCAAGCTTG
TCTTTAAAGTTACTGATCACAGBACGTTGCTTTTTCACTGTTTCCTATTAATCTTCAGCTGAACACAAGT
AAACCTTCTCAGGAGGTETCTCCTACCCTCTTATTGTTCCTCTTACGCTCTGLTCAATGAAACCTTCCT
CTTGAGGGTCATTTTCCTTTCTGTATTAATTATACCAGTGTTAAGTGACATAGATAAGAACTTTGCACAC
TTCAAATCAGAGCAGTGATTCTCTCTTCTCTCCCCTTTTCCTTCAGAGTBAATCATCCAGACTCCTCAT
GGATAGGTCGGETGTTAAAGTTGTTTTGATTATGTACCTTTTGATAGATCCACATAAAAAGAAATETGA
AGTTTTCTTTTACTATCTTTTCATTTATCAAGCAGAGACCTTTETTGRBAGGCEGTTTEGGAGAACACA
TTTCTAATTTGAATGAAATGAAATCTATTTICAGTG
122 | hsWMRPS1Z CAGAAGAAGTGACGGCTBOOGECACAGTGGHBLTGGGECGOCCCTRLAGAACATGAACTTCCGETOR
TBGCTGCCACABGGTCCTCCGATGCTBGCC TTTGCGCC T TAGABGCAGCCACTCATGGATTCAAGT
CCTGGCTCCGCOTCTTCCATCAGBAGGACT
125 | hsATFSJ2 AGAGGACACACTCTGCACCCCCCCACCCCACGACCTIGGCCCGAGCCCCTCCGTCAGGAA
124 | mSOD2 AGCCCTTCLBLLAGELTGTGTGTLAGBCLLGTGGTOGGTIATITTGTAGTAGTGTAGAGCATTGCA
125 | hsOXAIL CTTATGTICTG TGCGCATTC TGGCAGGAATTCTGTICTCTTCAGAGAC TCATCCTCAARACAAGACTTGA
CACTGTBTCCTTGCCCCAGTCCTAGGAACTETGGCACACAGAGATE TTCATTTTAAAAACGGATTTCAT
GAAACACTCTTGTACTTATGTTTATAAGAGAGCACTOGGTAGCCAAGTGATCTTCCCATTCACAGAGTT
AGTAAACCTCTETACTACATGCTER
126 | MTS-COKID | MAASPHTLSORLLTGCVOGOVWYLERRT
127 | MTS-COXB MSVL TRLLLRGLTRLGSAAPYRRARIFSL
128 | MTS-OPA1 MWRLRRAAVA
126 | hsCOX10 MAASPHTLSSRLLTGCYGGSVWYLERRT
130 | scRPMZ2 MAFKSFIYSKGYHRSAAQKKTATSFEDEE YQYL RANQGLVNSDP VL HASHLHPHP VWVANVNYNNVDDILH
PHDLDSSINNTNNPLTHEELLYNONVSLRSLKOQQSTNYVNNNNNNQHRYY
131 | 1cSirth MRHRSLRCHLWSANASL SPRKDEVT SRKESENL VKGKKNKKSHLHLLLFTASKIGTDSVFDVGKSKECCKE
LGLLETSLIHSIGSFPFDEEPKAAAVELPGSLPOL TVLVLAPGSGSCPTGKS TPHLAASGRNAELLRPANSMI
VRQFTCRGTISSHLCAHL RKPHDSRNMARP
1327 | tbNDUST MLRRTSFNF TORAMISR G SPEWSHRLOLKKGHIK T TMMHKLG T SKPNNALQYAGQMTL
133 | ncacr2 MISREALSROSALALRRPAMAKTAGRGFAAAMASPAASYERTTIAG
134 | hsATPAEG2 MPELILYVAITLSVAERLVGPGHACAEPSFRSSRCSAPLCLLC SGESSPATAPHPLKVIFAC SKFVSTPSLVK
STSQLLSRPLSAVVLKRPEIL TDESLSSLAVSCPLTSLVSSRSFQTSAISRDIDTA
135 | hsLACTB MYRLMBAVTARAAAPGGLASECGRRGVHQRAGLPPLGHGWVGGL GLOLGLALGVKLAGGLRGAAPAGS
PAAPDPEASPLAEPPQEQSLAPWSPOTPAPPC SRCFARAIESSROLL
136 | spivi MTYLAPLRRLHTRAAF 68 YGREIALGRRFLNLNSC SAVRRY G T GF SNNLRIKKLKNAF GVVRANS TS TSTV
TTASPIKYDSSFVGKTGGEIFHDMMLKHNVKHVFBYPGGAILPVEDAIYRSPHFEFILPRHEQAAGHA
137 | gmCOX2 MILCPLEAFIVGHIL TISVMGLL SCFRSTVLRKC BKGSSGMSRFLY TNNFQRNLISSGONESYY G YENRRSY
TSLYMGTGTVGGI TSARIRVPNVG CEGFMCSSHLSI TORNSRLIHS TSKIVPN
138 | orATPS MALQQAAPRVFGLLGRAPVAL GUSGIL TGSSGFKNQGENGSLQSVENHVYAQAF ST SQEEGAAPSIOGA
SOMKLPOMAGSMLLGKSRSGLRTGSMVPFAAQQAMNM
139 | hsOPA1 MWRLRRAAVACEVC QS VKHESGIKGSLPLAKLHLVSRSIYHSHHPTLKLQRPOALR TSFQQFSSLTNLPLR
KLKFSPIKYGYQPRRN
140 | hsSDHD MIAVLWRL SAVCGALGORALLLR TPVVRPAHISAFL ODRPIFEWG GYQHIHLSPSHH
147 | hsADCKS MAAILGD TIMVAKGL VKL TOAAVE THLQHL GIBGELIMAARAL QS TAVE QI GIMF LOKVAG ADKHEE YFAENF
GGPEGEFHFSYPHAAGAS TDFSSASAPDQSAPPSLGHAHSE GPAPAYVASGRFREAGFPGUASSPLERA
NGRLFANPRDSFSAMGFQRRE
142 | 0sP0B44B08. | MALLLRHSPKLRRAHAILGCERGTVVRHFSSSTCSSLVKED TVSSSNLHPEYAKKIGGSDF SHDRQSGKEL
24-2 QNFKVSPOEASRASNEMRASKY GMPITANGVHSLFSCGQVVPSRCE

143 | Neurospora MASTRVLASRLAGGMAASAKVARPAVRVAQVEKRTIGTGOPLQTLKRTQMTSIVNAT TROAFOKRA
crassa ATPRS
(NGATPY)

144 | hsGHITM MLAARLYCLRTLPSRVFHPAF TKASPYVKNSI TKNGWLLTPSRE

145 | hsNDUFAB1 | MASRVLSAYVSRLPAAFAFLPRVRMLAVARPLSTALCSAGTQTRLG TLQPALYLAGVPGRVTQLCRGY

146 | hsATP5G3 MFACAKLACTPSLIRAGSRVAYRPISASVLSRPEASRTGEGSTVFNGAGNGVSQLIOREFQTSAISR

147 | rATPS MALQQAAPRVFGLLGRAPVALGGSGIL TGS SGFKNQGFNGSLQSVENHVYAQAFSTSSQEEGAAPSIOGA

_NSADCK3 SOMKLPGMAGSMLLGKSRSGLR TG SMVPFAAGOAMNMG GMAAILGD TIMVAKGLVKLTQAAVE THLGHL
GIGOELIMAARALOS TAVEQIGMFLGKVQGODKHEEYFAENFGGPEGEFHF SYPHAAGAS TDFSSASAPD
QSAPPSLGHAHSEGPAPAYYASGPFREAGFPGOASSPLGRANGRLFANPRDSFSAMGFQRRFGE

148 | oA TRE_ncAT | MASTRVLASRLASGMAASAKVARPAVIVAGVAKRTIGT GOPLATLKRT QM T SIVNAT T ROAF QRRAMAST

Pg

RVLASRLASQMAASAKVARPAVRVAQVEKRTIOTGSPLQTLKRTQMTSIVNATTRQAFGKRA

L
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149 2l OC10028 | MALLRAAVSELRRRGRGALTPLPALSSLLESSLSPRSPASTRPEPNNFHADRRHVIALRRCPPLPASAVLAPE
2174 LEHARGLLPRHWSHASPLETSSSSSRPADKAQL TWVDIWIPEAARPY
150 noATPY_zrml MASTRVLASRLASQMAASAKVARPAVRVAQVEKRTIGTGSPLATLKRTAMTSIVNATTRQAFQKRAMALLR
OC100282174 | AAVSELRRRGRGALTPLPALSSELLSSLSPREPASTRPEPNNPHADRRHVIALRRCPPLPASAVLAPELLHAR
_Spilvi_ncAT GLLPRHWSHASPLSTESSES8RPADKAGL TWVDKWIFEAARPYMTVLAPLRRLHTRAAFSSYGREIALQKRF
P8 LNLNSCSAVRRYGTGFSNNLRIKKLKNAFGVVRANSTKSTSTVTTASPIKYDSSFVGKTGGE IFHDMMELKH
NVKHVFGYPGGAILPVFDAIYREPHFEFILPRHEQAAGHAMAS TRVLASRLASOMAABAKVARPAVRVAQV
SKRTIOTGSPLQTLKRTQMTSIVNATTRQAFQKRA
151 zmlOC10028 | MALLRAAVSELRRRGRGALTPLPALSSLLESLSPREPASTRPEPNNPHADRRHVIALRRCPPLPASAVLAPE
2174_hsADC LEHARGLLPRHWSHASPLETSSSSSRPADKAQL TWVDKWIPEAARPYMAAILGD TIMVAKGLVKLTQAAVE
K3_crATPS THLQHLGIGGELIMAARALGSTAVEQIGMFLGKVQGAQDKHEEYFAENFGGPEGEFHFSVPHAAGASTDFS
_hsATP5G3 SASAPDQSAPPSLGHAHSEGPAPAYVASGPFREAGFPGQRASEPLGRANGRLFANPRDESFSAMGFORRF
MALQQAAPRVFGLLGRAPVALGQSGILTGSSGFKNQGFNGSLQSVENHVYAQAFSTSSQEEQAAPSIQGA
SGMKLPGMAGSMLLGKERSGLRTGSMVPFAAGQAMNMMFACAKLACTPSLIRAGERVAYRPISASVLER
PEASRTGEGSTVENGAQNGYSOLIQREFQTSAISR
152 zmlOC10028 | MALLRAAVSELRRRGRGALTPLPALSSLLESLSPREPASTRPEPNNPHADRRHVIALRRCPPLPASAVLAPE
2174_hsADC LEHARGLLPRHWSHASPLSTSS8SSRPADKAOLTWVDKWIPEAARFPYMAAILGD TIMVAKGLVKLTQAAVE
K3_hsATP5G | THLQHLGIGGELIMAARALQSTAVEQIGMFLGKVQGQDKHEEYFAENFGGPEGEFHFEVPHAAGASTDFS
3 SASAPDQSAPPSLGHAHSEGPAPAYVASGPFREAGFPGQASSPLGRANGRLFANPRDSFSAMGFORRF
MFACAKLACTPSLIRAGESRVAYRPISASVLSRPEASRTGEGSTVFNGAGNGVSQLIOREFQTSAISR
153 ncATPY_zml. MASTRVLASRLASOMAASAKVARPAVRVAQVSKRTIQTGEPLQTLKRTAMTSIVNATTRQAFOKRAMALLR
OC100282174 | AAVSELRRRGRGALTPLPALSSLLSSLEPRSPASTRPEPNNPHADRRHVIALRRCPPLPASAVLARPELLHAR
GLLPRHWSHASPLETSS8SSRPADKAQL TWVDKWIPEAARPY
154 hsADCK3_zm | MAAILGD TIMVAKGLVKLTQAAVETHLOHLGIGGELIMAARALQSTAVEQIGMFLGKVOQGQADKHEEYFAENF
LOC10028217 | GGPEGEFHFSVPHAAGASTDFSSASAPDOSAPPSLGHAHSEGPAPAYVASGPFREAGFPGOASSPLGRA
4_crATPS NGRLFANPRDSFEAMGFQRRFMALLRAAVSELRRRGRGALTPLPALSSLLESLEPREPASTRPEPNNPHA
_hsATPEG3 DRRHVIALRRCPPLPASAVLAPELLHARGLLPRHWSHASPLETSSSSERPADKAQLTWVDKWIPEAARPY
MALQQAAPRVFGLLGRAFVALGQSGIL TGS SGFKNQGFNGSLAOSVENHVYAQAFSTSSQEEQAAPSIQGA
SCMKLPGMAGSMLLGKSREGLRTGEMVPFAAQQAMNMMFACAKLACTPSLIRAGSRVAYRPISASVLER
PEASRTGEGSTYFNGAQNGYSQLIOREFQTSAISR
155 crATP8 MALOQAAPRVFGLLGRAPVALGQSGILTGESSGFKNOGFNGSL GSVENHVYADAFSTSEQEEQAAPSIQGA
_hsADCK3_z SCGMKLPGMAGEMLLGKSREGLRTGSMVPFAAQQAMNMMAAILGD TIMVAKGLVKLTQAAVETHLQHLGIG
mLOC100282 | GELIMAARALQSTAVEQIGMFLOKVQGQDKHEEYFAENFGGPEGEFHFSVPHAAGASTDFSSASAPDQSA
174_hsATPS PPSLGHAHSEGPAPAYVASGPFREAGFPGUASSPLGRANGRLFANPRDSFSAMGFQRRFMALLRAAVSE
G3 LRRRGRGALTPLPALSSLLESSLEPREPASTRIPEPNNFPHADRRHVIALRRCPPLPASAVLAPELLHARGLLPR
HWSHASPLETESSSERPADKAQLTWVDKWIPEAARPYMFACAKLACTPSLIRAGERVAYRPISASVLERPE
ASRTGEGESTVENGAQNGYSOLIQREFOTSAISR
156 hsADCK3_zm LGDTIMVAKGLVKL TQAAVETHLQHLGIGGELIMAARALQSTAVEQIGMFLGKVAGQDKHEEYFAENF
LOC10028217 “HFSVPHAAGASTODFSSASAPDQSAPPSLGHAHBEGPAPAYVASGPFREAGFPGQRASSPLGRA
4 ROSFSAMGFORRFGGMALLRAAVEELRRRGRGALTPLPALSSLLSSLSPRSPASTRPEPNNP
HADRRHVIALRRCPPLPASAVLAPELLHARGLLPRHWSHASPLSTSSSSERPADKAQLTWVDKWIPEAARP
YGG
187 hsADCKS_zm | MAAILGDTIMVAKGLVKLTOAAVETHLQHLGIGGELIMAARALOSTAVEQIGMFLOKVQGODKHEEYFAENF
LOC10028217 | GGPEGEFHFSVPHAAGASTDFSSASAPDUSAPPSLGHAHSEGPAPAYVASGPFREAGFPGOASSPLGRA
4_crATPg RDSFEAMGFQRRFGGMALLRAAVSELRRRGRGALTPLPALSSLLSSLEPREPASTRPEPNNP
HADRRHVIALRRCPPLPASAVLAPELLHARGLLPRHWSHASPLSTSSE88SRPADKAGLTWYDKWIPEAARP
YGEGMALOOAAPRVFGLLGRAPVALGQSGILTGSEGFKNOGFNGSLASVENHVYAQAFSTSBQEEQAAPS!
QCASGMKLPGMAGEMLLGKSREGLRTGBMVPFAAQQAMNMGG
158 noATPY_zmil. MASTRVLASRLASGMAASAKVARPAVRVAQVSKRTIQTGSPLOTLKRTOMTSIVNATTROAFQKRAMALLR
0C100282174 | AAVSELRRRGRGALTPLPALSSLLESLSPREPASTRPEPNNPHADRRHVIALRRCPPLPASAVLAPELLHAR
_Spilvi_GNFP | GLLPRHWSHASPLETSSESSRPADKAGL TWVDKWIFEAARPYMTVLAPLRRLHTRAAFSSYGREIALQKRF
_NCATPS LNLNSCBAVRRYGTGFSNNLRIKKLKNAFGVYVRANSTKESTSTVTTASPIKYD SSFVGKTGGEIFHDMMLKH
NVKHVFGYPGGAILPVFDAIYRSPHFEFILPRHEQAA VEGEGDATYGKLTLKFICTTGKLPVPWRTLVT
TLTYGVQCFSRYPDHMKQHDFFKSAMPEGYVQER DDGNYKTRAEVKFEGDTLVNRIELKGIDFKED
GNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIERGSVOLADHYQAONTPIGDGPVLLPODNHYLSTGS
ALSKDPNEMASTRVLASRLASQMAASAKVARPAVRVAQVSKRTIGTGSPLATLKRTOMTSIVNATTROAFQ
KRA
159 nCATPY_zmlL MASTRVLASRLASOMAASAKVARPAVRVAQVSKRTIQTGSPLATLKRTOMTSIVNATTRQAFQRKRAMALLR
0C100282174 | AAVSELRRRGRGALTPLPALSSLLSSLSPREPASTRPEPNNFHADR AALRRCPPLPASAVLAPELLHAR
_Spitvi_{oSint5 | GLLPRHWSHASPLSTSSESSRPADKAGLTWYDKWIPEAARPYMTVLAPLRRLHTRAAFSSYGREIALQKRF
_05P0644806 | LNLNSCBAVRRYGTGFSNNLRIKKLKNAFGVYVRANSTKSTSTVTTASFIKYDSSFVGKTGGEIFHDMMLKH
.24~ NVKHVFGYPGGAILPVFDAIYREPHFEFILPRHEQAAGHAMRKRSLRCHLWSANASLSPRKDEVTSRKESE
2_hsATP5G2 NLVKGKENKKSHLHLLLF TASKIGTRSVFDVOKSKECCKELGLLFTSLIHSIGSFPFDEEPKAAAVFLPGSLP
_NcATPg QLTVLVLARPGSGECPTGKSTPHLAASGRNAELLRPQNSMIVRQFTCRGTISSHLCAHLRKPHD SRNMARP
MALLLRHEPKLRRAHAILGCERGTVVRHFSSETCSSLVKED TVESSNLHPEYARKIGGSDFSHDRQSGKEL
QNFKVEPOEASRASNFMRASKY GMPITANGVHSLFSCGQVVPSRCFMPELILYVAITLEVAERLVGPGHAC
AEPSFRESRCSAPLCLLCSGESSPATAPHPLKMFACSKFVETPSLVKETSOLL SRPLEAVVLKRPEILTDES
LSSLAVSCPLTSLVESRSFQTSAISRDIDTAMASTRVLASRLASOMAABSAKVARPAVRVAQVSKRTIQTGSP
LOTLKRTOMTSIVNATTROAFQKRA
160 ND4 MLKLIVPTIMLLPL TWL SKKHMIWINTTTHSLHSHPLLFFNQINNNLFSCSPTFSSDPLTTPLLMLTTWLLPLT]

