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Supplementary Materials and Methods 

Chemical compounds and standards 

Guattegaumerine and berbamunine were provided by Toni Kutchan. (R)-N-methylcoclaurine was 
purchased from BOC Sciences. All other chemicals were purchased from Sigma. 
 
Yeast strain construction 

Strains used in this work are listed in Table S1. All strains used are derived from the previously 
reported strain CSY1171 (10). Strains were grown non-selectively in yeast-peptone media 
supplemented with 2% w/v dextrose (YPD media), yeast nitrogen base (YNB) defined media 
(Becton, Dickinson and Company, BD) supplemented with synthetic complete amino acid mixture 
(YNB-SC; Clontech) and 2% w/v dextrose, or on agar plates made using the aforementioned 
media. Strains transformed with plasmids bearing auxotrophic selection markers (URA3 and/or 
TRP1) were grown selectively in YNB media supplemented with 2% w/v dextrose and the 
appropriate dropout media (YNB-DO; Clontech) or on YNB-DO agar plates.  
 
Yeast genomic modifications were performed using the CRISPRm method (48). Oligonucleotides 
used in this work (Table S2) were synthesized by the Stanford Protein and Nucleic Acid Facility 
(Stanford, CA). Biosynthetic genes used in this study (Table S3) were codon-optimized using 
GeneArt Gene Optimizer software (Thermo Fisher Scientific) either for expression in S. cerevisiae 
or E. coli (Table S7) and then synthesized as either gBlock DNA fragments (Integrated DNA 
Technologies, IDT) or gene fragments (Twist Bioscience). All biosynthetic genes were 
synthesized with overhangs on both the 5’ end (5’ – 
CTTAGTTTCGACGGATTCTAGAACTAGTGGATCCTATACA – gene – 3’) and 3’ end (5’ – gene 
– TAACGCGCCACTTCTAAATAAGCGAATTTCTTATGATTTA – 3’) for ease of cloning. 
CRISPRm plasmids expressing Streptococcus pyogenes Cas9 (SpCas9) and a single guide RNA 
(sgRNA) targeting a locus of interest in the yeast genome were constructed by assembly PCR 
and Gibson assembly of DNA fragments encoding SpCas9 (pCS3410), tRNA promoter and HDV 
ribozyme (pCS3411), a 20-nt guide RNA sequence (synthesized by the Stanford Protein and 
Nucleic Acid Facility), and tracrRNA and terminator (pCS3414)(49). For gene insertions, 
integration fragments containing the gene(s) of interest flanked by a promoter and terminator 
were constructed by PCR amplification such that they possessed 40 bp overhangs on either end 
with homology to the yeast genome surrounding the site targeted by the guide RNA sequence. 
Approximately 300 ng of each integration fragment was co-transformed with 300 ng of the 
CRISPRm plasmid expressing the sgRNA targeting the desired genomic site. Positive integrants 
were identified by yeast colony PCR, DNA sequencing (Quintara Biosciences; South San 
Francisco, CA), and/or functional screening by LC-MS. 
 
Plasmid construction 

Plasmids used in this study (Table S4) were constructed through Gibson assembly. Gibson 
assembly was performed by amplifying both the gene of interest and the destination plasmid 
(pCS952(8), pAG414, pAG416, pAG424(50), or pET28) with 40 bp homologous overhangs. PCR 
amplifications were performed using Q5 DNA polymerase (NEB) and linear DNA fragments were 
purified using the DNA Clean and Concentrator-5 kit (Zymo Research). Assembled plasmids 
were propagated in chemically competent E. coli (TOP10; Thermo Fisher Scientific) using heat-
shock transformation and selection on Luria-Bertani (LB)-agar plates with carbenicillin (100 
μg/mL; for pCS952, pAG414, pAG416, and pAG424 derived plasmids) or kanamycin (50 μg/mL; 
for pET28 derived plasmids). Plasmid DNA was isolated by alkaline lysis from overnight E. coli 
cultures grown at 37 °C and 250 rpm in selective LB media using Econospin columns (Epoch Life 
Science) according to the manufacturer’s protocol. 
 
Yeast transformations 
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Yeast strains were chemically transformed using the Frozen-EZ Yeast Transformation II Kit 
(Zymo Research). Individual colonies were inoculated into YPD media and grown overnight at 30 
°C and 250 rpm. Saturated cultures were back-diluted into three new cultures at 1:5, 1:10, and 
1:20 dilutions in YPD media and grown for an additional 5–7 hours to reach exponential phase. 
For each transformation, 1 mL aliquots from each back-diluted culture were pelleted by 
centrifugation at 500 g for 4 minutes (successively pelleting aliquots from each different dilution 
into a single pellet in a 1.5 mL microcentrifuge tube) and then washed twice by resuspending the 
pellet in 1 mL of 50 mM Tris-HCl buffer, pH 8.5. Washed pellets were resuspended in 50 μL of 
EZ2 solution per transformation and mixed with 100–600 ng of total DNA and 500 μL of the EZ3 
solution. The yeast suspensions were incubated at 30 °C with gentle inversion for one hour. For 
plasmid transformations, the transformed yeast was directly plated onto YNB-DO agar plates. For 
Cas9-mediated gene integrations, the yeast suspensions in the EZ3 solution were first mixed with 
1 mL YPD media, pelleted by centrifugation at 500 g for 4 minutes, and then resuspended in 250 
μL of fresh YPD media. The suspensions were incubated at 30 °C with gentle inversion for an 
additional 90 minutes to allow production of G418 resistance proteins and then spread onto YPD 
plates containing 400 mg/L G418 sulfate. For all transformations, plates were incubated at 30 °C 
for 72 hours before being used to inoculate cultures for metabolite assays. 
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Supplementary Figures 

 

Fig. S1. Titer of reticuline produced by strains CSY893, CSY1171, and CSY1326. All strains were 
cultured for 96 hr at 30 °C in synthetic complete media and the supernatant was subsequently 
analyzed by LC-MS/MS using the transitions described in Table S5. 
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Fig. S2. Comparison of standards of berbamunine (red) and guattegaumerine (green) (both 
shown here at a concentration of 50 µM; standards were provided by Toni Kutchan) with strain 
CSY1337 (blue), which produces both berbamunine and guattegaumerine. The guattegaumerine 
standard contains a nearly equal mixture of both berbamunine and guattegaumerine; 
concentrations of guattegaumerine were thus determined by first subtracting out the 
concentration of berbamunine present in the guattegaumerine standard, as determined from the 
berbamunine standard. Note that the retention times of these peaks would shift slightly over the 
course of multiple LC-MS/MS runs; whenever such shifts were large enough to result in 
ambiguous peak assignment, coinjection with berbamunine/guattegaumerine standards was used 
to verify the identity of the peaks. 
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Fig. S3. Titer of (S)-N-methylcoclaurine produced by strains CSY893 and CSY1326 under 
improved media and growth conditions. Both strains were cultured for 96 hr at 25 °C in synthetic 
complete media supplemented with 2 mM L-DOPA and 10 mM ascorbic acid and the supernatant 
was subsequently analyzed by LC-MS/MS using the transitions described in Table S5. 
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Fig. S4. Titers of residual (S)-NMC and (R)-NMC in strains containing either one (CSY1333), two 
(CSY1334), or three (CSY1335) integrated copies of PbDRS-DRR 1. All strains were cultured for 
96 hr at 25 °C in synthetic complete media supplemented with 2 mM L-DOPA and 10 mM 
ascorbic acid and the supernatant was subsequently analyzed by LC-MS/MS using the transitions 
described in Table S5. 
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Fig. S5. Effect on bisBIA titer of integration of either a single copy (strain CSY1332) or two copies 
(strain CSY1336) of BsCYP80A1. Data shown were collected after 96 hours growth at 25 °C in 
synthetic complete media supplemented with 2 mM L-DOPA and 10 mM ascorbic acid. 
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Fig. S6. De novo production of bisBIAs in yeast strains expressing PrDRS with different DRR 
domains as individual polypeptides. Strains were cultured in selective media (YNB-Ura-Trp) with 
2% dextrose with 2 mM L-DOPA and 10 mM ascorbic acid at 25 °C for 96 h before LC-MS/MS 
analysis of the growth media using the MRM transitions reported in Table S5. 
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Fig. S7. Titers of residual (S)-NMC and (R)-NMC in our top guattegaumerine producing strain 
(CSY1337) and our top berbamunine producing strain (CSY1339 expressing Bs-MaCYP80A1 
from a high-copy plasmid). Both strains were cultured for 96 hr at 25 °C in the appropriate 
dropout media supplemented with 2 mM L-DOPA and 10 mM ascorbic acid and the supernatant 
was subsequently analyzed by LC-MS/MS using the transitions described in Table S5. 
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Fig. S8. In vitro reaction of NnOMT5 on commercial (R)-N-methylcoclaurine to produce (R)-
armepavine. Data shown are representative raw LC-MS/MS traces using the transitions shown in 
Table S5 for N-methylcoclaurine and armepavine. 
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Fig. S9. Alignment of protein sequences of different CYP80A1 variants tested in vivo in S. 
cerevisiae for bisBIA biosynthesis. Alignment was generated using ClustalOmega (1, 2) and the 
visualization shown was generated using ESPript (https://espript.ibcp.fr) (3). As no CYP80A1 
crystal structures are currently available, the secondary structural features shown in the 
alignment are those of the plant P450 with a crystal structure available that is most similar to 
BsCYP80A1, CYP76AH1 from Salvia miltiorrhiza (SmCYP76AH1) (4). 
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Supplemental Tables 
 

Table S1. Yeast strains used in this work. The prefix “y” here denotes that the gene is codon-optimized for expression in E. coli. CSY1171 
contains two different isoforms of the Ps4’OMT gene – one that is wild-type, called here Ps4’OMT, and one that is codon-optimized for the yeast 
S. cerevisiae, called here yPs4’OMT. 

 
Strain ID Description Genotype 

CSY893(5) Control strain CEN.PK2-1D (MATα ura3-52; trp1-289; leu2-3, 112; trp1-1; his3Δ1; MAL2-
8L; SUC2)  

CSY1171(6) De novo (S)-reticuline strain CSY1060(7); ymr206w-CjNCS∆∷ yCjNCS-Δ23; zwf1-CjNCS∆∷ yCjNCS-
Δ23; ymr206w-RnTyrHWR∷ yRnTyrHWR; ymr206w-RnTyrHWR∷ yRnTyrHWR ‡ 

CSY1326 De novo (S)-N-methylcoclaurine strain CSY1171; Δ PsCPR; Δ EcCYP80B1; Δ Ps4’OMT* 

CSY1327 BsCYP80A1 test strain  CSY1326; LEU2∷ PGPD-BsCYP80A1-TADH1 

CSY1328 First full pathway strain CSY1327; URA3∷ PTEF1-PsCPR-TCYC1, PHXT7-PbDRS-DRR 1-TADH1 
CSY1329 Integrated PsCPR CSY1327; URA3∷ PTEF1-PsCPR-TCYC1 

CSY1330 Integrated EcCPR CSY1327; URA3∷ PTEF1-EcCPR-TCYC1 

CSY1331  Integrated AtCPR CSY1327; URA3∷ PTEF1-AtCPR-TCYC1 
CSY1332 Integrated ScCPR CSY1327; URA3∷ PTEF1-ScCPR-TCYC1 
CSY1333 First fully integrated de novo bisBIA strain CSY1332; TRP3∷ PHXT7-PbDRS-DRR 1-TADH1 
CSY1334 Two integrated PbDRS-DRR 1 copies CSY1333; HIS3∷ PGPD-PbDRS-DRR 1-TCYC1 
CSY1335 Three integrated PdDRS-DRR 1 copies CSY1334; ydr514c-yPs4’OMT*∷ PGPD-PbDRS-DRR 1-TCYC1 

CSY1336 Two integrated BsCYP80A1 copies CSY1332; TRP3∷ PGPD-BsCYP80A1-TADH1 
CSY1337  De novo guattegaumerine strain CSY1332; TRP3∷ PGPD-PrDRS-TADH1, PTEF1-PbDRR V2-TCYC1, PPGK1-

BsCYP80A1-TPHO5 
CSY1338 Second integrated bisBIA module CSY1337; HIS3∷ PHXT7-BsCYP80A1-TPGK1, PTEF1-EcTyrAM53I,A354V-TCYC1(8), 

PGPD-PrDRS-PbDRR V2 chimera 1-TADH1 
CSY1339 De novo (R)-NMC strain CSY1335; Δ BsCYP80A1 
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Table S2. Oligonucleotides used in this work. CSY1171 contains two different isoforms of the Ps4’OMT gene – one that is wild-type, called 
here Ps4’OMT, and one that is codon-optimized for the yeast S. cerevisiae, called here yPs4’OMT. The site targeted by guide RNAs is denoted in 
bold. 