MASOR! = PLERKKLYLSMLISLQISLIMTFTATELIMFYIFFETTLIPTLAITRWGONQPERLNAGTYFLFYT
LVGSLPLLIALIYTHNTLGSLNILLLTLTAQEL SNSWANNLMWLAYTMAFMVKMPLYGLHLWLPKAHVEAPIA
GESMVLAAVLLKLGGYGMMRLTLILNPLTKHMAYPFLVL SLWGMIMTSSICLRQTDLKSLIAYSSISHMALVVT

a3
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AILIGTPWSFTGAVILMIAHGLTSSLLFCLANSNYERTHSRIMILSQGLOTLLPLMAFWWLLASLANLALPPTIN
LLGELSVLVTTFSWSNITLLLTGLNMLVTALY SLYMFTTTQWGSLTHHINNMKPSFTRENTLMFVHLSPILLL

SLNPDITGFSS

161 NDg8 MMYALFLLSVGLVYMGFYGFESKPSPY GGLVLIVSGVVGCVIILNFGCGYMGLMVFLIYLGGMMVVFGYTTA
MAIEEYPEAWGSGVEVLVSVLVGLAMEVGLVLWVKEYDGVVVVVNFNSVGEWMIYEGEGSGLIREDPIGA

GALYDYGRWLVVVTEGWTLEVGVYIVIEIARGN

162 N MANLLLLIVPILIAMAFLMLTERKILGYMQLRKGPNVVGPYGLLQPFADAIKLFTKEPLKPATSTITLYITAPTLA
LTIALLLWTPLPMPNPLYNLNLGLLFILATSSLAVY SILWSGWASNSNYALIGALRAVAQTISYEVTLANRLLSTL
LMSGSFNLSTLITTQEHLWLLLPSWPLAMMWFISTLAETNRTPFDLAEGESELVSGFNIEYAAGPFALFFMA

EYTNHMMNTLTTTIFLGTTYDALSPELYTTYFVTKTLLLTSLFLWIRTAYPRFRYDQLMHLLWIRNFLPLTLALL
MWYVSMPITISSIPPQT

Adeno-associated virus (AAVY)
{8867 Adeno-associated virus (AAV) is a small virus that infects humans and some other primate
species. The compositions disclosed herein comprises firstly an adenc-associated virus (AAV)
genome or a derivative thereof.
{BB6E] An AAV genome is a polynucleotide sequence which encodes functions needed for
production of an AAY viral particle. These functions include those operating in the replication and
packaging cycle for AAVY in a host cell, including encapsidation of the AAV genome into an AAV
viral particle. Naturally occurring AAV viruses are replication-deficient and rely on the provision of
helper functions in trans for completion of a replication and packaging cycle. Accordingly, the AAY
genome of the vector of the invention is typically replication-deficient.
{88651 The AAV genome can be in single-stranded form, either positive or negative-sense, or
alternatively in double-stranded tform. The use of a double-stranded form allows bypass of the DNA
replication step in the target cell and 50 can accelerate transgene expression.
{#878] The AAVY genome may be from any naturally derived serotype or isolate or Glade of AAV.
Thus, the AAV genome may be the full genome of a naturally occurring AAV virus. As 15 known to
the skilled person, AAV viruses occurring in nature may be classified according to various
biological systems.
{#871] Commonly, AAV viruses are referred to in terms of their serotype. A serotype corresponds to
a variant subspecies of AAY which owing to its profile of expression of capsid surface antigens has
a distinctive reactivity which can be used to distinguish it from other vanant subspecies. Typically, a
virus having a particolar AAV serotype does not efficiently cross-react with neutralising antibodies
specific for any other AAV serotype. AAV serotypes include AAVI, AAV2, AAV3, AAV4 AAVS,
AAVE, AAVT, AAVS, AAVO, AAVIO, AAVIL, AAVI2, AAVI3, AAV14, AAVIS, and AAV1G,
also recombinant serotypes, such as RecZ and Rec3, recently identified from primate brain.
{88721 A preferred serotype of AAY for use in the invention 1s AAV2. Other serotypes of particular
mnterest for use in the invention include AAV4, AAVS and AAYS which efficiently transduce tissue
m the eye, such as the retinal pigmented epithelium. The serotype of AAY which 1s used can be an
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AAY serotype which is not AAV4. Reviews of AAV serotypes may be found in Choi et al {Cusr
(Gene Ther. 2005; 5(3); 299-310} and Wu et al (Molecular Therapy. 2006, 14(3), 316-327). The
sequences of AAV genomes or of elements of AAV genomes including ITR sequences, rep or cap
genes for use in the invention may be derived from the following accession numbers for AAY whole
genome sequences: Adeno-associated virus 1 NC 002077, AF063497; Adeno-associated virus 2

NC _001401; Adenc-associated virus 3 NC_001729; Adeno-associated virus 38 NC 001863,
Adenoc-associated virus 4 NC 001829; Adeno-associated virus 5 Y18065, AF085716; Adeno-
associated virus 6 NC_001862; Avian AAV ATCC VR-865 AY 186198, AY629583, NC _004828;
Avian AAY strain DA-1 NC_006263, AY629583; Bovine AAV NC 005889, AY388617.

{80731 AAV viruses may also be referred to 10 terms of clades or clones. This refers to the
phylogenetic relationship of naturally derived AAV viruses, and typically to a phylogenetic group of
AAV viruses which can be traced back to a common ancestor, and includes all descendants thereof
Additionally, AAV viruses may be referred to in terms of a specific isolate, 1.e. a genetic 1solate of a
specific AAV virus found i nature. The term genetic 1solate describes a population of AAV viruses
which has undergone limited genetic mixing with other naturally occurring AAV viruses, thereby
defining a recognisably distinct population at a genetic level.

{8474} Examples of clades and 1solates of AAV that may be used in the invention include: Clade A:
AAVTE NC 002077, AF063497, AAVO NC 001862, Hu. 48 AYS530611, Hu 43 AY 530606, Hu 44
AY530607, Hu 46 AYS530609; Clade B: Hu. 19 AYS530584, Hu. 20 AYS30586, Hu 23 AY 530589,
Hu22 AYS30588, Hu24 AYS30590, HuZi AYS30587, Hu27 AYS30592, Hu28 AYS30593, Hu 29
AY530594, Hu63 AY530624, Hutd AYS530025, Hul3 AYS530578, HuS6 AY 530618, Hus7
AYS530619, Hud® AYS530612, Hu38 AY 530620, Hu34 AYS30598, Hu35 AYS530599, AAV2

NC 001401, HudS AY330608, Hud? AY330610, HuS1 AY330613, HuS2 AY530614, Hu T41
AY695378, Hu S17 AY695376, Hu T88 AY695375, Hu T71 AY695374, Hu T70 AY695373, Hu
T40 AY695372, Hu T32 AY695371, Hu T17 AY695370, Hu LG135 AY695377, Clade C: Hu9
AY530629, Hul0O AYS30576, Hull AYS30577, HuS3 AYS530615, HuSS AYS30617, HuS4
AYS530616, Hu7 AYS30628, Hul® AYS30583, Huls AYS530580, Hul6 AYS30581, Hu2s
AYS530591, Huo0 AYS30622, ChS AY243021, Hu3 AYS30595, Hul AYS30575, Hud AYS30602
Hu2, AYS305835, Hutl AYS30623; Clade . Rh62 AYS30573, Rhd8 AYS30561, Rh34 AYS530567,
Rh55 AY530568, Cy2 AY243020, AAV7 AFS513851, Rh35 AY 243000, Rh37 AY242998, Rh36
AY242999 Cy6 AY243016, Cyd AY243018, {y3 AY243019, CyS AY243017, Rh13 AY 243013,
Clade E: Rh38 AY530558, Huoo AYS530626, Hud2 AYS530605, Huo7 AY 530627, Hudl AY 530603,
Hudl AY530604, Hu37 AYS30600, Rh40 AY 530559, Rh2 AY243007, Bbl AY243023, Bb2
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AY243022, Rh10 AY243015, Hul7 AYS30582, Hub AY 530021, Rh25 AYS530557, Pi2 AYS30554,
Pil AYS30553, P13 AYS530555, Rh57 AYS530569, Rh30 AYS530563, Rh4% AY 5303562, Hu39
AYS530601, Rh58 AYS530570, Rh6el AYS30572, Rh32 AYS30565, RhS3 AYS530566, Rh51
AY5303564, Rho4 AY530574, Rh43 AYS30560, AAVS AF513852, Rh83 AY242997, Rhi
AY530556; Clade F: Huld (AAV9) AYS530579, Hu31 AYS530596, Hu3Z AY 530597, Clonal Isolate
AAVS Y18065, AF085716, AAV 3 NC_001729, AAV 3B NC_001863, AAV4 NC_001829, Rh34
AY243001, Rh33 AY243002, Rh32 AY243003.

{3878] The skilled person can select an appropriate serotype, Glade, clone or isolate of AAV for use
in the present mvention on the basis of their common general knowledge. For instance, the AAVS
capsid has been shown to transduce primate cone photoreceptors efficiently as evidenced by the
successtul correction of an inherited color vision defect (Mancuso et al., Nature 2009, 461:784-7),
{88781 It should be understood however that the mvention also encompasses use of an AAV genome
of other serotypes that may not vet have been identified or characterised. The AAV serotype
determines the tissue specificity of mfection (or tropism) of an AAV virus. Accordingly, preferred
AAV serotypes for use in AAV viruses admunistered to patients in accordance with the invention are
those which have natural tropism for or a high efficiency of infection of target cells within eye in
LHON. Thus, AAV serotypes for use in AAV viruses admunistered to patients can be ones which
infect cells of the neurosensory reting and retinal pigment epithelium.

{8877 Typically, the AAV genome of a naturally derived serotype or isolate or Glade of AAY
comprises at ieast one inverted terminal repeat sequence (JTR). An I'TR sequence acts in cis to
provide a functional origin of replication, and allows for integration and excision of the vector from
the genome of a cell. In preferred embodiments, one or more I'TR sequences flank the polynucleotide
sequence encoding NID4, ND6, or ND1 or a variant thereof. Preferred I'TR sequences are those of
AAV2, and varianis thereof The AAV genome typically also comprises packaging genes, such as
rep and/or cap genes which encode packaging functions for an AAV viral particle. The rep gene
encodes one or more of the proteins Rep78, Rep68, Rep32 and Repd0 or variants thereof. The cap
gene encodes one or more capsid proteins such as VP, VP2 and VP3 or variants thereof. These
proteins make up the capsid of an AAV wviral particle. Capsid variants are discussed below.

{88781 A promoter will be operably linked to each of the packaging genes. Specific examples of
such promoters mclude the p3, pl? and p40 promoters (Laughlin et al., 1979, PNAS, 76:5567-5571).
For example, the p5 and p19 promoters are generally used to express the rep gene, while the p40

promoter is generally used to express the cap gene.
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{88781 As discussed above, the AAV genome used in the vector of the inveniion may therefore be
the full genome of a naturally occurring AAY virus. For example, a vector comprising a full AAY
genome may be used to prepare AAV virus n vitro. However, while such a vector may in principle
be administered to patients, this will be done rarely in practice. Preferably the AAV genome will be
derivatised for the purpose of administration to patients. Such derivatisation 1s standard in the art and
the present inventicn encompasses the use of any known derivative of an AAV genome, and
derivatives which could be generated by applying techniques known in the art. Derivatisation of the
AAV genome and of the AAV capsid are reviewed in Coura and Nardi (Virology Journal, 2007,
4:99), and i Choi et al and Wu et al, referenced above.

{80881 Derivatives of an AAV genome include any truncated or modified forms of an AAV genome
which allow for expression of a ND4, N6, or NP1 transgene from a vector of the invention in vivo.
Typically, it is possible to truncate the AAV genome significantly to include mimimal viral sequence
vet retain the above function. This s preferred for safety reasons to reduce the risk of recombination
of the vector with wild-type virus, and also to avoid triggering a cellular immune response by the
presence of viral gene proteins in the target cell.

{B8R1} Typically, a derivative will include at least one mverted termunal repeat sequence (ITR),
preferably more than one [TR, such as two ITRs or more. One or more of the ITRs may be derived
from AAV genomes having different serotypes, or may be a chimeric or mutant FTR. A prefesrred
mutant ITR is one having a deletion of a trs (terminal resolution site). This deletion allows for
continued replication of the genome to generate a single-stranded genome which contains both
coding and complementary sequences i.e. a self-complementary AAV genome. This allows for
bypass of DNA replication in the target cell, and so enables accelerated transgene expression.
{882} The one or more ITRs will preferably flank the polynucleotide sequence encoding ND4,
ND6, ND1, or a variant thereof at either end. The inclusion of one or more ITRs is preferred to aid
concatamer formation of the vector of the invention in the nucleus of a host cell, for example
following the conversion of single-stranded vector DNA into double-siranded DNA by the action of
host cell DNA polymerases. The formation of such episomal concatamers protects the vector
construct during the life of the host cell, thereby allowing for prolonged expression of the transgene
m vivo.

{8883] In preferred embodiments, I'TR elements will be the only sequences retained from the native
AAY genome in the dertvative. Thus, a derivative will preferably not include the rep and/or cap
genes of the native genome and any other sequences of the native genome. This 15 preferred for the
reasons described above, and also to reduce the possibility of integration of the vector into the host
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cell genome. Additionally, reducing the size of the AAV genome allows for increased flexibility in
incorporating other sequence elements {such as regulatory elements) within the vector in addition to
the transgene.