 
Oligo ID Description Sequence (5’ → 3’) 

p73 Construction of sgRNA-tracrRNA cassette ATGTGTTATGTCGACTTAATGTGCTTCAGTATTACATTTTT 

p74 Construction of sgRNA-tracrRNA cassette CTAGACCTATATCGTAGTTAATCCACTAGACAGAAGTTTG 

pTV5 gRNA for construction of CSY1326 strain (excision of 
PsCPR, EcCYP80B1, and Ps4’OMT from CSY1171) 

GTGGCGAATGGGACTTTGATTGAACTCGTAAAAGCAAGTTTTAGAG
CTAGAAATAGCAAGT 

pTV6 gRNA for construction of CSY1326 strain (excision of 
PsCPR, EcCYP80B1, and Ps4’OMT from CSY1171) 

GTGGCGAATGGGACTTTAGTGAATGATCTGCCGGTAGGTTTTAGAG
CTAGAAATAGCAAGT 

pTV136 gRNA for cutting at BsCY80A1 GTGGCGAATGGGACTTTATACACGGTATGTTGATGACGTTTTAGAGC
TAGAAATAGCAAGT 

pTV228 gRNA for cutting at yPs4’OMT GTGGCGAATGGGACTTTGATATCATCAAGAACAACGAGTTTTAGAG
CTAGAAATAGCAAGT 

pTV229 gRNA for cutting at yPs4’OMT GTGGCGAATGGGACTTTGAACAAGAAACTTGTAACGGGTTTTAGAG
CTAGAAATAGCAAGT 

pTV356 gRNA for cutting at ScPDC1 GTGGCGAATGGGACTTTCAATTCACCGACACCGAAGGGTTTTAGAG
CTAGAAATAGCAAGT 

pTV11 Repair gap in construction of CSY1326 strain after 
cutting with pCS3695, replacing with Leu marker 

CAAAAATGAAAAAAAGGAAGAGTGAATGATCTGCCGGGCTTTAATTT
GCGGCCAAG 

pTV12 Repair gap in construction of CSY1326 strain after 
cutting with pCS3695, replacing with Leu marker 

TACCTACAAAACTTCTAGCTAGATTGAACTCGTAAAAGTTACGAATTC
GAGCTCGGTAC 

pTV147 Repair gap in BsCYP80A1 after cutting with 
pCS4718, inserting His tag from pET28 

GACAGGGAAATAACTAGCTACATCAAAATCACCTCCGGTCTCAGTGG
TGGTGGTGGTG 

pTV148 Repair gap in BsCYP80A1 after cutting with 
pCS4718, inserting His tag from pET28 

TGATGAGGTTGGAATGGACAAATTGATACACGGTATGTTGATTAATAT
GTTTGAAGGAGTACCAAATGCA 

pTV230 Repair gap in yPs4’OMT after cutting with pCS4719, 
inserting ScCPR 

CAATTTAGCAGCCAATTGAGCCAAGGTAATAGCACCATCGCTGAGAG
TGCACCATAT 

pTV231 Repair gap in yPs4’OMT after cutting with pCS4719, 
inserting ScCPR 

TGCGCTGTTGAAATTGGTATTGCCGATATCATCAAGAACAACAAATTA
AAGCCTTCGAGCG 
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pTV232 Repair gap in yPs4’OMT after cutting with pCS4720, 
inserting ScCPR 

TAGATACTTGGTCCACTTGAACATTATCGAACAAGAAACTTGTAACTG
AGAGTGCACCATATGCATA 

pTV233 Repair gap in yPs4’OMT after cutting with pCS4720, 
inserting ScCPR 

ACCAACTGGTTTCAAAGAGTAAACCTTTTCGACACCACCGCAAATTAA
AGCCTTCGA 

pTV246 Repair gap in yPs4’OMT after cutting with pCS4720, 
inserting yCjNCS-Δ23 

AATCATAAATCATAAGAAATTCGCTTATTTAGAAGTGGCGCTCATTCA
GATGACTTATG 

pTV247 Repair gap in yPs4’OMT after cutting with pCS4720, 
inserting yCjNCS-Δ23 

TAGTTTCGACGGATTCTAGAACTAGTGGATCCTATACAATGAACGGTA
GACCTTTGTT 

pTV361 Repair gap in ScPDC1 after cutting with pCS4721 GCTGATGGTTACGCTCGTATCAAGGGTATGTCTTGTATCATCACCAC
CTACAAAAGCTGGAGCTCTT 

pTV362 Repair gap in ScPDC1 after cutting with pCS4721 CCGGCAATACCGTTCAAAGCAGACAATTCACCGACACCGATGATCTG
CCGGTAGAG 

Module_1
-1_fwd 

Construction of strain CSY1337; PGPD-PrDRS-TADH1 
portion 

TTAATCGGCAAAAAAAGAAAAGCTCCGGATCAAGATTGTAGAGCTCTT
CGAGTTTATCAT 

Module_1
-1_rev 

Construction of strain CSY1337; PGPD-PrDRS-TADH1 
portion 

CGCTCGAAGGCTTTAATTTGTGATCTGCCGGTAGAGGTGT 

Module_1
-2_fwd 

Construction of strain CSY1337; PTEF-PbDRR V2-
TCYC1 portion 

CAAATTAAAGCCTTCGAGCGTCCCAAAACCTT 

Module_1
-2_rev 

Construction of strain CSY1337; PTEF-PbDRR V2-
TCYC1 portion 

ATATGCATAGCTTCAAAATGTTTCTACTCCTTTTTTACTC 

Module_1
-3_fwd 

Construction of strain CSY1337; PPGK1-BsCYP80A1-
TPHO5 portion 

CTGGAAGAGTAAAAAAGGAGTAGAAACATTTTGAAGCTATGCATATAG
GCATTTGCAAGAATTACT 

Module_1
-3_rev 

Construction of strain CSY1337; PPGK1-BsCYP80A1-
TPHO5 portion 

AGTAGTGGAAGATATTCTTTATTGAAAAATAGCTTGTCACCTTACGTT
CACTCTTCCTTTTTTTCATTTTTG 

Module_2
-1_fwd 

Construction of strain CSY1339; PHXT7-BsCYP80A1-
TPGK portion 

ATTTTTTTGTCAAATATCGTATCTATAGAGATAATCTCTATCAACTCAA
ACTCGTAGGAACAATTTCGGGCCCC 

Module_2
-1_rev 

Construction of strain CSY1339; PHXT7-BsCYP80A1-
TPGK portion 

GGGACGCTCGAAGGCTTTAATTTGAACGAACGCAGAATTTTCGAGTT
ATTAAACT 

Module_2
-2_fwd 

Construction of strain CSY1339; PTEF1-
EcTyrAM53I,A354V-TCYC1 portion 

AGTTTAATAACTCGAAAATTCTGCGTTCGTTCAAATTAAAGCCTTCGA
GCGTCCC 

Module_2
-2_rev 

Construction of strain CSY1339; PTEF1-
EcTyrAM53I,A354V-TCYC1 portion 

CGAAGAGCTCCAGCTTTTGTCATAGCTTCAAAATGTTTCTACTCCTTT
TTTAC 

Module_2
-3_fwd 

Construction of strain CSY1339; PGPD-PrDRS-
PbDRR V2 chimera 1-TADH portion 

GTAAAAAAGGAGTAGAAACATTTTGAAGCTATGACAAAAGCTGGAGC
TCTTCGAGTTTATCATTATCAATACT 

Module_2
-3_rev 

Construction of strain CSY1339; PGPD-PrDRS-
PbDRR V2 chimera 1-TADH portion 

GATTGTACGGGGAATGGAAAATGTACATATAATATCCAGTATCATGAT
CTGCCGGTAGAGGTGTGGTC 
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pJP-243 Amplification of pCS952 backbone TAAGCGGCCGCTAGGG 
pJP-244 Amplification of pCS952 backbone GTCGACAAAACTTAGATTAGATTGCTAT 
pJP-277 Amplification of gBlocks for ySiCNMT2, yNnOMT5, 

and yCt7OMT for Gibson assembly into pCS952 
TAGAAAGAAAGCATAGCAATCTAATCTAAGTTTTGTCGACCTTAGTTT
CGACGGATTCTAGAACTAGT 

pJP-278 Amplification of gBlocks for ySiCNMT2, yNnOMT5, 
and yCt7OMT for Gibson assembly into pCS952 