{084} With reference to the AAVZ genome, the following portions could therefore be removed ina
derivative of the invention: One inverted ternunal repeat ({TR) sequence, the replication {rep) and
capsid {cap} genes (NB: the rep gene in the wildtype AAVY genome should not to be confused with
ND4, ND6, or ND1, the human gene affected in LHON). However, in some embodiments, including
m vitro embodiments, derivatives may additionally include one or more rep and/or cap genes or
other viral sequences of an AAV genome. Naturally occurring AAY virus integrates with a high
frequency at a specific site on human chromosome 192, and shows a negligible frequency of random
imtegration, such that retention of an integrative capacity in the vector may be tolerated in a
therapeutic setting,

{8483} Where a derivative genome comprises genes encoding capsid protemns re. VP1, VP2 and/or
VP3, the denvative may be a chimeric, shuffled or capsid-modified derivative of one or more
naturally occurring AAV viruses. In particular, the invention encompasses the provision of capsid
protein sequences from different serotypes, clades, clones, or isolates of AAV within the same
vector i.e. pseudotyping.

{86} Chimeric, shuffled or capsid-modified derivatives will be typically selected to provide one or
more desired functionalities for the viral vector. Thus, these derivatives may display increased
efficiency of gene delivery, decreased immunogenicity (humoral or cellular), an altered tropism
range and/or improved targeting of a particular cell type compared to an AAV viral vector
comprising a naturally occurring AAY genome, such as that of AAV2. Increased efficiency of gene
delivery may be effected by improved receptor or co-receptor binding at the cell surface, improved
internalisation, improved trafficking within the cell and into the nucleus, improved uncoating of the
viral particle and improved conversion of a single-stranded genome to double-stranded form.
Increased efficiency may also relate to an altered tropism range or targeting of a specific cell
population, such that the vector dose is not diluted by administration to tissues where it is not
needed.

{887} Chumeric capsid proteins include those generated by recombination between two or more
capsid coding sequences of naturally occurring AAV serotypes. This may be performed for example
by a marker rescue approach m which non-infectious capsid sequences of one serotype are

cotransfected with capsid sequences of a different serotype, and directed selection 1s used to select



WO 2020/001657 PCT/CN2019/094136

for capsid sequences having desired properties. The capsid sequences of the different serotypes can
be altered by homologous recombination within the cell to produce novel chimeric capsid proteins.
{8888} Chimeric capsid proteins also include those generated by engineering of capsid protein
sequences to transfer specific capsid protein domains, surface loops or specific amino acid residues
between two or more capsid proteins, for example between two or more capsid proteins of different
serotypes.

{80849} Shuffled or chimeric capsid proteins may also be generated by DINA shuffling or by error-
prone PCR. Hybrid AAV capsid genes can be created by randomly fragmenting the sequences of
related AAV genes e.g. those encoding capsid proteins of multiple different serotypes and then
subsequently reassembling the fragments in a self-priming polymerase reaction, which may also
cause crossovers in regions of sequence homology. A library of hybrid AAV genes created in this
way by shuftling the capsid genes of several serotypes can be screened to identify viral clones
having a desired functionality. Similarly, error prone PCR may be used to randomly mutate AAV
capsid genes to create a diverse Hbrary of vanants which may then be selected for a desired property.
{8458] The sequences of the capsid genes may also be genetically modified to introduce specific
deletions, substitutions or insertions with respect to the native wild-type sequence. In particular,
capsid genes may be modified by the insertion of a sequence of an unrelated protein or peptide
within an open reading frame of a capsid coding sequence, or at the N- and/or C-terminus of a capsid
coding sequence.

{891} The unrelated protein or peptide may advantageously be one which acts as a ligand for a
particular cell type, thereby conferring improved binding to a target cell or improving the specificity
of targeting of the vector to a particular cell population. An example might include the use of RGD
peptide to block uptake in the retinal pigment epithelium and thereby enhance transduction of
surrounding retinal tissues (Cronin et al , 2008 ARVO Abstract: D1048). The unrelated protein may
also be one which assists purification of the viral particle as part of the production process i.e. an
epitope or affinity tag. The site of insertion will typically be selected so as not to interfere with other
functions of the viral particle e g. internalisation, trafficking of the viral particle. The skilled person
can identify suitable sites for msertion based on their common general knowledge. Particular sites
are disclosed in Choi et al, referenced above.

{88921 The mvention additionally encompasses the provision of sequences of an AAV genome in a
different order and configuration to that of a native AAV genome. The invention also encompasses

the replacement of one or more AAV sequences or genes with sequences from another virus or with
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chimeric genes composed of sequences from more than one virus. Such chimeric genes may be
composed of sequences from two or more related viral proteins of different viral species.
{8893 The vector of the invention takes the form of a polynuclestide sequence comprising an AAV
genome or derivative thereof and a sequence encoding ND4, ND6, ND1 or a variant thereof.
{8894} For the avoidance of doubt, the invention also provides an AAVY viral particle comprising a
vector of the invention. The AAV particles of the mnvention include transcapsidated forms wherein
an AAV genome or derivative having an I'TR of one serotype is packaged in the capsid of a different
serotype. The AAV particles of the invention also include mosaic forms wherein a mixture of
unmodified capsid proteins from two or more different serotypes makes up the viral envelope. The
AAV particle also includes chemically modified forms bearing ligands adsorbed to the capsid
surface. For example, such ligands may include antibodies for targeting a particular cell surface
receptor.
{8893} The invention additionally provides a host cell comprising a vector or AAV viral particle of
the invention.
Recombinant nucleic acid sequences
{83886 Also disclosed herein are recombinant nucleic acid sequences comprising a polynucleotide
sequence encoding a NADH dehydrogenase subunit-4 (ND4), NADH dehydrogenase subunit-1
(ND1) and NADH dehydrogenase subunit-6 (ND6} polypeptide or a variant thereof.
{8897 The polynucleotide sequence for ND4 is shown in SE} ED NO: 6 and encodes the protein
shown in SEQ H» NO: 160. Further nucleic acid sequences for ND4 are SEQ B3 NO: 7 and 8. The
polynucieotide sequence for ND6 is shown in SEQ HI NG: 9 and encodes the protein shown in
SEQ 1D NO: 161, A further nucleic acid sequence for ND6 15 SEQ 1 NO: 18, The polynucleotide
sequence for ND1 is shown in SEQ B NO: 11 and encodes the protein shown in SEQ 1D NO: 162
A further nucleic acid sequence for ND1 s SEQ 1D NO: 12,
{G898] A variant of any one of SEQ 1D NO: 168, 161, or 162 may comprise truncations, mutants or
homologues thereof, and any transcript variants thereof which encode a functional ND4, ND6G, or
ND1 polypeptide. Any homologues mentioned herein are typically at least 70% homologous to a
relevant region of ND4, ND6, or NI, and can functionally compensate for the polypeptide
deficiency.
{88%%] Homology can be measured using known methods. For example the UWGCG Package
provides the BESTFIT program which can be used to calculate homology {for example used on its
default settings) (Devereux et at (1984) Nucleic Acids Research 12, 387-395). The PILEUP and
BLAKST algorithms can be used to calculate homology or hine up sequences {(typically on their
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default settings), for example as described in Altschul 8. F. (1993} J Mol Evol 36:290-300; Altschul,
S, F et at (1990} J Mol Biol 215:403-10. Software for performing BLAST analyses is publicly
available through the National Center for Biotechnology Information

{(http://www ncbinlm nih gov/).

{30188 In preferred embodiments, a recombinant nucleic acid sequence may encode a
polypeptide which is at least 55%, 65%, 70%, 75%, 80%, 85%, 90% and more preferably at least
95%, 97%, 99%, 99.5%, or 100% homologous to a relevant region of ND4, ND6, or ND1 (SEQ 1D
NG: 168, 161, or 162) over at least 20, preferably at least 30, for instance at least 40, 60, 100, 200,
300, 400 or more contiguous anino acids, or even over the entire sequence of the recombinant
nucleic acid. The relevant region will be one which provides for functional activity of ND4, ND6, or
ND1.

HETH Y Alternatively, and preferably the recombinant nucleic acid sequence may encode a
polypeptide having at least 70%, 75%, 80%, 85%, 90% and more preferably at least 95%, 97%,
99%, 99.5%, or 100% homologous to full-length ND4, ND6, or ND1 (SEQ D NO: 160, 161, or
162) over its entire sequence. Typically the recombinant nucleic acid sequence differs from the
relevant region of ND4, NI3G, or ND1 (SEQ ID MNO: 168, 161, or 162) by at least, or less than, 2, 5,
10, 20, 40, 50 or 60 mutations (each of which can be substitutions, insertions or deletions).

{82} A recombinant nucleic acid ND4, ND6, or ND1 polypeptide may have a percentage
identity with a particular region of SEQ 1D NO: 166, 161, or 162 which is the same as any of the
spectfic percentage homology values (i.e. it may have at least 70%, 80% or 90% and more
preferably at least 95%, 97%, 99% identity} across any of the lengths of sequence mentioned above.
{88183} Variants of ND4, ND6, or ND1 (SEQ 1D NO: 160, 161, or 162) also include
truncations. Any truncation may be used so long as the vanant is still functional. Truncations wiil
typically be made to remove sequences that are non-essential for the protein activity and/or do not
affect conformation of the folded protein, in particular folding of the active site. Appropriate
truncations can routinely be identified by systematic truncation of sequences of varying length from
the N- or C-terminus. Preferred truncations are N-terminal and may remove all other sequences
except for the catalytic domain.

L Variants of ND4, ND6, or ND1 {(SEQ TD NO: 160, 161, or 162) further include
mutants which have one or more, for example, 2, 3, 4, 5 to 10, 10 to 20, 20 to 40 or more, amino
acid insertions, substitutions or deletions with respect to a particular region of ND4, ND6, or ND1

{(SEQ ID NO: 166, 161, or 162). Deletions and insertions are made preferably outside of the
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catalytic domain as described below. Substitutions are also typically made in regions that are non-
essential for protease activity and/or do not affect conformation of the folded protein.
{38185} Substitutions preferably introduce one or more conservative changes, which replace
aming acids with other amino acids of similar chemical structure, similar chemical properties or
similar side-chain volume. The amino acids introduced may have similar polarity, hydrophilicity,
hydrophobicity, basicity, acidity, neutrality or charge to the amino acids they replace. Alternatively,
the conservative change may introduce another amine acid that is aromatic or aliphatic in the place
of & pre-existing aromatic or aliphatic amino acid. Conservative araino acid changes are well known
i the art and may be selected in accordance with the properties of the amino acids.
U E Swmularly, preferred varnants of the polynucleotide sequence of ND4, ND6, or ND!1
(SEQ ID NO: 6, ¢, or 11) include polynucieotides having at least 70%, 75%, 80%, 83%, 90% and
more preferably at least 95%, 96%, 97%, 98%, 99%, or 99.5% homologous to a relevant region of
ND4, ND6, or ND1 (SE( ID NO: 6, 9, or 11}, Preferably the vanant displays these levels of
homology to full-length N34, ND6S, or ND1 (SEQ ID NG: 6.9, ov 11) over its entire sequence.
{84187} Mitochondrial targeting sequences (MTSs) and three prime untranslated regions
3’UTRs) can be used to target proteins or mRNA 1o the mitochondria. The charge, length, and
structure of the MTS can be important for protein import into the mitochondria. Particular 3’UTRs
may drive mRNA localization to the mitochondrial surface and thus facilitate cotranslational protein
import into the mitochondria.
{8185 The polynucleotide sequence for a mitochondrial targeting sequence can encode a
polypeptide selected from hsCOX10, hsCOXE, scRPMZ, 1cSirt5, tbNDUS7, ncQCR2, hsATP5G2,
hsL ACTB, spilvl, gmCOX2, crATP6, hsOPA1, hsSDHD, hs ADCK3, 0sP0644B06.24-2,
Neurospora crassa ATPYO (ncATPO), hsGHITM, hsNDUFAB1L, hsATPSG3, crATPS hsADCK3,
ncATPY ncATPY, zmLOC100282174, ncATPS zmbOCI00282174 spilvl ncATPY,
zmLOC100282174 hsADCK3 crATP6 hsATPSG3, zmLOC100282174 hsADCK3 hsATPSG3,
ncATPO zmLOC100282174, hsADCK3_zmLOC100282174_crATP6 _hsATPSG3,
crATPS hsADCK3 zmEOC100282174 hsATPSGS, hsADCK3 zmLOC100282174,
hs ADCK3 =mLOCI00282174 crATPO, ncATPY zmL.OC100282174 spilvi GNFP ncATPY, and
ncATPY zmLOCI00282174 spilvl 1cSirtS 0sP0644B06.24-2 hsATPSG2 ncATPY (see Table |
for SEQ ID NO). In one exaraple, the polynucleotide sequences, COX10 (SEQ D NO: 1,2, 01 3)
can encode the mitochondnial targeting sequence, MTS-COX10 (SEQ D NO: 126). In another
example, the polynucleotide sequences, COXB (SEQ 1D NO: 4} can encode the mitochondrial
targeting sequence, MTS-COXE (SEQ ID NO: 127). In another example, the polynucieotide
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sequences, OPAL (SEQ 1D MNO: 5) can encode the mitochondrial targeting sequence, MTS-OPAL
{(SEQ D NO: 128).

i ian] The 3'UTR nucleic acid sequence can be selected from hsACO2 (SEQ 1D NO: 111),
hsATPSB (SEQ ID NO: 112), hsAK2 (SEQ ID NO: 113), hsALDH?2 (SEQ ID NO: 114),
hsCOX10 (SEQ ID NO: 115), hsUQCRFS1 (SEQ ID NO: 116), hsNDUFV1 (SEQ ID NO: 117),
hsNDUFV2 (SEQ ID NO: 118), hsSOD2 (SEQ ID NO: 119), hsCOX6¢ (SEQ ID NO: 120),
hsIRP1 (SEQ ID NO: 121), hsMRPS12 (SEQ ID NO: 122), hsATP5J2 (SEQ ID NO: 123),
mS0D2 (SEQ 1D NO: 124), and hsOXAIL (SEQ ID NO: 125). The 3’UTR nucleic acid sequence
can also be a variant having at least 70%, 75%, 80%, §53%, 90% and more preferably at least 95%,
96%, 97%, 98%%, 99%, 99.5%, or 100% homologous to any 3" UTR nucleic acid sequence listed here.
For example, the 3’UTR nucleic acid sequence can be SEQ 1B NO: 13 or 14.

{38118} Also disclosed herein are recombinant nucleic acid sequences comprising a
mitochondrial targeting sequence, a mitochondrial protein coding sequence, and a 3 UTR nucleic
acid sequence. For example, the recombinant nucleic acid sequence can be selected from SEQ ID
NQO: 15-84. The recombinant nucleic acid sequence can also be a variant having at least 70%, 75%,
80%, 85%, 90% and more preferably at least 95%, 96%, 97%, 98%, 99%, 99.5%, or 100%
homologous to any recormbinant nucleic acid sequence listed here.

Promoters and regulatory seguences

{80118 The vector of the invention also inchudes elements allowing for the expression of the
disclosed transgene in vitro or i vivo. Thus, the vector typically comprises a promoter sequence
operably linked to the polynucleotide sequence encoding the ND4, ND6, or ND1 transgene or a
variant thereof.

{66112} Any suitable promoter may be used. The promoter sequence may be constitutively
active 1.e. operational in any host cell background, or alternatively may be active only in a specific
host cell environment, thus allowing for targeted expression of the transgene in a particular cell type.
The promoter may show inducible expression in response to presence of another factor, for example
a factor present in a host cell. In any event, where the vector 1s administered for therapy, the
promaoter must be functional in a retinal cell background.

TR In some embodiments, it is preferred that the promoter shows retinal-cell specific
expression in order to allow for the transgene to only be expressed in retinal cell populations. Thus,
expression from the promoter may be retinal-cell specific, for example confined ouly to cells of the

neurosensory retina and retinal pigment epithelium,
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{801 14 Preferred promoters for the ND4, ND6, or ND1 transgene include the chicken beta-
actin {CBA)} promoter, optionally in combination with a cytomegalovirus (CME} enhancer element.
In some cases, the preferred promoters for the ND4, ND6, or ND1 transgene comprises the CAG
promoter. A particularly preferred promoter is a hybrid CBA/CAG promoter, for example the
promoter used in the rAVE expression cassette. Examples of promoters based on human sequences
that would induce retina specific gene expression include rhodospin kinase for rods and cones

(Allocca et al., 2007, § Viol 81:11372-80), PR2.1 for cones only (Mancuso et al. 2009, Nature)

and/or RPEGS for the retinal pigment eptthelium (Bainbridge et al., 2008, N Eng J Med).
{B0113 The vector of the invention may also comprise one or more additional regulatory

sequences with may act pre- or post-transcriptionally. The regulatory sequence may be part of the
native ND4, N6, or ND1 gene locus or may be a heterologous regulatory sequence. The vector of
the invention may comprise portions of the S'UTR or 3'UTR from the native ND4, ND6, or NI
transcript.

{8118 Regulatory sequences are any sequences which facilitate expression of the transgene
1e. act to increase expression of a transcript, improve nuclear export of mRNA or enhance its
stability. Such regulatory sequences inchude for example enhancer elements, postregulatory elements
and polyadenylation sites. A preferred polyadenylation site 15 the Bovine Growth Hommone poly-A
signal. In the context of the vector of the inveniion such regulatory sequences will be cis-acting.
However, the invention also encompasses the use of trans-acting regulatory sequences located on
additional genetic constructs.

{66117} A preferred postregulatory element for use in a vector of the invention is the
woodchuck hepatitis postregulatory element (WPRE) or a variant thereof. Another regulatory
sequence which may be used in a vector of the present invention is a scaffold-attachment region
(SAR). Additional regulatory sequences may be selected by the skilled person on the basis of their
common general knowledge.

Preparation of vector

{B0118] The vector of the invention may be prepared by standard means known in the art for
provision of vectors for gene therapy. Thus, well established public domain transfection, packaging
and purification methods can be used to prepare a suitable vector preparation.

{801 1% As discussed above, a vector of the invention may comprise the full genome of a
naturally occurring AAV virus in addition to a polynucleotide sequence encoding ND4, ND6, or

ND1 or a variant thereof. However, commonly a derivatised genome will be used, for instance a
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derivative which has at least one inverted terminal repeat sequence (1TR), but which may lack any
AAV genes such as rep or cap.

{38128} In such embodiments, in order to provide for assembly of the derivatised genome into
an AAY viral particle, additional genetic constructs providing AAV and/or helper virus functions
will be provided in a host cell in combination with the dertvatised genome. These additional
constructs will typically contain genes encoding structural AAVY capsid proteins 1.e. cap, VP, VP2,
VP3, and genes encoding other functions required for the AAV life cycle, such as rep. The selection
of structural capsid proteins provided on the additional construct will determune the serotype of the
packaged viral vector.

{80121} A particularly preferred packaged viral vector for use in the mvention comprises a
derivatised genome of AAV2 in combination with AAVS or AAVE capsid proteins. This packaged
viral vector typically comprises one or more AAV2 ITRs.

{80122} As mentioned above, AAY viruses are replication incompetent and so helper virus
functions, preferably adenovirus helper functions will typically also be provided on one or more
additional constructs to allow for AAV replication.

{88133} Al of the above additional constructs may be provided as plasmids or other episomal
elements in the host cell, or alternatively one or more constructs may be integrated into the genome
of the host cell.

{88124} In these aspects, the invention provides a method for production of a vector of the
mvention. The method comprises providing a vector which comprises an adenoc-associated virus
(AAV) genome or a derivative thereof and a polynuclectide sequence encoding ND4, ND6, or ND1
or a variant thereof in a host cell, and providing means for replication and assembly of the vector
mto an AAV viral particle. Preferably, the method comprises providing a vector comprising a
dervative of an AAV genome and a polynucleotide sequence encoding ND4, ND6, or NDl ora
variant thereof, together with one or more additional genetic consiructs encoding AAV and/or helper
virus functions. Typically, the derivative of an AAV genome comprises at least one ITR. Optionally,
the method further comprises a step of purifying the assembled viral particles. Additionally, the
method may comprise a step of formulating the viral particles for therapeutic use.

Methods of therapy and medical uses

{80125 As discussed above, the present inventors have surprisingly demonstrated that a
vector of the invention may be used to address the cellular dysfunction underlying LHON. In

particular, they have shown that use of the vector can correct the defect associated with LHON. This
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provides a means whereby the degenerative process of the disease can be treated, arrested, palliated
of prevented.

{BB126} The mvention therefore provides a method of treating or preventing LHON ina
patient in need thereof, comprising administering a therapeutically effective amount of a vector of
the invention to the patient by direct retinal, subretinal or mtravitreal injection. Accordingly, LHON
is thereby treated or prevented in the patient.

{80127 In a related aspect, the invention provides for use of a vector of the invention ina
method of treating or preventing LHON by administering said vector to a patient by direct retinal,
subretinal or intravitreal injection. Additionally, the invention provides the use of a vector of the
mvention in the manufacture of a medicament for treating or preventing LHON by direct retinal,
subretinal or intravitreal injection.

{38128} In all these embodiments, the vector of the invention may be administered in order to
prevent the onset of one or more symptoms of LHON. The patient may be asymptomatic. The
subject may have a predisposition to the disease. The method or use may comprise a step of
identifymg whether or not a subject 15 at risk of developing, or has, LHON. A prophylactically
effective amount of the vector is administered to such a subject. A prophylactically effective amount
15 an amount which prevents the onset of one or more symptoms of the disease.

{138y Alternatively, the vector may be administered once the symptoms of the disease have
appeared 1n a subject i.e. to cure existing symptoms of the disease. A therapeutically effective
amount of the antagonist 15 administered to such a subject. A therapeutically effective amount 1s an
amount which is effective to ameliorate one or more symptoms of the disease. Such an amount may
also arrest, slow or reverse some loss of peripheral vision associated with LHON. Such an amount
may also arrest, slow or reverse onset of LHON.

{88138 A typical single dose is between 10'%and 10'? genome particles, depending on the
amount of remaining retinal tissue that requires transduction. A genome particle is defined herein as
an AAY capsid that contains a single stranded DNA molecule that can be guantified with a sequence
specific method (such as real-time PCR). That dose may be provided as a single dose, but may be
repeated for the fellow eye or in cases where vector may not have targeted the correct region of
retina for whatever reason {such as surgical complication). The treatment is preferably a single
permanent treatment for each eye, but repeat injections, for example in future years and/or with
different AAV serotypes may be considered.

{80131} The mvention also provides a method of monitoring treatment or prevention of
LHON in a patient comprising measuring activity ex vivo in retinal cells obtained from said patient
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following administration of the AAV vector of the invention by direct retinal, subretinal or
mtravitreal injection. This method can allow for determination of the efficacy of treatment.
Pharmacentical Compositions

{60132 The vector of the invention can be formulated into pharmaceutical compositions.
These compositions may comprise, in addition to the vector, a pharmaceutically acceptable
excipient, carrier, buffer, stabiliser or other materials well known to those skilled in the art. Such
materials should be non-toxic and should not interfere with the efficacy of the active ingredient. The
precise nature of the carrier or other material may be determined by the skilled person according to
the route of administration, 1.e. here direct retinal, subretinal or intravitreal injection.

{80133 The pharmaceutical composition 15 typically m liquid form. Liguid pharmaceutical
compositions generally include a liquid carrier such as water, petroleum, animal or vegetable oils,
mineral oil or synthetic oil. Physiclogical saline solution, magnesium chloride, dextrose or other
saccharide solution or glycols such as ethylene glycol, propylene glycol or polyethylene glycol may
be included. In some cases, a surfactant, such as pluronic acid (PF68) 6.001% may be used.

{84134 For mjection at the stte of affliction, the active ingredient will be in the form of an
aqueous solution which 1s pyrogen-free and has suitable pH, isotomcity and stability. Those of
relevant skill in the art are well able to prepare suitable solutions using, for example, isotonic
vehicles such as Sodium Chloride Injection, Ringer's Injection, Lactated Ringer's Injection.
Preservatives, stabilisers, buffers, antioxidants and/or other additives may be included, as required.
{38135} For delayed release, the vector may be included in a pharmaceutical composition
which is formulated for slow release, such as in microcapsules formed from biocompatible polymers
or in liposomal carrier systems according to methods known in the art.

Samples

U R Samples that are suitable for use in the methods described herein can be nucleic acid
samples from a subject. A “nucleic acid sample” as used herein can include RNA or DNA, ora
combination thereof. In another embodiment, a “polypeptide sample” {e.g., peptides or proteins, or
fragments therefrom) can be used fo ascertain information that an amino acid change has occurred,
which is the result of a genetic vartant. Nucleic acids and polypeptides can be extracted from one or
more samples including but not limited to, blood, saliva, urine, mucosal scrapings of the lining of the
mouth, expectorant, serum, tears, skin, tissue, or hair. A nucleic acid sample can be assayed for
nucleic acid mformation. “Nucleic acid information,” as used herein, includes a nucleic acid
sequence itself, the presence/absence of genetic variation n the nucleic acid sequence, a physical
property which varies depending on the nucleic acid sequence {e.g., Tm}, and the amount of the
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nucleic acid {e.g., number of mRNA copies). A “nucleic acid” means any one of DNA, RNA, DNA
cluding artificial nucleotides, or RNA including artificial nucleotides. As used herein, a “purified
nucleic acid” includes cDNAs, fragments of genomic nucleic acids, nucleic acids produced using the
polymerase chain reaction (PCR), nucleic acids formed by restriction enzyme treatment of genomic
nucleic acids, recombinant nucleic acids, and chemically synthesized nucleic acid molecules. A
“recombinant” nucleic acid melecule includes a nucleic acid molecule made by an artificial
combination of two otherwise separated segments of sequence, e g., by chemical synthesis or by the
manipulation of isolated segments of nucleic acids by genetic engineering technigues. As used
herein, a “polypeptide” includes proteins, fragments of protetns, and peptides, whether 1solated from
natural sources, produced by recombinant techniques, or chemically synthesized. A polypeptide may
have one or more modifications, such as a post-translational modification (e.g., glycosylation,
phosphorylation, etc ) or any other modification {e.g., pegylation, etc.). The polypeptide may contain
one or more non-naturally-occurring aming acids {e.g., such as an amino acid with a side chain
modification).

{84137 In some embodiments, the nucleic acid sample can comprise cells or tissue, for
example, cell lines. Exemplary cell types from which nucleic acids can be obtained using the
methods described herein include, but are not limited to, the following: a blood cell such asa B
fymphocyte, T lymphocyte, leukocyte, erythrocyte, macrophage, or neutrophil; a muscle cell such as
a skeletal cell, smooth muscle cell or cardiac muscle cell; a germ cell, such as a sperm or egg; an
epithelial cell; a connective tissue cell, such as an adipocyte, chondrocyte; fibroblast or osteoblast; a
neuron; an astrocyte; a stromal cell; an organ specific cell, such as a kidney cell, pancreatic cell, liver
cell, or a keratinocyte; a stem cell; or any cell that develops therefrom. A cell from which nucleic
acids can be obtained can be a blood cell or a particular type of blood cell including, for example, a
hematopotetic stem cell or a cell that arises from a hematopoietic stem cell such as a red blood cell,
B lymphocyte, T lymphocyte, natural killer cell, neutrophil, basophil, eosinophil, monocyte,
macrophage, or platelet. Generally, any type of stem cell can be used including, without limitation,
an embryonic stem cell, adult stem cell, or pluripotent stem cell.

{88138} In some embaodiments, a nucleic acid sample can be processed for RNA or DNA
isolation, for example, RNA or DNA mn a cell or tissue sample can be separated from other
components of the nucleic acid sample. Cells can be harvested from a nucleic acid sample using
standard technigues, for example, by centrifuging a cell sample and resuspending the pelleted cells,
for example, in a buffered solution, for exarmple, phosphate-buffered saline (PBS). In some
embodiments, after centrifuging the cell suspension to obtamn a cell pellet, the cells can be lysed to
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extract DNA. In some embodiments, the nucleic acid sample can be concentrated and/or purified to
isolate DNA. Al nucleic acid samples obtained from a subject, including those subjected to any sort
of further processing, are considered to be obtamed from the subject. In some embodiments,
standard techniques and kits known in the art can be used to exiract RNA or DNA from a nucleic
acid sample, including, for example, pheno! extraction, a QIAAMP® Tissue Kit (Qiagen,
Chatsworth, Calif }, a WIZARD® Genomic DNA purification kit (Promega), or a Qiagen Autopure
method using Puregene chenustry, which can enable purification of highly stable DNA well-suited
for archiving,

{B013% In some embodiments, determining the identity of an allele or determining copy
number can, but need not, include obtaining a nucleic acid sample comprising RNA and/or DNA
from a subject, and/or assessing the identity, copy number, presence or absence of one or more
genetic variations and their chromosomal locations within the genomic DNA (1. subject’s genome)
derived from the nucleic acid sample.

{3146 The mdividual or orgamization that performs the determination need not actually carry
out the physical analysis of a nucleic acid sample from a subject. In some embodiments, the methods
can include using information obtained by analysis of the nucleic acid sample by a third party. In
some embodiments, the methods can include steps that occur at more than one site. For example, a
nucleic acid sample can be obtained from a subject at a firsi site, such as at a health care provider or
at the subject’s home in the case of a self-testing kit. The nucleic acid sample can be analyzed at the
same or a second site, for example, at a laboratory or other testing facility.

Nucleic Acids

{88141} The nucleic acids and polypeptides described herein can be used in methods and kits
of the present disclosure. In some embodiments, aptamers that specifically bind the nucleic acids and
polypeptides described herein can be used 1n methods and kits of the present disclosure. As used
herein, a nucleic acid can comprise a deoxyribonucleotide (DNA) or ribonucleotide (RNA), whether
singular or in polymers, naturally occurring or non-naturally occurring, double-stranded or single-
stranded, coding, for example a translated gene, or non-coding, for example a regulatory region, or
any fragments, derivatives, mimetics or complements thereof. In some embodiments, nucleic acids
can comprise oligonucleotides, nucleotides, polynucleotides, nucleic acid sequences, genomic
sequences, complementary DNA (¢cDNA), antisense nucleic acids, DNA regions, probes, primers,
genes, regulatory regions, introns, exons, open-reading frames, binding sites, target nucieic acids and

allele-specific nucleic acids.
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{142} A “probe.” as used herein, includes a nucleic acid fragment for examining a nucleic
acid in a specimen using the hybridization reaction based on the complementarity of nucleic acid.
{38143} A “hybrid” as used herein, includes a double strand formed between any one of the
abovementioned nucleic acid, within the same type, or across different types, including DNA-DNA,
DNA-RNA, RNA-RNA or the like.

{80144 “Isolated” nucleic acids, as used herein, are separated from nucleic acids that
normally flank the gene or nucleotide sequence (as in genomic sequences) and/or has been
completely or partially purified from other transcribed sequences {e.g., as tn an RNA library). For
example, isolated nucleic acids of the disclosure can be substantially isolated with respect to the
complex cellular milieu in which 1t naturally occurs, or culture medium when produced by
recombinant techniques, or chemical precursors or other chemicals when chemically synthesized. In
some instances, the isolated material can form part of a composition, for example, a crude extract
containing other substances, buffer system or reagent mix. In some embodiments, the material can
be purified to essential homogeneity using methods known mn the art, for example, by
polyacrylamide gel electrophoresis (PAGE) or column chromatography (e.g., HPLC). With regard to
genomic DNA (gDNA), the term “isolated” also can refer to nucleic acids that are separated from
the chromosome with which the genomic DNA 1s naturally associated. For example, the isolated
nucleic acid molecule can contain less than about 250 kb, 200 kb, 150 kb, 100 kb, 75 kb, 50 kb, 25
kb, 10 kb, 5 kb, 4 kb, 3 kb, 2kb, 1 kb, 0.5 kb or 0.1 kb of the nucleotides that flank the nucleic acid
molecule in the gDNA of the cell from which the nucleic acid molecule 15 derived.