TACATGATGCGGCCCTCCTGCAGGGCCCTAGCGGCCGCTTATAAAT
CATAAGAAATTCGCTTATTTAGAAGTGG 

pJP-279 Construction of empty pAG414 control plasmid GATGGGCCTAGGAAAACTTAGATTAGATTGCTATGC 
pJP-280 Construction of empty pAG414 control plasmid GCTTCAATTAGTTATGTCACGCTTACATTCACG 

pJP-281 Amplification of pAG424 backbone TTCTAGAATCCGTCGAAACTAAGTTCT 
pJP-282 Amplification of pAG424 backbone ATTAGTTATGTCACGCTTACATTCACG 
pJP-283 Amplification of BsCYP80A1 for Gibson assembly 

into pAG424 
GTTTTAAAACACCAGAACTTAGTTTCGACGGATTCTAGAAGGATCCCA
CAAAATGGACTATATTGTTGGTTTCGTAAGTATTT 

pJP-284 Amplification of BsCYP80A1 for Gibson assembly 
into pAG424 

GGGAGGGCGTGAATGTAAGCGTGACATAACTAATCTCGAGTTACTAA
ATCCTCACTTTGGGGATAACTCTC 

pJP-285 Amplification of Bs-MaCYP80A1 for Gibson 
assembly into pAG424 

TGTGGGGGGAGGGCGTGAATGTAAGCGTGACATAACTAATCTCGAG
TTACTATATACGAACCTTGGGGATTACACG 

pJP-286 Amplification of NnCYP80A1 for Gibson assembly 
into pAG424 

GTTTTAAAACACCAGAACTTAGTTTCGACGGATTCTAGAAGGATCCCA
CAAAATGGCTTTGTTGGCCCTATTTATC 

pJP-287 Amplification of NnCYP80A1 for Gibson assembly 
into pAG424 

TGTGGGGGGAGGGCGTGAATGTAAGCGTGACATAACTAATCTCGAG
TTACTATCACTTCCTAAGAGTCGGGATAAC 

pJP-288 Amplification of VvCYP80A1 for Gibson assembly 
into pAG424 

AGAACTTAGTTTCGACGGATTCTAGAAGGATCCCACAAAATGGCAAC
ATACACGATTACGGCCGATATAAGTTTATTCT 

pJP-289 Amplification of VvCYP80A1 for Gibson assembly 
into pAG424 

TGTGGGGGGAGGGCGTGAATGTAAGCGTGACATAACTAATCTCGAG
TTACTACTTCAGAGAGTCCCAAATATTCTTTGTC 

pJP-290 Amplification of Bs-XsCYP80A1 for Gibson assembly 
into pAG424 

TGTGGGGGGAGGGCGTGAATGTAAGCGTGACATAACTAATCTCGAG
TTACTAAAGCCTTATGTTCGGTATTACTCTTAAAG 

pJP-52 Amplification of pET-28 backbone CTTGCGGCCGCACTCGAGCA 
pJP-53 Amplification of pET-28 backbone ATGGCTGCCGCGCGGCACCA 
pJP-295 Amplification of yNnOMT5 for Gibson assembly into 

pET-28 
TCATCATCACAGCAGCGGCCTGGTGCCGCGCGGCAGCCATATGGAG
GAAGACATGAAAGCACA 

pJP-296 Amplification of yNnOMT5 for Gibson assembly into 
pET-28 

CTCAGTGGTGGTGGTGGTGGTGCTCGAGTGCGGCCGCAAGTCAGG
GAAACACCTCAATGATACTT 
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pJP-297 Amplification of yCt7OMT for Gibson assembly into 
pET-28 

TCATCATCACAGCAGCGGCCTGGTGCCGCGCGGCAGCCATATGGAG
ACGATTCTTCAAGGTCAA 

pJP-298 Amplification of yCt7OMT for Gibson assembly into 
pET-28 

TCATCATCACAGCAGCGGCCTGGTGCCGCGCGGCAGCCATATGGAG
ACGATTCTTCAAGGTCAA 
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Table S3. Genes used in this work. 
 
Gene ID Description Source organism Accession ID 

ARO4Q166K DAHP synthase Saccharomyces cerevisiae AJQ16674.1 

ARO7T226I Chorismate mutase Saccharomyces cerevisiae NP_015385 

ARO10 Phenylpyruvate decarboxylase Saccharomyces cerevisiae NP_010668 
TKL1 Transketolase Saccharomyces cerevisiae NP_015399 

RnSpr Sepiapterin reductase Rattus norvegicus AAA42130 

RnPts 6-pyruvoyltetrahydropterin synthase Rattus norvegicus AAH59140 

RnQdpr Dihydropteridine reductase Rattus norvegicus P11348 

RnPcbd1 Pterin-4-alpha-carbinolamine dehydratase Rattus norvegicus NP_001007602 

RnTyrHWT Tyrosinase Rattus norvegicus NP_036872 

CjNCS Norcoclaurine synthase Coptis japonica BAF45338 

Ps6OMT Norcoclaurine 6-O-methyltransferase Papaver somniferum AY268894.1 

PsCNMT Coclaurine N-methyltransferase Papaver somniferum AY217336.1 

Ps4’OMT 6-Methyl-(S)-laudanosoline 4’-O-methyltransferase Papaver somniferum MF038041.1 

PsCPR Cytochrome P450 reductase Papaver somniferum AAC05021 

EcCPR Cytochrome P450 reductase Eschscholzia californica U67186.1 

AtCPR Cytochrome P450 reductase Arabidopsis thaliana X66016.1 

ScCPR Cytochrome P450 reductase Saccharomyces cerevisiae D13788.1 

PbDRS-DRR 1 Reticuline epimerase Papaver bracteatum No ID 

PbDRS-DRR 2 Reticuline epimerase Papaver bracteatum No ID 
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PsDRS-DRR Reticuline epimerase Papaver somniferum KP985715.1 

PrDRS 1,2-dehydroreticuline synthase Papaver rhoeas KP985716.1 

PrDRR 1,2-dehydroreticuline reductase Papaver rhoeas KP985723.1 

PbREPI Reticuline epimerase Papaver bracteatum KP985719.1 

BsCYP80A1 Berbamunine synthase Berberis stolonifera U09610.1 

NnCYP80A1 Berbamunine synthase Nelumbo nucifera XM_010255688.2 

VvCYP80A1 Berbamunine synthase Vitis vinifera RVW28439.1 

MaCYP80A1 Berbamunine synthase Mahonia aquifolium No ID 

XsCYP80A1 Berbamunine synthase Xanthorhiza simplicissima No ID 

SiCNMT2 Coclaurine N-methyltransferase Stephania intermedia MK749413 

NnOMT5 (RS)-norcoclaurine 6-O-methyltransferase Nelumbo nucifera XM_010277761 

Ct7OMT Norcoclaurine 7-O-methyltransferase Coptis teeta MH165877.1 
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Table S4. Plasmids used in this work. CSY1171 contains two different isoforms of the Ps4’OMT gene – one that is wild-type, called here 
Ps4’OMT, and one that is codon-optimized for the yeast S. cerevisiae, called here yPs4’OMT. 
 