{80145 Nucleic acids can be fused to other coding or regulatory sequences can be considered
isolated. For example, recombinant DINA contained in a vector 1s included in the definition of
“isolated” as used herein. In some embodiments, isolated nucleic acids can include recombinant
DNA molecules in heterologous host cells or heterologous organisms, as well as partially or
substantially purified DNA molecules in solution. Isolated nucleic acids also encompass in vivo and
in vitro RNA transcripts of the DNA molecules of the present disclosure. An isslated nucleic acid
molecule or nucleotide sequence can be synthesized chemically or by recombinant means. Such
1solated nucleotide sequences can be useful, for example, in the manufacture of the encoded
polvpeptide, as probes for 1solating homologous sequences (e.g., from other mammalian species), for
gene mapping (e.g., by i situ hybridization with chromosomes}, or for detecting expression of the
gene, n tissue (e.g., human tissue), such as by Northern blot analysis or other hybridization
technigues disclosed herein. The disclosure also pertains to nucleic acid sequences that hybridize
under high stringency hybridization conditions, such as for selective hybridization, to a nucleotide
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sequence described herein Such nucleic acid sequences can be detected and/or isolated by allele- or
sequence-specific hybridization (e.g., under high stringency conditions). Stringency conditions and
methods for nucleic acid hybridizations are well known to the skilled person (see, e.g., Current
Protocels in Molecular Biology, Ausubel, F. etal, John Wiley & Sons, (1998}, and Kraus, M. and
Aaronson, 8., Methods Enzymol., 200:546-556 (1991), the entire teachings of which are
mceorporated by reference herein.

{80146} Calculations of “identity” or “percent identity” between two or more nucleotide or
amino acid sequences can be determined by aligning the sequences for optimal comparison purposes
{e.z., gaps can be introduced 1n the sequence of a first sequence). The nucleotides at corresponding
positions are then compared, and the percent identity between the two sequences s a function of the
number of identical positions shared by the sequences (i.e. % identity = # of 1dentical positions/total
# of positions x 100). For example, a position in the first sequence is occupied by the same
nucleotide as the corresponding position in the second sequence, then the molecules are 1dentical at
that position. The percent identity between the two sequences 1s a function of the number of 1dentical
positions shared by the sequences, taking into account the number of gaps, and the length of each
gap, which need to be mtroduced for optimal alignment of the two sequences.

{86147} In some embodiments, the length of a sequence aligned for comparison purposes 1s at
least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, or at
least 95%, of the length of the reference sequence. The actual comparison of the two sequences can
be accomplished by well-known methods, for example, using a mathematical algorithm. A non-
limiting example of such a mathematical algorithm 15 described in Karlin, 8. and Altschul, 8., Proc.
Natl. Acad. Sci. USA, 90- 5873-5877 (1993). Such an algorithm is incorporated into the NBLAST
and XBLAST programs {version 2.0}, as described in Altschul, 8. et al, Nucleic Acids Res,,
25:3389-3402 (1997). When utilizing BLAST and Gapped BLAST programs, any relevant
parameters of the respective programs {e.g., NBLAST) can be used. For example, parameters for
sequence comparison can be set at score= 100, word length= 12, or can be varied {e.g., W=S or
W=20). Other examples mclude the algorithm of Myvers and Miller, CABIOS (1989), ADVANCE,
ADAM, BLAT, and FASTA. In some emnbodiments, the percent identity between two anmino acid
sequences can be accomplished using, for example, the GAP program in the GCG software package
{Accelrys, Cambridge, UK).

{3148} “Probes” or “primers” can be oligonucleotides that hybridize in a base-specific
manner to a complementary strand of a nucleic acid molecule. Probes can include primers, which
can be a single-stranded ohigonuclectide probe that can act as a point of imttation of template-
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directed DNA synthesis using methods including but not imited to, polymerase chain reaction
{PCR) and ligase chain reaction {LCR} for amplification of a target sequence. Oligonucleotides, as
described herein, can mclude segments or fragments of nucleic acid sequences, or their
complements. In some embodiments, DNA segments can be between 5 and 10,000 contiguous bases,
and can range from S, 10, 12, 15, 20, or 25 nucleotides to 10, 15, 20, 25, 30, 40, 50, 100, 200, 500,
1000 or 10,000 nucleotides. In addition to DNA and RNA, probes and primers can include
polypeptide nucleic acids (PNA), as described in Nielsen, P. et al., Science 254: 1497-1500 (1991).
A probe or primer can comprise a region of nucleotide sequence that hybridizes to at least about 15,
typically about 20-25, and in certain embodiments about 40, 50, 60 or 753, consecutive nucleotides of
a nucleic acid molecule.

{80145 The present disclosure alse provides isolated nucleic acids, for example, probes or
primers, that contain a fragment or portion that can selectively hybridize to a nucleic acid that
comprises, or consists of, a nucleotide sequence, wherein the nucleotide sequence can comprise at
ieast one polymorphism or polymorphic allele contained in the genetic variations described herem or
the wild-type nucleotide that s located at the same position, or the complements thereof. In some
embodiments, the probe or primer can be at least 70% 1dentical, at least 80% 1dentical, at least 85%
identical, at least 90% identical, or at least 95% identical, to the contiguous nucleotide sequence or
to the complement of the contiguous nucleotide sequence.

{88158 In some embodiments, a nucleic acid probe can be an oligonucleotide capable of
hybridizing with a complementary region of a gene associated with a condition {e.g., LHON}
containing a genetic variation described herein. The nucleic acid fragments of the disclosure can be
used as probes or primers in assays such as those described herein.

{80151 The nucleic acids of the disclosure, such as those described above, can be identified
and isolated using standard molecular biology techniques well known to the skilled person. In some
embodiments, DNA can be amplified and/or can be labeled (e.g., radiolabeled, fluorescently labeled)
and used as a probe for screening, for example, a cDNA library derived from an organism. cDNA
can be derived from mRNA and can be contained in a switable vector. For example, corresponding
clones can be isolated, DNA obtained fallowing in vivo excision, and the cloned insert can be
sequenced in either or both orientations by art-recognized methods to identify the correct reading
frame encoding a polypeptide of the appropriate molecular weight. Using these or similar methods,
the polypepiide and the DNA encoding the polypeptide can be isolated, sequenced and further

characterized,
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{BRIsTy In some embodiments, nucleic acid can comprise one or more polymorphisms,
variations, or mutations, for example, single nucleotide polymorphisms (SNPs), single nucleotide
variations (SNVs}, copy number variations {CNVs), for example, insertions, deletions, inversions,
and translocations. In some embodiments, nucleic acids can comprise analogs, for example,
phosphorothioates, phosphoramidates, methyi phosphonate, chiralmethyl phosphonates, 2-0-methyl
ribonucleotides, or modified nucleic acids, for example, modified backbone residues or linkages, or
nucleic acids combined with carbohydrates, lipids, polypeptide or other materials, or peptide nucleic
acids {PNAs), for example, chromatin, ribosomes, and transcriptosomes. In some embodiments
nucleic acids can comprise nuecleic acids in various structures, for example, A DNA, B DNA, Z-form
DNA, siRNA, tRNA, and ribozymes. In some embodiments, the nucleic acid may be naturally or
non-naturally pelymorphic, for example, having one or more sequence differences, for example,
additions, deletions and/or substitutions, as compared to a reference sequence. In some
embodiments, a reference sequence can be based on publicly available information, for example, the
U.C. Santa Cruz Human Genome Browser Gateway {genome.ucsc.edw/cgi-bin/hgGateway) or the
NCBI website (www.ncbinlm.nihgov). In some embodiments, a reference sequence can be
determined by a practitioner of the present disclosure using methods well known i the ari, for
example, by sequencing a reference nucleic acid.

{583 In some embodiments, a probe can hybnidize to an allele, SNP, SNV, or CNV as
described herein. In some embodiments, the probe can bind to another marker sequence associated
with LHON as described herein.

{80154 Oune of skill in the art would know how to design a probe so that sequence specific
hybridization can occur only if a particelar allele 1s present in a genomic sequence from a test
nucleic acid sample. The disclosure can also be reduced to practice using any convenient genotyping
method, mcluding commercially available technologies and methods for genotyping particular
genetic variaiions

{B0133 Control probes can also be used, for example, a probe that binds a less variable
sequence, for example, a repetitive DNA associated with a centromere of a chromosome, can be
used as a control. In some embodiments, probes can be obtained from commercial sources. In some
embodiments, probes can be synthesized, for example, chemically or in vitro, or made from
chromosomal or genomic DNA through standard techniques. In some embodiments sources of DNA
that can be used include genomic DNA, cloned DNA sequences, somatic cell hybrids that contain

one, or a part of one, human chromosome along with the normal chromosome complement of the
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host, and chromosomes purified by flow cytometry or microdissection. The region of interest can be
isolated through cloning, or by site-specific amplification using PCR.

{8136} One or more nucleic acids for example, a probe or primer, can also be labeled, for
example, by direct labeling, to comprise a detectable label. A detectable label can comprise any label
capable of detection by a physical, chemical, or a biological process for example, a radicactive label,
such as 32P or 3H, a fluorescent label, such as FITC, a chromophore label, an affinity-ligand label,
an enzyme label, such as alkaline phosphatase, horseradish peroxidase, or 12 galactosidase, an
enzyme cofactor label, a hapten conjugate label, such as digoxigenin or dintrophenyl, a Raman
signal generating label, a magnetic label, a spin label, an epitope label, such as the FLAG or HA
epitope, a luminescent label, a heavy atom label, a nanoparticle label, an elecirochemical label, a
light scattering label, a spherical shell label, semiconductor nanocrystal label, such as quantura dots
{described in U.S. Pat. No. 6,207,392), and probes labeled with any other signal generating label
known to those of skill in the art, wherein a label can allow the probe to be visualized with or
without a secondary detection molecule. A nucleotide can be directly mcorporated into a probe with
standard techniques, for example, nick translation, random pruming, and PCR Iabeling. A “signal,”
as used heren, mclude a signal suitably detectable and measurable by appropriate means, including
fluorescence, radicactivity, chemiluminegscence, and the hike.

(ST Noun-limiting examples of label moteties useful for detection include, without
limitation, suitable enzymes such as horseradish peroxidase, alkaling phosphatase, beta-
galactosidase, or acetylcholinesterase; members of a binding pair that are capable of forming
complexes such as streptavidin/biotin, avidin/biotin or an antigen/antibody complex including, for
example, rabbit Ig( and anti-rabbit IgG; fluorophores such as umbelliferone, fluorescein, fluorescein
isothiocyanate, rhodamine, tetramethyl rhodamine, eosin, green fluorescent protein, erythrosin,
coumarin, methyl coumarin, pyrene, malachite green, stitbene, lucifer vellow, Cascade Blue, Texas
Red, dichlorotriazinylamine fluorescein, dansyl chloride, phycoerythrin, fluorescent lanthanide
compiexes such as those including Europium and Terbium, cyanine dve family members, such as
Cy3 and CyS, molecular beacons and fluorescent derivatives thereof, as well as others known in the
art as described, for example, in Principles of Fluorescence Spectroscopy, Joseph R. Lakowicz
(Editor), Plenurn Pub Corp, 2nd edition (July 1999) and the 6th Edition of the Molecular Probes
Handbook by Richard P. Hoagland; a luminescent matenial such as luminol; light scattering or
plasmon resonant materials such as gold or silver particles or quantum dots; or radicactive material

melude 14C, 1231, 1241, 1251, T¢9%m, 32P, 33P, 358 or 3H.
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{ IS8 Other labels can also be used in the methods of the present disclosure, for example,
backbone labels. Backbone labels comprise nucleic acid stains that bind nucleic acids in a sequence
mdependent manner. Non-Himiting examples include intercalating dyes such as phenanthridines and
acridines {e.g., ethidium bromide, propidium iodide, hexidium i1odide, dihydroethidium, ethidium
homodimer-1 and -2, ethidium monoazide, and ACMA); some minor grove binders such as indoles
and imidazoles {e.g., Hoechst 33258, Hoechst 33342, Hoechst 34580 and DAPI); and miscellaneous
nucleic acid stains such as acridine orange {also capable of intercalating), 7-AAD, actinomycin D,
LDS751, and hydroxystilbamidine. All of the aforementioned nucleic acid stains are commercially
available from suppliers such as Molecular Probes, Tnc. Still other examples of nucleic acid stains
mclude the following dyes from Molecular Probes: cvanine dyes such as SYTOX Blue, SYTOX
Green, SYTOX Orange, POPO-1, POPG-3, YOYO-1, YOYO-3, TCTC-1, TOTO-3, I0JO-1,
LOLG-1, BOBO-1, BOB(O-3, PO-PRO-1, PO-PRG-3, BO-PRO-1, BO-PRO-3, TO-PRO-1, TO-
PRO-3, TO-PRO-S, JO-PRO-1, LO-PRO-1, YO-PRO-1, YO-PR(G-3, PicoGreen, OliGreen,
RiboGreen, SYBR Gold, SYBR Green I, SYBR Green I, SYBR DX, 8YT(-40, -41, -42, -43, -44, -
45 (blue), SYTO-13, -16, -24, -21, -23, -12, -T1, -20, -22, -15, -14, -25 (green), SYTO-81, -80, -82, -
83, -84, -85 (orange}, SYT(O-64, -17, -59, -61, -62, -60, -63 {red).

{80159 In some embodiments, fluorophores of different colors can be chosen, for example, 7-
amino-4-methy lcoumarin-3-acetic acid {AMCA), 5-(and-6)-carboxy-X-rhodamine, lissamine
thodamine B, S-(and-6)-carboxyfluorescein, fluorescein-5-isothiocyanate (FITC), 7-
diethylaminocoumarin-3-carboxylic acid, tetramethylrhodamine-5-(and-6)-isothiocyanate, S-(and-
6}-carboxytetramethylrhodamine, 7-hydroxycoumarin-3-carboxylic acid, 6-[fluorescein 5-(and-6})-
carboxamidolhexanoic acid, N-(4,4-difluorc-5,7-dimethy1-4-bora-3a,4a diaza-3-imdacenepropionic
acid, eosin-S-isothiocyanate, erythrosin-3- isothiocyanate, TRITC, rhodamine,
tetramethylirhodamine, R-phycoerythrin, Cy-3, Cy-5, Cy-7, Texas Red, Phar-Red, allophycocyanin
(APC),and CASCADETM blue acetylazide, such that each probe in or not in a set can be distinctly
visualized. In some embodiments, fluorescently labeled probes can be viewed with a fluorescence
microscope and an appropriate filter for each fluorophore, or by using dual or triple band-pass filter
sets to observe multiple fluorophores. In some embodiments, techniques such as flow cytometry can
be used to examine the hybridization pattern of the probes.

S In other embodiments, the probes can be ndirectly labeled, for example, with biotin
or digoxygentn, or labeled with radioactive 1sotopes such as 3ZP and/or 3H. As a non-limiting
example, a probe indirectly labeled with biotin can be detected by avidin conjugated to a detectable
marker. For example, avidin can be conjugated to an enzymatic marker such as alkaline phosphatase
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or horseradish peroxidase. In some embodiments, enzymatic markers can be detecied using
colorimetric reactions using a substrate and/or a catalyst for the enzyme. In some embodiments,
catalysts for alkaline phosphatase can be used, for example, 5-bromo-4-chloro-3-indolyiphosphate
and nitro blue tetrazolium. In some embodiments, a catalyst can be used for horseradish peroxidase,
for example, diaminobenzoate.

Formulations, routes of administration, and effective doses

HETY Yet another aspect of the present disclosure relates to formulations, routes of
administration and effective doses for pharmaceutical compositions comprising an agent or
combination of agents of the instant disclosure. Such pharmaceutical compositions can be used to
treat a condition {e.g., LHON) as described above.

{88162} Compounds of the disclosure can be administered as pharmaceutical formulations
mcluding those suitable for oral (including buccal and sub-lingual}, rectal, vasal, topical, transdermal
patch, pulmonary, vaginal, sappository, or parenteral (including intraocular, intravitreal,
mtramuscular, mtraarterial, mtrathecal, intradermal, miraperitoneal, subcutaneous and mtravenous)
adrmunistration or i a form suitable for admunistration by aerosolization, inhalation or isufflation.
General information on drug delivery systems can be found 1n Ansel et al., Pharmaceutical Dosage
Forms and Drug Delivery Systems (Lippencott Wilhiams & Wilkius, Baltimore Md. (1999).