Plasmid Description Origin Marker Source 

pCS952 High-copy S. cerevisiae expression vector, PTEF1-TfS9OMT-TCYC1 2μ URA3 (9) 

pAG414 Empty yeast expression vector; PTDH3-attR1-CmR-ccdB-attR2-TCYC1 CEN/ARS TRP1 (10) 

pAG416 Empty yeast expression vector; PTDH3-attR1-CmR-ccdB-attR2-TCYC1 CEN/ARS URA3 (10) 

pAG424 Empty yeast expression vector; PTDH3-attR1-CmR-ccdB-attR2-TCYC1 2μ TRP1 (10) 

pET-28 E. coli expression vector pBR322 kan Novagen 

pCS3300 Low-copy expression in S. cerevisiae of PbDRS-DRR 1; pAG416; PHXT7-
PbDRS-DRR 1-TCYC1 

CEN/ARS URA3 (11) 

pCS3301 Low-copy expression in S. cerevisiae of PbDRS-DRR 1; pAG416; PTDH3-
PbDRS-DRR 1-TCYC1 

CEN/ARS URA3 (11) 

pCS3302 Low-copy expression in S. cerevisiae of PsDRS-DRR; pAG416; PHXT7-
PsDRS-DRR-TCYC1 

CEN/ARS URA3 (11) 

pCS3304 Low-copy expression in S. cerevisiae of PbDRS-DRR 2; pAG416; PHXT7-
PbDRS-DRR 2-TCYC1 

CEN/ARS URA3 (11) 

pCS3410 Cas9 CRISPR vector for sequence-specific yeast genome integration; 
pUC-PRNR2-SpCas9-SV40NLS-8xHis-TCYC1 

2μ KanMX (12) 

pCS3411 sgRNA promoter + HDV ribozyme; pUC; PtRNA-Phe-HDV -- -- (12) 

pCS3414 sgRNA tracrRNA + terminator; pUC; tracrRNA-TSNR52 -- -- (12) 

pCS3695 Cas9 CRISPR vector for double cutting to excise PsCPR, EcCYP80B1, 
and Ps4’OMT from CSY1171 (de novo (S)-reticuline strain); pCS3410; 
PtRNA-Phe-HDV-sgRNApTV5-sgRNApTV6-tracrRNA-TSNR52 

2μ KanMX This work 

pCS3700 Cas9 CRISPR vector for integration at ura3 locus; pCS3410; PtRNA-Phe-
HDV-sgRNAura3-tracrRNA-TSNR52 

2μ KanMX (13) 

pCS3701 Cas9 CRISPR vector for integration at leu2 locus; pCS3410; PtRNA-Phe-
HDV-sgRNAleu2-tracrRNA-TSNR52 

2μ KanMX (13) 

pCS3702 Cas9 CRISPR vector for integration at trp3 locus; pCS3410; PtRNA-Phe-
HDV-sgRNAtrp3-tracrRNA-TSNR52 

2μ KanMX (13) 
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pCS3703 Cas9 CRISPR vector for integration at his2 locus; pCS3410; PtRNA-Phe-
HDV-sgRNAhis2-tracrRNA-TSNR52 

2μ KanMX (13) 

pCS4717 Cas9 CRISPR vector for integration at PsCNMT gene to disrupt 
production; pCS3410; PtRNA-Phe-HDV-sgRNAPsCNMT-tracrRNA-TSNR52 

2μ KanMX This work 

pCS4718 Cas9 CRISPR vector for integration at PsCYP80A1 gene to disrupt 
production; pCS3410; PtRNA-Phe-HDV-sgRNAPsCYP80A1-tracrRNA-TSNR52 

2μ KanMX This work 

pCS4719 Cas9 CRISPR vector for integration at yPs4’OMT gene to disrupt 
production; pCS3410; PtRNA-Phe-HDV-sgRNAPs4’OMT g228-tracrRNA-TSNR52 

2μ KanMX This work 

pCS4720 Cas9 CRISPR vector for integration at yPs4’OMT gene to disrupt 
production; pCS3410; PtRNA-Phe-HDV-sgRNAPs4’OMT g229-tracrRNA-TSNR52 

2μ KanMX This work 

pCS4721 Cas9 CRISPR vector for integration at ScPDC1 gene to disrupt 
production; pCS3410; PtRNA-Phe-HDV-sgRNAScPDC1-tracrRNA-TSNR52 

2μ KanMX This work 

pCS4722 Low-copy expression in S. cerevisiae of PsCPR; pAG414; PTEF1-PsCPR-
TCYC1 

CEN/ARS TRP1 This work 

pCS4723 Empty pAG416 vector for control CEN/ARS URA3 This work 

pCS4724 Empty pAG414 vector for control CEN/ARS TRP1 This work 

pCS4725 Low-copy expression in S. cerevisiae of PbREPI; pAG416; PTDH3-PbREPI-
TADH1 

CEN/ARS URA3 This work 

pCS4726 Low-copy expression in S. cerevisiae of PbDRS V1; pAG416; PTDH3-
PbDRS V1-TADH1 

CEN/ARS URA3 This work 

pCS4727 Low-copy expression in S. cerevisiae of PbDRS V2; pAG416; PTDH3-
PbDRS V2-TADH1 

CEN/ARS URA3 This work 

pCS4728 Low-copy expression in S. cerevisiae of PbDRS V3; pAG416; PTDH3-
PbDRS V3-TADH1 

CEN/ARS URA3 This work 

pCS4729 Low-copy expression in S. cerevisiae of PrDRS; pAG416; PTDH3-PrDRS-
TADH1 

CEN/ARS URA3 This work 

pCS4730 Low-copy expression in S. cerevisiae of PbREPI DRS; pAG416; PTDH3-
PbREPI DRS-TADH1 

CEN/ARS URA3 This work 

pCS4731 Low-copy expression in S. cerevisiae of PbDRR V1; pAG414; PTEF1-
PbDRR V1-TCYC1 

CEN/ARS TRP1 This work 

pCS4732 Low-copy expression in S. cerevisiae of PbDRR V2; pAG414; PTEF1-
PbDRR V2-TCYC1 

CEN/ARS TRP1 This work 

pCS4733 Low-copy expression in S. cerevisiae of PbDRR V3; pAG414; PTEF1-
PbDRR V3-TCYC1 

CEN/ARS TRP1 This work 
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pCS4734 Low-copy expression in S. cerevisiae of PrDRR; pAG414; PTEF1-PrDRR-
TCYC1 

CEN/ARS TRP1 This work 

pCS4735 Low-copy expression in S. cerevisiae of PrDRS-PbDRR V2 chimera 1; 
pAG416; PTDH3-PrDRS-PbDRR V2 chimera 1-TADH1 

CEN/ARS URA3 This work 

pCS4736 Low-copy expression in S. cerevisiae of PrDRS-PbDRR V2 chimera 2; 
pAG416; PTDH3-PrDRS-PbDRR V2 chimera 2-TADH1 

CEN/ARS URA3 This work 

pCS4737 Low-copy expression in S. cerevisiae of PrDRS-PbDRR V2 chimera 3; 
pAG416; PTDH3-PrDRS-PbDRR V2 chimera 3-TADH1 

CEN/ARS URA3 This work 

pCS4738 High-copy expression in S. cerevisiae of BsCYP80A1; pAG424; PTDH3-
BsCYP80A1-TCYC1 

2μ TRP1 This work 

pCS4739 High-copy expression in S. cerevisiae of NnCYP80A1; pAG424; PTDH3-
NnCYP80A1-TCYC1 

2μ TRP1 This work 

pCS4740 High-copy expression in S. cerevisiae of VvCYP80A1; pAG424; PTDH3-
VvCYP80A1-TCYC1 

2μ TRP1 This work 

pCS4741 High-copy expression in S. cerevisiae of Bs-MaCYP80A1; pAG424; PTDH3-
Bs-MaCYP80A1-TCYC1 

2μ TRP1 This work 

pCS4742 High-copy expression in S. cerevisiae of Bs-XsCYP80A1; pAG424; PTDH3-
Bs-XsCYP80A1-TCYC1 

2μ TRP1 This work 

pCS4743 High-copy expression in S. cerevisiae of ySiCNMT2; pCS952; PTEF1-
ySiCNMT2-TCYC1 

2μ URA3 This work 

pCS4744 High-copy expression in S. cerevisiae of yNnOMT5; pCS952; PTEF1-
yNnOMT5-TCYC1 

2μ URA3 This work 

pCS4745 High-copy expression in S. cerevisiae of yCt7OMT; pCS952; PTEF1-
yCt7OMT-TCYC1 

2μ URA3 This work 

pCS4746 Low-copy expression in E. coli of yNnOMT5; pET-28 pBR322 kan This work 

pCS4747 Low-copy expression in E. coli of yCt7OMT; pET-28 pBR322 kan This work 
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Table S5. LC-MS/MS multiple reaction monitoring (MRM) transitions and parameters used in this work. 
 
 
 
Compound Quantifier MRM transition (m/z+) Fragmentor Voltage Collision Energy Reference 

Norcoclaurine 272.2 → 107 170 28 (14) 

Berbamunine/guattegaumerine 597 → 192 100 37 This work 

N-methylcoclaurine 300 → 107 100 37 (15) 

Armepavine 314 → 107 100 35 (16) 

Magnocurarine 315 → 107 122 30 This work 

Dauricine 625 → 206 150 46 This work 

 
 
 
Compound Qualifier MRM transition (m/z+) Fragmentor Voltage Collision Energy Reference 

Norcoclaurine 272.2 → 161 170 15 (14) 

Berbamunine/guattegaumerine 597 → 475 110 25 This work 

N-methylcoclaurine 300 → 175 100 25 (17) 

Armepavine 314 → 283 122 18 This work 

Magnocurarine 315 → 58 122 34 This work 

Dauricine 625 → 190 150 98 This work 
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Table S6. Exact p-values from Student’s two-tailed t-tests in Figures 1-4. 
 
 
Figure Test p-value 

1b (S)-N-methylcoclaurine production with PsNCS/Ps6OMT/PsCNMT vs. without PsNCS/Ps6OMT/PsCNMT 2.02 × 10-3 

1c Guattegaumerine production with BsCYP80A1 & fed (R)-NMC vs. with fed (R)-NMC but without BsCYP80A1  0.0322 

1c Guattegaumerine production with BsCYP80A1 & fed (R)-NMC vs. with BsCYP80A1 but without fed (R)-NMC 0.0321 

2a BisBIA production with PsCPR vs. with no CPR 0.0177 

2a BisBIA production with ScCPR vs. with no CPR 0.0388 
4b Berbamunine production with Bs-MaCYP80A1 vs. without Bs-MaCYP80A1 4.67 × 10-3 

4c Magnocurarine production with SiCNMT2 vs. without SiCNMT2 0.0261 

4d (RS)-armepavine production with NnOMT5 vs. without NnOMT5 6.68 × 10-3 

4d (RS)-armepavine production with Ct7OMT vs. without Ct7OMT 0.0103 

S1 De novo reticuline production, strain CSY893 vs. CSY1171 3.77 × 10-3 

S1 De novo reticuline production, strain CSY1326 vs. CSY1171 3.77 × 10-3 

S3 (S)-N-methylcoclaurine production with PsNCS/Ps6OMT/PsCNMT vs. without PsNCS/Ps6OMT/PsCNMT, with 
L-DOPA/ascorbic acid supplementation 

2.78 × 10-3 

S4 Residual (R)-NMC titer, CSY1333 vs. CSY1334 0.0180 

S4 Residual (R)-NMC titer, CSY1333 vs. CSY1335 0.0431 

S4 Residual (R)-NMC titer, CSY1334 vs. CSY1335 0.0496 

S5 Effect of a second integrated BsCYP80A1 copy, guattegaumerine titer 0.203 

S5 Effect of a second integrated BsCYP80A1 copy, berbamunine titer 0.260 
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Table S7. Sequences of genes used in this work. 
 