{5163} In various embodiments, the pharmaceutical composition includes carrers and
excipients (including but not limited to buffers, carbohydrates, mannitol, polypeptides, aming acids,
antioxidants, bacteriostats, chelating agents, suspending agents, thickening agents and/or
preservatives), water, oils including those of petroleum, animal, vegetable or synthetic origin, such
as peanut otl, soybean oil, mineral oil, sesame oil and the like, saline solutions, aqueous dextrose and
elycerol solutions, flavoring agents, coloring agents, detackifiers and other acceptable additives,
adjuvants, or binders, other pharmaceutically acceptable auxiliary substances to approximate
physiological conditions, such as pH buffering agents, tonicity adjusting agents, emulsifying agents,
wetting agents and the like. Examples of excipients include starch, glucose, lactose, sucrose, gelatin,
malt, rice, flour, chalk, silica gel, sodium stearate, glycerol monostearate, talc, sodium chloride,

dried skim milk, giycerol, propylene, glycol, water, ethanol and the like In some embodiments, the

pharmaceutical preparation 1s substantially free of preservatives. In other embodiments, the
pharmaceutical preparation can contain at least one preservative. General methodology on
pharmaceutical dosage forms is found in Ansel et al,, Pharmaceutical Diosage Forms and Drug
Delivery Systems {Lippencott, Williams, & Wilkins, Baltimore Md. {(1999)). It can be recognized
that, while any suttable carrier known to those of ordinary skill in the art can be employed to
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administer the composiiions of this disclosure, the type of carrier can vary depending on the mode of
administration.

{3164} Compounds can also be encapsulated within liposomes using well-known technology.
Biodegradable microspheres can also be employed as carriers for the pharmaceutical compositions
of this disclosure. Suitable biodegradable microspheres are disclosed, for example, in U8, Pat. Nos.
4,807,268, 5,075,109, 5,928,647, 5,811,128, 5,820,883, 5.853,763, 5,814,344 and 5,042,252,
{80165] The compound can be admimstered in liposomes or microspheres {or microparticles).
Methods for preparing liposomes and nucrospheres for administration to a subject are well known to
those of skull in the art. U.S. Pat. No. 4,789,734, the contents of which are hereby incorporated by
reference, describes methods for encapsulating biological materials in liposomes. Essentially, the
material 1s dissolved in an aqueous solution, the appropriate phospholipids and lipids added, and
along with surfactants if required, and the material dialyzed or sonicated, as necessary. A review of
known methods 15 provided by G. Gregoriadis, Chapter 14, “Liposomes,” Drug Carriers in Biology
and Medicine, pp. 2.5up.87-341 {Academic Press, 1979).

{84166} Microspheres formed of polymers or polypeptides are well known to those skilled in
the art, and can be tatlored for passage through the gastrointestinal tract directly mto the blood
stream, Alternatively, the compound can be mncorporated and the microspheres, or composite of
microspheres, implanted for slow release over a period of time ranging from days to months. Seg, for
example, U.S. Pat. Nos. 4,906,474, 4,925,673 and 3,625,214, and Jein, TIPS 19:155-157 (1998), the
contents of which are hereby incorporated by reference.

{88167} The concentration of drug can be adjusted, the pH of the solution buffered and the
isotonicity adiusted to be compatible with intraocular or intravitreal injection.

{68168] The compounds of the disclosure can be formulated as a sterile solution or
suspension, in suitable vehicles. The pharmaceutical compositions can be sterilized by conventional,
well-known sterilization techniques, or can be sterile filtered. The resulting agueous solutions can be
packaged for use as is, or lyophilized, the lyophilized preparation being combined with a sterile
solution prior to administration. Suitable formulations and additional carriers are described in
Remington “The Science and Practice of Pharmacy” (20th Ed,, Lippincott Williams & Wilkios,
Baltimore MD), the teachings of which are incorporated by reference in their entivety herein.
{88169} The agents or thetr pharmaceutically acceptable salts can be provided alone or in
combination with one or more other agents or with one or more other forms. For example, a
formulation can comprise one or more agents m particular proportions, depending on the relative
potencies of each agent and the intended indication. For example, in compositions for targeting two

77



WO 2020/001657 PCT/CN2019/094136

different host targets, and where potencies are similar, about a 1.1 ratic of agents can be used. The
two forms can be formulated together, in the same dosage unit e.g., in one cream, suppository, tablet,
capsule, aerosol spray, or packet of powder {0 be dissolved in a beverage; or each form can be
formulated in a separate unit, e g, two creams, two suppositories, two tablets, two capsules, a tablet
and a liguid for dissolving the tablet, two aerosol sprays, or a packet of powder and a liquid for
dissolving the powder, etc.

{80170 The term “pharmaceutically acceptable salt” means those salts which retain the
biological effectiveness and properties of the agents used in the present disclosure, and which are not
biologically or otherwise undesirable.

{58171 Typical salts are those of the inorganic 1ons, such as, for example, sodium, potassium,
calcium, magnesium ions, and the like. Such salis include salts with inorganic or organic acids, such
as hydrochloric acid, hydrobromic acid, phosphoric acid, nitric acid, sulfuric acid, methanesulfonic
acid, p toluenesulfonic acid, acetic acid, fumaric acid, succinic acid, lactic acid, mandelic acid, malic
acid, citric acid, tartaric acid or maleic acid. In addition, if the agent(s} contain a carboxyl group or
other acidic group, it can be converted nto a pharmaceutically acceptable addition salt with
morganic or grganic bases. Examples of suitable bases include sodium hydroxide, potassium
hydroxide, ammomna, cyclohexylamine, dicyclohexyl-amine, ethanolamine, diethanolamine,
triethanolamine, and the like.

{88173} A pharmaceutically acceptable ester or amide refers to those which retain biological
effectiveness and properties of the agents used in the present disclosure, and which are not
biologically or otherwise undesirable. Typical esters include ethyl, methyl, isobutyl, ethylene glycol,
and the hike. Typical amides include unsubstituted amides, alkyl amides, dialkyl amides, and the
like.

{BR173 In some embodiments, an agent can be administered in combination with one or more
other compounds, forms, and/or agents, e.g., as described above. Pharmaceutical compositions with
one or more other active agents can be formulated to comprise certain molar ratios. For example,
molar ratios of about 99:1 to about 1:99 of a first active agent to the other active agent can be used.
In some subset of the embodiments, the range of molar ratios of a first active agent: other active
agents are selected from about 80:20 to about 20:80; about 75:25 to about 25:75, about 70:30 to
about 30:70, about 66:33 to about 33:66, about 60:40 to about 40:60; about 50:50; and about 90:10
to about 10:90. The molar ratio of a first active: other active agents can be about 1:9, and in some
embodiments can be about 1.1, The two agents, forms and/or compounds can be formulated
together, in the same dosage unit e.g., i one cream, suppository, tablet, capsule, or packet of powder
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to be dissolved in a beverage; or each agent, form, and/or compound can be formulated in separate
units, €.¢., two creams, suppositories, tablets, two capsules, a tablet and a hiquid for dissolving the
tablet, an aerosol spray a packet of powder and a liquid for dissolving the powder, etc.

{88174 If necessary or desirable, the agents and/or combinations of agents can be
administered with still other agents. The choice of agents that can be co-administered with the agents
and/or combinations of agents of the mnstant disclosure can depend, at least in part, on the condition
being treated.

{80178 The agent{s) (or pharmaceutically acceptable salts, esters or amudes thereof) can be
administered per se or n the form of a pharmaceutical composition wherein the active agent(s} is in
an admixture or mixture with one or more pharmaceutically acceptable carriers. A pharmaceutical
composition, as used herein, can be any composition prepared for administration to a subject.
Pharmaceutical compositions for use in accordance with the present disclosure can be formulated m
conventional manner using one or more physiotogically acceptable carners, comprising excipients,
diluents, and/or auxiliaries, e.g., which facilitate processing of the active agents into preparations
that can be administered. Proper formulation can depend at least in part apon the route of
administration chosen. The agent(s) useful in the present disclosure, or pharmaceutically acceptable
salts, esters, or amides thereof, can be delivered to a subject using a number of routes or modes of
administration, including oral, buccal, topical, rectal, transdermal, transmucosal, subcutaneous,
mtravenous, intraocular, intravitreal, and intramuscular applications, as well as by inhalation.
{8176} In some embodiments, oils or non-aqueous sofvents can be used to bring the agents
mto solution, due to, for example, the presence of large lipophilic moieties. Alternatively, emulsions,
suspensions, or other preparations, for example, hiposomal preparations, can be used. With respect to
liposomal preparations, any known methods for preparing liposomes for treatment of a condition can
be used. See, for example, Bangham et al., J. Mol. Biol 23: 238-252 (1965) and Szoka et al., Proc.
Natl Acad Sci. USA 75: 4194-4198 (1978), incorporated herein by reference. Ligands can also be
attached to the liposomes to direct these compositions to particular sites of action. Agents of this
disclosure can also be integrated into foodstuffs, e g., cream cheese, butter, salad dressing, or ice
cream to facilitate solubilization, administration, and/or compliance in certain subject populations.

HE The compounds of the disclosure can be formulated for parenteral administration
{e.g., by njection, for exarple, mtraocular or intravitreal imjection) and can be presented 1n unit dose
form in ampoules, pre-filled syringes, small volume infusion or in multi-dose containers with an
added preservative. The compositions can take such forms as suspensions, solutions, or emulsions i
oily or aqueous vehicles, for example, solutions in aqueous polvethylene glycol.
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{8178} For injectable formulations, the vehicle can be chosen from those known in art to be
suitable, including aqueous solutions or ol suspensions, or emulsions, with sesame o1, corn o1l
cottonseed oil, or peanut oil, as well as elixirs, mannitol, dextrose, or a sterile aqueous solution, and
similar pharmaceutical vehicles. The formulation can also comprise polymer compositions which are
bigcompatible, biodegradable, such as poly(lactic-co-glycolic)acid. These materials can be made
mto micro or nanospheres, loaded with drug and further coated or derivatized to provide superior
sustained release performance. Vehicles suitable for periocular or intraocular injection include, for
example, suspensions of therapeutic agent in injection grade water, liposomes and vehicles suitable
for ipophilic substances. Other vehicles for periocular or intraccular jection are well known in the
art.

{88179} In some embaodiments, the composition is formulated in accordance with routine
procedures as a pharmaceutical composition adapted for intravenous adnunistration to human
beings. Typically, compositions for intravenous administration are solutions in sterile isotonic
aqueous buffer. Where necessary, the composition can alse include a solubilizing agent and a local
anesthetic such as hdocaine to ease pain at the site of the injection. Generally, the ingredients are
supphied either separately or mixed together in unit dosage form, for example, as a dry lvophitized
powder or water free concentrate i a hermetically sealed contaimer such as an ampoule or sachette
indicating the quantity of active agent. Where the composition is o be administered by infusion, it
can be dispensed with an infusion bottle containing sterile pharmaceutical grade water or saline.
Where the composition is administered by injection, an ampoule of sterile water for injection or
saline can be provided so that the ingredients can be mixed prior to administration.

{88158} When administration 1s by injection, the active compound can be formulated in
aqueous solutions, specifically in physiclogically compatible buffers such as Hanks solution,
Runger’s solution, or physiological saline buffer. The solution can contain formulatory agents such
as suspending, stabilizing and/or dispersing agents. Alternatively, the active compound can be in
powder form for constitution with a suitable vehicle, e g, sterile pyrogen-free water, before use. In
some embodiments, the pharmaceutical composition does not comprise an adjuvant or any other
substance added to enhance the immune response stimulated by the peptide. In some embodiments,
the pharmaceutical composition comprises a substance that intubits an immune response to the
peptide. Methods of formulation are known 1n the art, for example, as disclosed in Remington’s
Pharmaceutical Sciences, latest edition, Mack Publishing Co., Easton P

{80181 In some embodiments, eve disorders can be effectively treated with ophthalmic
solutions, suspensions, ointments or nserts comprising an agent or combination of agents of the
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present disclosure. Eye drops can be prepared by dissolving the active ingredient in a sterile aqueous
solution such as physiological saline, buffering solution, etc., or by combining powder compositions
to be dissolved before use. Other vehicles can be chosen, as 18 known in the art, including but not
limited to: balance salt solution, saline solution, water soluble polyethers such as polyethyene glycol,
polyvinyls, such as polyvinyl alcohol and povidone, cellulose derivatives such as methylcellulose
and hydroxypropyl methylcellulose, petroleum derivatives such as mineral o1l and white petrolatum,
animal fats such as lanolin, polymers of acrylic acid such as carboxypolymethyiene gel, vegetable
fats such as peanut o1l and polysaccharides such as dextrans, and glycosanunoglycans such as
sodium hyaluronate. I desired, additives ordinardy used in the eye drops can be added. Such
additives include isotonizing agents {e.g., sodium chloride, eic ), buffer agent (e.g., boric acid,
sodium monohydrogen phosphate, sodium dihydrogen phosphate, etc.), preservatives {e.g.,
benzalkonium chloride, benzethonium chloride, chlorobutanol, etc.), thickeners (e.g., saccharide
such as lactose, manmitol, maltose, etc.; e.g., hyalaronic acid or its salt such as sodium hyaluronate,
potassium hyaluronate, etc.; e.g., mucopolysaccharide such as chondroitin sulfate, ete; e.g., sodium
polyacrylate, carboxyvinyl polymer, crosslinked polyacrylate, polyviny! alcohol, polyvinyt
pyrrolidone, methy! cellulose, hydroxy propyl methylceliulose, hydroxyethyl celiulose,
carboxymethy! cetiulose, hydroxy propyi cellulose or other agents known to those skilled 1 the art).
(IR} The solubility of the components of the present compositions can be enhanced by a
surfactant or other appropriate co-solvent in the composition. Such cosolvents include polysorbate
20, 60, and &0, Pluronic F68, F-84 and P-103, cyclodextrin, or other agents known to those skilled in
the art. Such co-solvents can be employed at a level of from about 0.01% to 2% by weight.

{88183} The compositions of the disclosure can be packaged in multidose form. Preservatives
can be preferred to prevent microbial contamination during use. Suitable preservatives mnclude:
benzalkonium chloride, thimerosal, chlorobutanol, methyl paraben, propyl paraben, phenylethyl
alcohol, edetate disodium, sorbic acid, Onamer M, or other agenis known to those skilled in the art.
In the prior art ophthalmic products, such preservatives can be employed at a level of from 0.004%
to 0.02%. In the compositions of the present application the preservative, preferably benzalkonium
chloride, can be employed at a level of from 0.001% to fess than 0.01%, e.g., from 0.001% to
0.008%, preferably about 0.005% by weight. It has been found that a concentration of benzalkomum
chloride of 0.005% can be sufficient to preserve the compositions of the present disclosure from
microbial attack.

{80184} In some embodiments, the agents of the present disclosure are delivered in soluble
rather than suspension form, which allows for more rapid and quantitative absorption to the sites of
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action. In general, formulations such as jellies, creams, lotions, suppositories and omtments can
provide an area with more extended exposure to the agents of the present disclosure, while
formulations in solution, e.g., sprays, provide more immediate, short-term exposure.
{60185 It is envisioned additionally, that the compounds of the disclosure can be atiached
releasably to biocompatible polymers for use in sustained release formulations on, in or attached to
mserts for topical, mtraocular, periccular, or systemic administration. The controlled release from a
biocompatible polymer can be utilized with a water soluble polymer to form an instillable
formulation, as well. The controlled release from a biocompatible polymer, such as for example,
PLGA microspheres or nanospheres, can be utilized 1n a formulation suitable for intra ocular
mmplantation or injection for sustained release administration, as well any suitable biodegradable and
bioccompatible polymer can be used.