Gene ID Sequence 
PbDRS-DRR 1 ATGGAATTGCAATACTTCTCCTACTTCCAACCTACCTCTTCTGTTGTT

GCTTTGTTGTTGGCATTGGTCAGTATCTTGTTTTCCGTTGTTGTTTTG
AGAAAGACCTTCTCCAACAACTATTCTTCTCCAGCTTCTTCTACTGAA
ACCGCTGTTTTGTGTCATCAAAGACAACAATCTTGCGCCTTGCCAAT
TTCTGGTTTGTTGCATGTTTTCATGAACAAGAACGGTTTGATCCATGT
TACCTTGGGTAATATGGCTGATAAGTACGGTCCAATTTTCTCTTTTCC
AACCGGTTCTCATAGAACCTTGGTTGTTTCTTCTTGGGAAATGGTCA
AAGAATGTTTCACCGGTAACAACGATACCGCCTTTTCTAATAGACCA
ATTCCATTGGCTTTCAAGACCATTTTCTATGCCTGTAGAGGTATCGAC
TCTTACGGTTTATCTTCTGTTCCATACGGTAAATATTGGAGAGAATTG
AGAAAGGTTTGCGTCCACAACTTGTTGTCCAATCAACAATTATTGAA
GTTCAGACACTTGATCATCTCCCAAGTTGATACCTCCTTCAACAAGTT
ATACGAATTGTGCAAGAACTCCGAAGATAATCAAGGTATGGTTAGAA
TGGATGATTGGTTGGCTCAATTGTCCTTCTCAGTTATTGGTAGAATC
GTTTGCGGTTTCCAATCTGATCCAAAAACTGGTGCTCCATCTAGAGT
CGAACAATTCAAAGAAGCTATTAACGAAGCCTCCTACTTCATGTCTA
CTTCTCCAGTTTCTGATAACGTTCCAATGTTGGGTTGGATCGATCAAT
TGACTGGTTTGACTAGAAACATGACCCATTGTGGTAAGAAGTTGGAT
TTGGTTGTCGAATCCATCATCAACGATCACAGACAAAAGAGAAGATT
CTCCAGAACAAAAGGTGGTGACGAAAAGGATGATGAACAAGATGAT
TTCATCGACATCTGCTTGTCCATTATGGAACAACCACAATTGCCAGG
TAACAACAATCCACCAAAAATCCCAATCAAGTCCATCGTTTTGGATAT
GATTGGTGCTGGTACTGATACCACTAAGTTGACTATTATTTGGACCTT
GTCCTTGTTGTTGAACAACCCAAATGTTTTGGCTAAGGCCAAACAAG
AAGTTGACGCTCATTTTGAAACTAAGAAGAGATCTACCAACGAAGCT
TCTGTCGTTGTTGATTTCGATGATATTGGTAACTTGGTCTACATCCAA
GCCATTATCAAAGAATCCATGAGATTATACCCAGTCTCCCCAGTTGT
TGAAAGATTGTCATCTGAAGATTGTGTTGTTGGTGGTTTTCATGTTCC
AGCTGGTACTAGATTGTGGGCTAATGTTTGGAAAATGCAAAGAGATC
CAAAGGTTTGGGATGACCCTTTGGTTTTTAGACCAGAAAGATTCTTG
TCCGACGAACAAAAAATGGTTGATGTTAGAGGTCAAAATTACGAATT
ATTGCCATTTGGTGCCGGTAGAAGAATTTGTCCAGGTGTTTCTTTCT
CCTTGGATTTGATGCAATTGGTCTTGACCAGATTGATCTTGGAATTC
GAAATGAAATCTCCATCCGATAAGGTTGATATGACTGCTACTCCAGG
TTTGATGTCTTACAAAGTTGTTCCATTGGACATCTTGTTGACCCATAG
AAGAATCAAGTCTTGCGTTCAATTGGCCTCTTCTGAAAGAGATATGG
AATCTTCTGGTGTTCCAGTTATCACTTTGAGATCTGGTAAAGTTATGC
CAGTTTTGGGTATGGGTACTTTTGAAAAAGCTGGTAAGGGTTCCGAA
AGAGAAAGATTGGCTATTTTGAAGGCCATCGAAGTTGGTTACAGATA
CTTTGATACTGCTGCTGCTTACGAAACCGAAGAAGTTTTAGGTGAAG
CTATTGCTGAAGCCTTGCAATTGGGTTTAATCAAGTCAAGAGATGAA
TTATTCATTTCCTCCATGTTGTGGTGTACTGATGCTCATCCAGATAGA
GTTTTGTTGGCATTGCAAAACTCATTGAGAAACTTGAAGTTGGAATAC
GTCGACTTGTACATGTTGCCATTTCCAGCTTCATTGAAGCCAGGTAA
GATTACCATGGATATCCCAGAAGAAGATATCTGCCCAATGGATTATA
GATCTGTTTGGTCTGCTATGGAAGAATGCCAAAATTTGGGTTTGACC
AAGTCCATTGGTGTCTCTAATTTCTCCTGCAAAAAGTTGGAAGAATTG
ATGGCTACTGCTAACATTCCACCAGCTGTAAATCAAGTTGAAATGTC
TCCAGCTTTCCAACAAAAGAAGTTGAGAGAATACTGCAACGCTAACA
ACATTTTGGTTTCCGCCGTTTCTATTTTGGGTTCTAATGGTACTCCAT
GGGGTTCAAATGCTGTTTTAGGTTCTGAAGTCTTGAAAAAGATTGCT
ATGGCCAAGGGTAAATCCGTTGCTCAAGTTTCAATGAGATGGGTTTA
TGAACAAGGTGCTTCCTTGGTTGTTAAGTCCTTTAGTGAAGAAAGAT
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TAAGAGAAAACTTGAACATCTTCGACTGGCAATTGACCAAAGAAGAT
AACGAAAAGATCGGTGAAATCCCACAATGCAGAATTTTGTCTGCTTA
CTTCTTGGTTAGTCCAAAGGGTCCATTCAAGTCTCAAGAAGAATTAT
GGGATGATAAGGCTTAA 