EXAMPLES
{88186} The following exemplary embodiments {further describe the present invention. It
should be understood that these examples are only intended to illustrate the invention, but not to
fimit the scope of the present invention. Unless otherwise indicated, the methods and conditions
disclosed mn e.g., sambrook et al, molecular eloning: a laboratory manual (New York: cold spring
harbor laboratory press, 1989) or the conditions recommended by the manufacturer can be used in
the examples below.
Example { — ND4 plasmid and viras preparation
{BRIRT 1.1 plasmid preparation
{B018E] The nucleotide sequence for human ND4 (SEQ D NG: 6} was obtained based on US
National Center for Biotechnology Information reference sequence yp_003024035.1. The sequences
for the non-optimized mitochondrial targeting sequence COX10 15 SEQ 1D NO: 1. The optimized
sequences for the mitochondrial targeting sequence COX10 {opt COX10, SEQ ID NO: 2) and the
coding sequence of human ND4 (opt ND4, SEQ 1D NO: 7) were designed to improve the
transcription efficiency and the translation efficiency. The optimized COX10-ND4 sequence, which
1s about 75.89% homology to the non-optimized COX10-ND4, was followed by a three prime
untranslated region (e, 3UTR, SEQ 1D NO: 13) to a recombinant nucleic acid, opt COX10-
opt_ND4-3"UTR (as shown in SEQ D NO: 31).
{B018% The synthesized recommbinant nucleic acid, opt COX10-opt ND4-3’UTR, was
mcorporated into an adeno-associated virus (AAV} vector by PCR amplification (FIG. 1). The
opt COX10-opt ND4-3’UTR was cut by the EcoRI/8all restriction enzymes to form cohesive ends,
and then embedded into an AAV vector with EcoRI/Sall restriction sites, such as the pSNaV vector,
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to generate the pSNaV/rAAV2/2-ND4 plasmid (i.e., the pAAVZ-optimized N4 plasmid). The
{8198} The recon screening and identifying steps were similar to the CN1026345278: the
plasmid was cultured at 37 °C in a LB plate. Blue colonies and white colonies were appeared, where
white colonies were recombinant clones. The white colonies were picked, added to 100 mg/L
ampiciilin-containing LB colture medium, cultured at 37 °C, 200 rpm for 8 hours and then the
plasmid were extracted from the cultured bacterial medium based on the Biomiga plasmud extraction
protocol. The wdentification of the plasmid was confirmed esing the EcoRI/Sall restriction enzymes.
{ie 1.2 cell transfection

{84192} One day before transfection, HEK293 cells were inoculated to 225 o’ cell culture
bottle: at the inoculation density of 3.0 x 107 cells/ml, the culture medium was the Dulbecco's
Modified Eagle Mediom (DMEM) with 10% bovine serum, at 37 °C in a 5% CO: incubator
overnight. The culture medium were replaced with fresh DMEM with 10% bovine serum on the day
of transfection,

{a8183} After the cells grow to 80-90%, discard the culture medium and transfect the cells
with the pAAV2-NID4 and pAAVZ2-opt ND4 plasmid, using the PlasmudTrans (VGTC) transfection
kit. The detailed transfection protocol was deseribed in CN102634527B example 1. The cells were

collected 48 h after the transfection.

{80194 1.3 Collection, concentration and purification of the recombinant adeno-associated
VIFus
{30195} Virus collection: 1) dry ice ethanol bath {or liguid nitrogen) and a 37 °C water bath

were prepared; 2} the transfected cells along with media were collected in a 15 ml centrifuge tube; 3)
the cells were centrifuged for 3 minutes at 1000 rpm/min; the cells and supernatant were separated;
the supernatant were stored separately; and the cells were re-suspended 1n 1 ml of PBS; 4) the cell
suspension were transferred between the dry ice-ethanol hath and 37 °C water bath repeatedly,
freeze thawing for four times for 10 minutes each, slightly shaking after each thawing,

{80196 Virus conceniration © 1} cell debris were removed with 10,000 g centrifugation; the
centrifugal supernatant was transferred to a new centrifuge tube; 2) impurities were removed by
filterig with a 0.45 um filter; 3) each 1/2 volume of 1M NaCl and 10% PEG 8000 solution were
added in the sample, uniformly mixed, and stored at 4 °C overnight; 4) supernatant was discarded
after 12,000 rpm centrifugation for 2 b; after the virus precipitate was completely dissolving inan

appropriate amount of PBS solution, sterdizing the sample with a 0.22 pm filter; 5) adding
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benzonase nuclease was added to remove residual plasmid DNA (final concentration at 50 U/ml).
The tube was inverted several times to mix thoroughly and then incubated at 37 °C for 30 minutes;
6) the sample was filtered with a 0.45 pum filtration head; the filtrate 1s the concentrated rAAV2
viTus.

{88197} Virus purification : 1} CsCl was added to the concentrated virus solution until a
density of 1.41 g/ml {refraction index at 1.372); 2) the sample was added to in the ultracenirifuge
tube and filled the tube with pre-prepared 1.41 g/ml CsCl solution; 3} centrifuged at 175,000 g for 24
hours to form a density gradient. Sequential collection of different densities of the sample was
performed. The enriched rAAV2 particles were collected; 4) repeating the process one more time.
The virus was loaded to a 100 kDa dialysis bag and dialyzed/desalied at 4 °C overnight. The
concentrated and punified recombinant adeno-associated virus were rAAV2-ND4 and rAAV2-
optimized N4,

{198 Similarly, other mitochondrial targeting sequences (MTS), such as OPAL (SEQ ID
NQ: 5) can be used to replace COX10 in the above example and create AAV with recombinant
plasmids.

Example 2 — intravitreal injection of rAAV2 in rabbit eyes

IR Twelve rabbits were divided into 2 group: rAAV2-ND4 and rAAVZ2-optimized ND4.
Virus solution {1 x 10'% vg/0.05 mL) was punctured into the vitreous cavity from 3 mm outside the
corneal limbus at the pars plana. After the intravitreal injection, the eyes were examined using slit
lamp exam and fundus photography inspection. Injection for 30 days. RT-PCR detection and
immunoblotiing were carried out in each group respectively.

Example 3 — real-time PCR for the expression of ND4

{80268 The RNAs from the transfected rAAV2-ND4 and rAAV2-optimized ND4 rabbit optic
nerve cells were extracted using the TRIZOL total RNA extraction kit. ¢DNA templates were
svnthesized by reverse transcription of the extracted RNA.

{3281} The NCBI conserved structural domain analysis software were used to analyze the
conservative structure of ND4, ensuring that the designed primers amplified fragments were located
at non-conserved region; then primers were designed according to the fluorescent quantitative PCR
primer design principle:

B-actin-S: CGAGATCGTGCGGGACAT (SEQ 1D NO: 85);

B-actin-A: CAGGAAGGAGGGCTGGAAC (SEQ 1D NG: 86);

ND4-S: CTGCCTACGACAAACAGAC (SEQ I NO: 87y,
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ND4-A: AGTGCGTTCGTAGTTTGAG (SEQ ID NO: 88);

jaeze2} The fluorescent quantitative PCR reaction and protocol: fluorescence quantitative
PCR were measured in a real-time PCR detection system. Ina 0.2 ml PCR reaction tube, SYBR.
green mix 12,5 b, ddH20 8 @, 1 pl of each primer, and the cDNA sample 2.5 pl, were added to an
overall volume of 25 ul. Fach sample was used for amplification of the target gene and amphifying
the reference gene B-actin, and each amplification were repeated three times. The common reagents
were added together and then divided separately to minimize handling variation. The fluorescent
quantitative PCR were carried out: pre-denaturation at 95 °C for 1 s, denaturation at 94 °C for 15 5,
annealing at S5 °C for 15 sec, extension at 72 °C for 45 s. A total of 40 cycles of amplification
reaction were performed and fluorescence signal acquisition was done at the extension phase of each
cycle. After the reaction, a 94 °C to 55 °C melting curve analysis was done. By adopting a relative
quantitative method research of gene expression level difference to beta-actin was used as an mnternal
reference gene.

{8a283} As shown in F1G. 2, the relative expression level (mRNA level) of the rAAV2-ND4
and rAAVZ-optimized NP4 were 0.42 + 0.23 and 0.57 + 0.62, respectively {(p < 0.05, FIG. 2). The
results unexpectedly show that the optimized ND4 (opt ND4, SEQ IB NO: 7) coding nucleic acid
sequence and the corresponding recombinant nucleic acid (opt COX10-opt ND4-3'UTR, SEQ ID
NQO: 31) surprisingly increased the transcription efficiency, increasing the expression of the rAAV2-
optimized ND4 by about 36%. The results showed that the transcription efficiency of the rAAV2-
optimized ND4 1s significantly higher.

Example 4 - immunoblotting detection of NI} expression

HEUR The ND4 protein was purified from the rabbit nerve cells transfected by rAAV2-
optimized ND4 and rtAAV2-ND4, respectively. After a 10% polvacrylamide gel electrophoresis, and
transferred to a polyvinyiidene difluoride membrane (Bio-Rad, HER-hercules, CA, USA) for
momune detection. B-actin was used as an internal reference gene. The film strip was observed on an
automatic irnage analysis mstrument (Li-Cor; Lincoln, NE, USA) and analyzed using the integrated
optical density of the protein band with mtegral normalization method, so as to obtain the same
sample corresponding optical density value. The statistical analysis software SPSS 19.0 was used for
the data analysis.

{285} The results was shown 1n FIG. 3. The average relative protein expression level of
ND4 for rtAAVZ-optimized ND4 (left black column} and rAAV2-ND4 was 032+ 011 and 0.08 &
0.20, respectively {p <0.01, FIG. 3). The results unexpectedly show that the optimized ND4 coding

nucleic acid sequence (opt ND4, SEQ 1D NO: 7} and the corresponding recombinant nucleic acid
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increasing the expression of the rAAV2-optimized ND4 by about 112%. The results showed that the
translation efficiency of the rAAVZ-optimized ND4 15 also significantly higher.
Example S - rabbits intraccular pressure and eve-ground photography
{30286} Shit lamp examination and intraocular pressure measurement was performed on both
eroups of rabbits at 1, 3, 7, and 30 days after the surgery. No obviously abnormality, conjunctival
congestion, secretions, or endophthalmitis were observed and the intraocular pressure were not
elevated in all the rabbits.
{8az2e7} The fundus photographic results were shown in FIG. 4. No obvious damage or
complication to the optic nerve and retinal vascular of the rabbits, indicating the standard mtravitreal
mnjection is safe without noticeable inflammation reaction or other complications.
Example 6 — human clinical trial
{8Q248] Two groups of patients were tested: 1} between 2011 and 2012, 9 patients received
intravitreal injection of 1 x 10'° vg/0.05 mL rAAV2-ND4 in a single eye, as a control group; and 2)
between 2017 and January 2018, 20 patients received intravitreal injection of 1 % 10'% vg/0.05 mL
rAAVZ-optinuzed ND4 n a single eye, as an experimental group. The results of the chinical trial
were analyzed using the statistical analysis SPSS 19.0.
{2e9y The comparison of the two groups 1s shown in Table 2. The fastest eyesight
improving time was 1 month in the experimental group, which was significantly faster than the
control group at 3 months (p < 0.61); the optimal recovery of vision for the experimental group was
1.0, which was obvicusly higher than the control group at 0.8 {p < 0.01); the average recovery of
vision in the experimental group was 0.582 + 0.086, which was obvicusly higher than the control
group at 0.344 + 0.062 (p < 0.01). The fundus photographic results were shown in ¥F1G. 8. No
obvious damage or complication to the optic nerve and retinal vascular of the patients in the
experimental and control groups, indicating the safety of the intravitreal injection of rAAV2-
optimized ND4 and rAAVZ-ND4.

Table 2: The comparison of rAAVZ-optimized ND4 and rAAV2-ND4 in LHON gene therapy

Fastest optimal
Patient evesight Mumber of patients P . average recovery
group . N A .. recovery of .
number | smproving time | with improved vision A of vision
(raonth) vision
control 9 3 6 {(67%) 0.8 0.344+0.062
experimental 20 1 15 (75%) 1.0 (.5824+6.086
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P value < 0.01 <0.01 <0.01 <0.01

Example 7 - GPA1 as the mitochondrial targeting sequences

{88214 The COX10 and 3’UTR sequences i the recombinant nucleic acid (opt. COX10-

opt ND4-3'"UTR, SEQ} I NO: 31) in examples 1-6 were replaced with another mitochondnal
targeted sequence, OPA1 (SEQ I NO: 5) and another 3"UTR sequence, 3’UTR* (SEQ ID NO:
14} respectively, to generate a new recombinant nucleic acid, OPAl-opt ND4-3'UTR* (SEQ 1D
NQ: 74).

{88211} Experimental methods were the same as examples 1-6, where the recombinant nucleic
acid opt COX10-opt ND4-3'UTR (SEQ 1D NO: 31) was replaced by OPAl-opt ND4-3'UTR*
(SEQ 1D NG: 74). It was found that, the optimized ND4 sequence has significantly improved
transcription and translation efficiencies, expression levels, as well as higher efficacy and safety
treating LHON when compared to non-optimized ND4 (COX10-ND4-3'UTR, SEQ ID NO: 15),
Example 8 — optimized ND4 sequence opt ND4™

{o0212) Similar experimental methods in examples 1-6 were followed using the nucleic acid,
opt COX10¥-opt ND4*-3'UTR (SEQ 1D NO: 47). Follow the similar procedures as in example 1,
virus tagged with a fluorescent protein, EGFP, was prepared as rAAV2-ND4-EGFP and rAAV2-
opt_ND4*-EGFP.

{80213 The frozen 2937 cell was resuscitated and allowed to grow in a T7S flask to about
90%. The cells were precipitated and resuspended 1n DMEM complete medium to a cell density of 5
x 10* cells/mL. The cells were resuspended. About 100 ul of the cell suspension (about S000 cells)
were added in each well of a 96 well plate. The cells were cultured and grown to 50% under 37 °C
and 5% CO2. About 0.02 ul PBS was mixed with 2 x 101 vg/0.02 ul of the virus TAAV2-ND4-
EGFP and rAAVZ2-opt ND4*-EGEP, respectively. After 48 hours, fluorescence microscopy and RT-
PCR detection and immunoblotting experiments were performed. As shown 1o FIG. 6, EGFP was
successtully expressed, indicating that rAAV carrying the EGFP gene was successfully transfected
m the 2937 cells and rAAV2-ND4-EGFP and rAAV2-opt ND4*-EGFP were successfully
expressed.

{214 Real-time PCR tests similar to example 3 was following using the following primers:
B-actin-8: CGAGATCGTGCGGGACAT (SEQ ID NO: 85);

Bractin-A: CAGGAAGGAGGGCTGGAAC (SEQ H» NO: 86);

ND4-S: GCCAACAGCAACTACGAGC (REG 1D NO: 197,
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ND4-A: TGATGTTGCTCCAGCTGAAG (SEQ ID NO: 108),
{08215 The results unexpectedly show that the optimized ND4* (opt ND4, SEG 1D NG: §)
coding nucleic acid sequence and the corresponding recombinant nucleic acid {opt COX10*-
opt ND4*-3'UTR, SEQ 1D NO: 47) surprisingly increased the transcription efficiency, increasing
the expression of the rAAV2-opt ND4 by about 20%. The results showed that the transcription
efficiency of the rAAVZ-opt ND4 is significantly higher.
{98216} FIG. 7 shows the ND4 expression in 2937 cells. The average expression of ND4
protein for rAAV2-ND4 15 0.36, while the average expression of NDM protein for rAAVZ-opt ND4*
18 1.65, which is about 4.6 times higher than the rAAV2-ND4 group (p < 0.01) (see FIG. 8).
sg2yTy FIG. 9 shows the ND4 expression 1n rabbit optic nerve cells. The average expression
of N4 protein for rAAV2-ND4 s 0.16, while the average expression of ND4 protein for rAAV2-
opt ND4* is 0.48, which 1s about 3 times higher than the rAAV2-ND4 group (p < 0.01) (see FiG.
10).
{H8218) Similar to example S, slit lamp examination and intraccular pressure measurement
was performed on both groups of rabbits at 1, 3, 7, and 30 days after the surgery. No obvigusly
abnormality, conjunctival congestion, secretions, or endophthalmitis were observed and the
mtraocular pressure were not elevated in all the rabbits.
{219 The fundus photographic results for rAAVZ-ND4 and rAAVZ-opt ND4* were shown
i Fi1G. 11 No obvious damage or complication to the optic nerve and retinal vascular of the rabbits,
indicating the standard intravitreal injection is safe without noticeable inflammation reaction or other
complications.
{88228 Eye balls from both rabbit groups were removed after the slit lamp examination and
mtraccular pressure measurement. Eye balls were fixed, and dehydrated using paraffin. Tissues were
pathologically sectioned along the direction of optic nerves. After further dehydration, the tissue
sample was dyed using hematoxylin and eosin. The microscope inspection result is referred to FIG.
12. As shown in the HE staining results, the rabbit retinal ganglion fiber layer was not damaged and
the number of ganglion cells was not reduced, indicating the intravitreal injection did not produce
retinal toxicity or nerve damage, and can be used safely.
{02211 Experimental methods were the same as example 8, where the recombinant nucleic
acid opt COX10%-opt ND4*-3UTR (SEQ 1D NG: 47) was replaced by OPAl-opt ND4*-3'UTR*
(SEQ ID NG: 76). It was found that, the optinmized ND4 sequence has significantly improved
transcription and translation efficiencies, expression levels, as well as higher efficacy and safety in
treating LHON when compared to non-optimized ND4 (COX10-ND4-3'UTR, SEQ ID NG: 18).
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Example 9 - ND6 sequence

joa223} Similar experimental methods in examples 1-6 were followed using the nucleic acid,
COX10-ND6-3'UTR (SEQ ID NO: 21), which 15 the combination (57 10 37} of COX10 (SEQ ID
NO: 1), ND6 (SEQ ID NO: 9}, and 3UTR (SEQ ID NO: 13).

{82231 The plasmid screening for COX10-ND6-3'UTR (SEQ 1B NO: 21) used the foliowing
PIMETS:

ND6-F: ATGATGTATGCTTTGITTICTG (SEQ 1D NG: 89),

ND6-R: CTAATTCCCCCGAGCAATCTC (SEQ ID NG: 99),

{B0224} The transfected and screened virus TAAV2-ND6 had a viral titer of 2.0 x 10! vg/mL.
Stmilar to example 5, shit lamp examination and intraccular pressure measurement was performed on
three groups of rabbits (A rAAV2-NDG; B: rAAV-GFP; C: PBS} at 1, 7, and 30 days after the
surgery {FIG. 13). No obviously abnormality, conjunctival congestion, secretions, or
endophthalmitis were observed and the intraocular pressure were not elevated in all the rabbats.
{882238] Real-time PCR tests simular to example 3 was following using the following primers:
Bractin-S: CGAGATCGTGCGGGACAT (SEQ ID NO: 85);

Bractin-A: CAGGAAGGAGGGCTGGAAC (SEQ ID NO: 86);

ND6-S: AGTGTGGGTTTAGTAATG (SEQ 1D NG: 91);

ND4-A: TGCCTCAGGATACTCCTC (SEQ 1D NO: 92);

{5822s The results show that the expression of N6 for rAAV2-ND6 and control (PBS) was
0.59+ 0.06 and 0.41 + 0.03, respectively. The resuits showed that the transeription efficiency of the
rAAVZ-ND6 15 higher than the control group {p<0.01).

Example 10 - optimized opt N6 sequence

{3327 Similar expertmental methods in examples 1-6 were followed using the nucleic acid,
opt COX10*-opt ND6-3'UTR (SEQ 1D NO: 51), which is the combination (5" to 3} of

opt COX10* (SEQ ID NO: 3), opt ND6 (SE{ ID NO: 18), and 3'UTR (SEQ D NO: 13).
{06228} Three groups of rabbits were injected: A: 10'% vg/50 pul of rAAVZ-opt ND6, B: 101
vg/50 pl of tAAVZ-ND6 (example 9), and C: 10" vg/50 pl of rAAVZ-EGFP. FIG. 14 shows the
fundus photographic results for rabbits injected with rAAV2-opt NDG (A), rAAV2-NDG (B),
rAAV-EGFP (C), respectively. No obviously abnormality, conjunctival congestion, secretions, or
endophthalmitis were observed and the intraocular pressure were not elevated in all the rabbits.
{HR2IW Real-time PCR tests similar to example 3 was following using the following primers:

practin-F: CTCCATCCTGGCCTCGCTGT (SEQ ID NO: 93);
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Bractin-R: GCTGTCACCTTCACCGTTCC (SEQ 1D NO: 94);

NDG-F: GGGTTTTCTTCTAAGCCTTCTCC (SEG ID NG: 95);

ND6-R: CCATCATACTCTTTCACCCACAG (SEQ ID NO: 96);

opt ND6-F: CGCCTGCTGACCGGCTGCGT (SEQ 1D NG: 97);

opt_NDG6-R: CCAGGCCTCGGGGTACTCCT (SEQ 1D NO: 98);

{80238 As shown in FIG, 15, rAAVZ-opt_NDG6 {A) and rAAV2-ND6 (B) both had higher
(p<<0.05) relative ND6 expression levels than the control group (C}. rAAVZ2-opt ND6 (A} had a hitle
higher relative NDI6 expression levels than rAAV2Z-NDG6 (B). As shown in the western blot in FIG.
16, rAAVZ-opt ND6 {A) had more than 3 times higher relative NDG6 expression levels than rAAV2-
ND6 (B).

{331 Experimental methods were the same as example 8, where the recombinant nucleic
acids, COX10-ND6-3'UTR (SEQ ID NO: 21) and opt_COX10*-opt_ ND6-3'UTR (SEQ ID NO:
51), were replaced by OPA1-ND6-3'UTR (SEQ ID NG: 77) and OPAl-opt ND6-3'UTR (SEQ ID
NQO: 79). It was found that, the optimized ND6 sequence has sigmificantly improved transcription
and translation efficiencies, expression levels, as well as higher efficacy and safety in treating
LHON.

Example 11 - N1 and opt ND1 sequences

{86232 Similar experimental methods in examples 1-6 were followed using rAAV2-ND1,
COX10-ND1-3'UTR (SEQ D NO: 25), which 1s the combination (57 10 37) of COX10 (SEQ ID
NO: 1), ND1 (SEQ ID NO: 11), and 3'UTR (SEQ ID NO: 13); and rAAVZ2-opt ND1,

opt COX10%-opt NDI-3'UTR (SEQ 1D NG: 88), which 1s the combination (5" to 37) of

opt_ COX10* (SEQ ID NO: 3), opt_ ND1 (SEQ ID NO: 12), and 3'UTR (SEQ ID NO: 13),
{80233 The plasmid screening for COX10-ND1-3UTR (SEQ ID NG: 25) used the following
primers;

NDI-F: ATGGCCGCATCTCCGCACACT (SEQ 1D NQ: 99),

NDI-R: TTAGGTTTGAGGGGGAATGCT (SEQ 1D NO: 100),

{88234} The plasmid screening for opt COX10%-0pt NDI-3'UTR (SEQ ID NG: 55) used the
following primers:

NDI-F: AACCTCAACCTAGGCCTCCTA (SEQ 1D NQ: 101),

NDI-R: TGGCAGGAGTAACCAGAGGTG (SEQ 1D NO: 162),

{04235] Three groups of rabbits were injected: A: 10" vg/50 pl of rAAVZ-opt NDI, B: 10%
vg/50 pl of tAAVZ-ND1 {(example 9), and C: 100 vg/50 pl of rAAVZ-EGFP. No obviously
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abnormality, conjunctival congestion, secretions, or endophthalmitis were observed and the
mtraocular pressure were not elevated in all the rabbiis.

{38236] Real-time PCR tests similar to example 3 was following using the following primers:
ND1-F: AGGAGGCTCTGTCTGGTATCTITG (SEQ D NO: 103);

NDI-R: TTTTAGGGGCTCTTTGGTGAA (SEQ 1D NO: 104);

opt ND1-F: GCCGCCTGCTGACCGGCTGCGT (SEQ 1D NO: 165);

opt ND1-R: TGATGTACAGGGTGATGGTGCTGG (SEQ ID NO: 106);

{88237} As shown in FIG. 17, rAAV2-opt ND1 {A) and tAAVZ-ND! (B) both had higher
(p<0.05) relative ND1 expression levels than the control group (C). As shown in the western blot in
FIG. 18, rAAVZ-opt ND1 (A) had more than 2 tumes higher relative ND6 expression levels than
rAAV2-ND1 (B).

{38238} Experimental methods were the same as example §, where the recombinant nucleic
acids, COX10-ND1-3'UTR (SEQ ID NO: 258} and opt COX10%-0opt ND1-3'UTR (SEQ ID NO:
58), were replaced by OPAT-ND1-3'UTR (SEQ ID NG: 81) and OPAl-opt ND1-3'UTR (SEQ ID
NQO: 83). It was found that, the optimized ND1 sequence has significantly improved transcription
and translation efficiencies, expression levels, as well as higher efficacy and safety in treating
LHON.

Example 12 — other fusion proteins

{88239} Similar experimental methods in examples 1-6 can be followed using other fusion
proteins as set forth in SEQ [D NO: 15-84. And sumifar resulis are expected to be achieved.
Example 13 — formulation development

{88248 AAVZ virus samples were used to screen different AAV formulations. The stability
of the different AAV formulations were evaluated using the StepOnePlus real-time PCR system. The
viral titer of each formulation under a freeze/thaw cycle condition was measured.

{8241 First, three different formulations were tested under 1, 2, 3, 4, and S freeze/thaw
cycles and the viral titers were measured and summarized in Table 3. The three formulations tested
were: A: phosphate-buffered saline (PBS); B: 1% o,u-trehalose dehydrate, 1% L-histidine
monohydrochloride monchydrate, and 1% polysorbate 20; and C: 180 M NaCl, 10 mM
NaH:PO4/NaxHPO4, and 0.001% poloxamer 188, pH 7.3, As shown in Table 3, formulation C has
the lowest relative standard deviation (RSD) after 5 freeze/thaw cycles, mdicating superior stability
as an AAYV formulation,

Table 3 — the viral titers of formulations A, B, and C

viral titers O cycle I cycle 2 ¢ycles 3 ¢yeles 4 ¢ycles 3 gycles RSD
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A LI5E+11 948E+10 {6 16E+1G  [2.90E+10  |1.56E+10  [S26E+09 8318
B 4.25B+11 SI2E+IL 6.66E+1T 4 30E+HIL @77EAID [420E+1I1T 0 11930
C 4.96E+11 6 91E+11  76%9E+11  ©82E+1T  |6.83E+11 [727E+I1 11390
HU S As shown in Table 3, formulation C has the lowest relative standard deviation (RSD)

after 5 freeze/thaw cycles, indicating superior stability as an AAV formulation.
{86243}
S freeze/thaw cycles and the viral titers were measured and summarized in Table 4. The three
formulations tested were: D phosphate-buffered saline (PBS), pH 7.2-7.4; E: PBS and 0.001%
poloxamer 188, pH 7.2-7 4; and F: 80 mM NaCl, 5 mM NaH:PO4, 40 mM NazHPO4, 5 mM KHPO4
and 0.001% poloxamer 188, 7.2-7 4.

Table 4 — the viral titers of formulations D, E, and F

Second, another group of three different formulations were tested under 1, 2, 3, 4, and

viral titers O cvcle i eyele 2 cycles 3 ¢ycles 4 cycles 3 cycles RSD
D 1 13E+10  4.62E+09  2.25E+09 1 .25E+09 |1 .01E+0S 948E+08 |113.25
E 4 72B+10  {548E+10 |S33E+10 {S33E+10 K. 94E+1C 4.08E+10 (10.53
i 6.01E+10  6.08E+10 [647E+10 [6.84E+10  [6.52E+10 6.05E+10  |4.81
{00244} As shown in Table 4, formulation F has the lowest relative standard deviation (RSD)

after 5 freeze/thaw cycles, indicating superior stability as an AAV formulation. Overall, formulation
F also has the lowest RSD among all tested formulations and can be used as the AAVY formulation
for future development.

{80245

described herein, it will be obvious to those skilled in the art that such embodiments are provided by

While preferred embodiments of the present invention have been shown and

way of example only. Numerous variations, changes, and substitutions will now occur to those
skilled in the art without departing from the mvention. It should be understood that various
alternatives to the embodiments of the invention described herein may be employed in practicing the
mvention. It 1s intended that the following claims define the scope of the invention and that methods

and structures within the scope of these claims and thetr equivalents be covered thereby.



CLAIMS

1. A recombinant nucleic acid, comprising:
a mitochondrial targeting sequence;
a NADH dehydrogenase 4 (ND4) coding sequence comprising a sequence that is
at least 99% identical to SEQ ID NO: 7; and

a 3’UTR nucleic acid sequence.

2. The recombinant nucleic acid of claim 1, wherein said mitochondrial targeting
sequence encodes a polypeptide comprising a peptide sequence that is at least 95% identical to a

sequence selected from the group consisting of SEQ ID NO: 129-159.

3. The recombinant nucleic acid of claim 1, wherein said mitochondrial targeting
sequence comprises a sequence that is at least 95% identical to a sequence selected from the
group consisting of SEQ ID NO: 2-5.

4. The recombinant nucleic acid of claim 1, wherein said mitochondrial targeting
sequence comprises a sequence that encodes a polypeptide selected from the group consisting of
hsCOX10, hsCOX8, scRPM2, 1cSirt5, tboNDUS7, ncQCR2, hsATP5G2, hsLACTB, spilvl,
gmCOX2, crATP6, hsOPA1, hsSDHD, hsADCK3, 0sP0644B06.24-2, Neurospora crassa ATP9
(ncATP9), hsGHITM, hsNDUFABI, hsATP5G3, ctATP6 hsADCK3, ncATP9 ncATP9,
zmLOC100282174, ncATP9 zmLOC100282174 spilvl ncATP9,
zmLOC100282174 hsADCK3 crATP6 hsATP5G3,
zmLOC100282174 hsADCK3 hsATP5G3, ncATP9 zmLOC 100282174,
hsADCK3 zmLOC100282174 crATP6 hsATP5G3,
crATP6_hsADCK3 zmLOC100282174 hsATP5G3, hsADCK3 zmLOC100282174,
hsADCK3 zmLOC100282174 crATP6, ncATP9 zmLOC100282174 spilvl GNFP_ncATP9,
and ncATP9 zmLOC100282174 spilvl lcSirt5 osP0644B06.24-2 hsATP5G2 ncATP9.

5. The recombinant nucleic acid of claim 1, wherein said ND4 coding sequence

comprises a sequence that is 100% identical to SEQ ID NO: 7.

6. The recombinant nucleic acid of claim 1, wherein said 3°’UTR nucleic acid

sequence comprises a sequence selected from the group consisting of hsACO2, hsATP5B,
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hsAK2, hsALDH2, hsCOX10, hsUQCRFS1, hsNDUFV1, hsNDUFV2, hsSOD2, hsCOXé6c,
hsIRP1, hsMRPS12, hsATP5J2, rnSOD2, and hsOXAIL.

7. The recombinant nucleic acid of claim 1, wherein said 3’UTR nucleic acid
sequence comprises a sequence that is at least 95% identical to a sequence selected from the

group consisting of SEQ ID NO: 111-125.

8. An adeno-associated viral (AAV) vector comprising a recombinant nucleic acid,
comprising: a mitochondrial targeting sequence; a NADH dehydrogenase 4 (ND4) coding
sequence comprising a sequence that is at least 99% identical to SEQ ID NO: 7; and a 3’UTR

nucleic acid sequence.

9. The AAV vector of claim 8, wherein said AAV vector is a recombinant AAV
(rAAV) vector.

10. The AAYV vector of claim 9, wherein said rAAV vector is rAAV2 vector.

11.  The AAV vector of any one of claims 8-10, wherein said ND4 coding sequence
comprises a sequence that is 100% identical to SEQ ID NO: 7.

12. A pharmaceutical composition, comprising an adeno-associated virus (AAV)
comprising a recombinant nucleic acid and a pharmaceutically acceptable excipient thereof,
wherein said recombinant nucleic acid comprises: a mitochondrial targeting sequence; a NADH
dehydrogenase 4 (ND4) coding sequence comprising a sequence that is at least 99% identical to

SEQ ID NO: 7; and a 3’UTR nucleic acid sequence.

13. The pharmaceutical composition of claim 12, wherein said pharmaceutically
acceptable excipient comprises phosphate-buffered saline (PBS), a,a-trehalose dehydrate, L-
histidine monohydrochloride monohydrate, polysorbate 20, NaCl, NaH,PO4, Na;HPO4, KH2POs4,

K>HPOys, poloxamer 188, or any combination thereof.

14. The pharmaceutical composition of claim 13, wherein said pharmaceutically

acceptable excipient comprises poloxamer 188.

15. The pharmaceutical composition of claim 14, wherein said pharmaceutically

acceptable excipient comprises 0.0001%-0.01% poloxamer 188.

16. The pharmaceutical composition of claim 12, wherein said pharmaceutical

composition has a viral titer of at least 5.0 x 10'* vg/mL.
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17. The pharmaceutical composition of claim 12, when said pharmaceutical
composition is subject to five freeze/thaw cycles, said pharmaceutical composition retains at
least 60%, 70%, 80%, or 90% of a viral titer as compared to the viral titer prior to the five

freeze/thaw cycles.

18. The pharmaceutical composition of any one of claims 12-17, wherein said ND4

coding sequence comprises a sequence that is 100% identical to SEQ ID NO: 7.
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