PbDRS-DRR 2 ATGGAATTGCAATACTTCTCCTACTTCCAACCTACCTCTTCTGTTGTT
GCTTTGTTGTTGGCATTGGTCAGTATCTTGTTTTCCGTTGTTGTTTTG
AGAAAGACCTTCTCCAACAACTATTCTTCTCCAGCTTCTTCTACTGAA
ACCGCTGTTTTGTGTCATCAAAGACAACAATCTTGCGCCTTGCCAAT
TTCTGGTTTGTTGCATGTTTTCATGAACAAGAACGGTTTGATCCATGT
TACCTTGGGTAATATGGCTGATAAGTACGGTCCAATTTTCTCTTTTCC
AACCGGTTCTCATAGAACCTTGGTTGTTTCTTCTTGGGAAATGGTCA
AAGAATGTTTCACCGGTAACAACGATACCTTCTTCAGCAACAGACCC
ATACCATTAGCCTTTAAGATCATTTTCTACGCCGGTGGTGTAGATAG
CTATGGACTTGCTTTAGTGCCATATGGCAAGTACTGGAGGGAGTTGA
GAAAAATTTGTGTTCATAACTTACTTTCAAACCAGCAACTTTTGAACT
TTAGGCACTTAATAATTTCTCAAGTCGATACTTCTTTCAATAAGCTGT
ATGATTTGTCAAACAAAAAGAAAAATACAACCACTGACTCTGGGACC
GTTAGGATGGATGATTGGCTAGCTCAATTGTCCTTTAACGTCATTGG
AAGGATTGTATGTGGTTTTCAAACACATACGGAAACCTCCGCCACGT
CAAGTGTGGAACGTTTCACAGAAGCAATTGATGAAGCATCAAGATTC
ATGTCAATTGCTACGGTCTCTGATACTTTTCCATGGTTGGGTTGGAT
AGATCAATTAACAGGTCTTACCCGTAAGATGAAACATTATGGTAAGA
AGTTAGATTTGGTTGTTGAGAGCATTATCGAAGATCACAGGCAAAAT
AGAAGAATTTCCGGCACCAAACAAGGAGACGATTTTATTGATATATG
TCTGTCTATCATGGAGCAACCTCAAATAATTCCAGGAAATAACGATC
CTCCGAGGCAAATACCAATAAAATCTATTGTTTTAGATATGATAGGTG
GAGGTACCGATACTACTAAATTGACTACAACTTGGACATTAAGCTTAT
TACTGAACAATCCACATGTTTTAGAAAAAGCCAGAGAAGAAGTAGAT
GCTCATTTCGGTACAAAGAGGCGTCCAACTAACGATGACGCAGTCAT
GGTGGAGTTTGATGATATACGTAATCTAGTGTATATTCAAGCTATTAT
TAAAGAGTCTATGAGACTTTACCCAGCATCACCAGTAGTCGAGCGTT
TATCTGGTGAAGACTGTGTAGTTGGCGGTTTCCATGTTCCAGCTGGT
ACTAGATTATGGGTTAATGTCTGGAAGATGCAGAGAGATCCGAATGT
TTGGGCTGACCCGATGGTTTTTAGACCTGAAAGATTCTTGTCTGACG
AGCAGAAGATGGTCGACGTTAGAGGACAAAATTATGAATTGTTGCCT
TTCGGTGCAGGTAGGAGAATATGTCCTGGTGTTTCTTTCTCCTTGGA
TTTGATGCAATTGGTCTTGACCAGATTGATCTTGGAATTCGAAATGAA
GTCTCCATCCGGTAAGGTTGATATGACTGCTACTCCAGGTTTGATGT
CTTACAAAGTTGTTCCATTGGACATCTTGTTGACCCATAGAAGAATCA
AGTCTTGCGTTCAATTGGCCTCTTCTGAAAGAGATATGGAATCTTCT
GGTGTTCCAGTTATCACTTTGAGATCTGGTAAAGTTATGCCAGTTTTG
GGTATGGGTACTTTTGAAAAAGCTGGTAAGGGTTCCGAAAGAGAAA
GATTGGCTATTTTGAAGGCCATCGAAGTTGGTTACAGATACTTTGAT
ACTGCTGCTGCTTACGAAACCGAAGAAGTTTTAGGTGAAGCTATTGC
TGAAGCCTTGCAATTGGGTTTAATCAAGTCAAGAGATGAATTATTCAT
TTCCTCCATGTTGTGGTGTACTGATGCTCATCCAGATAGAGTTTTGTT
GGCATTGCAAAACTCATTGAGAAACTTGAAGTTGGAATACGTCGACT
TGTACATGTTGCCATTTCCAGCTTCATTGAAGCCAGGTAAGATTACC
ATGGATATCCCAGAAGAAGATATCTGCCCAATGGATTATAGATCTGT
TTGGTCTGCTATGGAAGAATGCCAAAATTTGGGTTTGACCAAGTCCA
TTGGTGTCTCTAATTTCTCCTGCAAAAAGTTGGAAGAATTGATGGCTA
CTGCTAACATTCCACCAGCTGTAAATCAAGTTGAAATGTCTCCAGCT
TTCCAACAAAAGAAGTTGAGAGAATACTGCAACGCTAACAACATTTT
GGTTTCCGCCGTTTCTATTTTGGGTTCTAATGGTACTCCATGGGGTT
CAAATGCTGTTTTAGGTTCTGAAGTCTTGAAAAAGATTGCTATGGCC
AAGGGTAAATCCGTTGCTCAAGTTTCAATGAGATGGGTTTATGAACA
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AGGTGCTTCCTTGGTTGTTAAGTCCTTTAGTGAAGAAAGATTAAGAG
AAAACTTGAACATCTTCGACTGGCAATTGACCAAAGAAGATAACGAA
AAGATCGGTGAAATCCCACAATGCAGAATTTTGTCTGCTTACTTCTTG
GTTAGTCCAAAGGGTCCATTCAAGTCTCAAGAAGAATTATGGGATGA
TAAGGCTTAA 

PsDRS-DRR ATGGAATTGCAATACATCTCCTACTTCCAACCTACCTCTTCTGTTGTT
GCTTTGTTGTTGGCATTGGTCAGTATCTTGTCTTCCGTTGTTGTTTTG
AGAAAGACCTTCCTAAACAACTATTCTTCTTCACCAGCTTCTTCTACT
AAGACCGCTGTTTTGTCTCATCAAAGACAACAATCTTGCGCCTTGCC
AATTTCTGGTTTGTTGCATATTTTCATGAACAAGAACGGTTTGATCCA
TGTTACCTTGGGTAATATGGCTGATAAGTACGGTCCAATTTTCTCTTT
TCCAACCGGTTCTCATAGAACCTTGGTTGTTTCTTCTTGGGAAATGG
TCAAAGAATGTTTCACCGGTAACAACGATACCGCCTTTTCTAATAGA
CCAATTCCATTGGCTTTCAAGACCATTTTCTATGCCTGTGGAGGTAT
CGACTCTTACGGTTTATCTTCTGTTCCATACGGTAAATATTGGAGAGA
ATTGAGAAAGGTTTGCGTCCACAACTTGTTGTCCAATCAACAATTATT
GAAGTTCAGACACTTGATCATCTCCCAAGTTGATACCTCCTTCAACA
AGTTATACGAATTGTGCAAGAACTCCGAAGATAATCATGGTAATTACA
CGACAACAACCACTACAGCTGCAGGTATGGTTAGAATCGATGATTGG
TTGGCTGAATTGTCCTTCAACGTTATTGGTAGAATCGTTTGCGGTTTC
CAATCTGGTCCAAAAACTGGTGCTCCATCTAGAGTCGAACAATTCAA
AGAAGCTATTAACGAAGCCTCCTACTTCATGTCTACTTCTCCAGTTTC
TGATAACGTTCCAATGTTGGGTTGGATCGATCAATTGACTGGTTTGA
CTAGAAACATGAAGCATTGTGGTAAGAAGTTGGATTTGGTTGTCGAA
TCCATCATCAACGATCACAGACAAAAGAGAAGATTCTCCAGAACAAA
AGGTGGTGACGAAAAGGATGATGAACAAGATGATTTCATCGACATCT
GCTTGTCCATTATGGAACAACCACAATTGCCAGGTAACAACAATCCA
TCACAAATCCCAATCAAGTCCATCGTTTTGGATATGATTGGTGGAGG
TACTGATACCACTAAGTTGACTACAATTTGGACCTTGTCCTTGTTGTT
GAACAACCCACATGTTTTGGATAAGGCCAAACAAGAAGTTGACGCTC
ATTTTAGGACTAAGAGAAGATCTACCAACGACGCTGCAGCCGCCGTT
GTTGATTTCGATGATATTCGTAACTTGGTCTACATCCAAGCCATTATC
AAAGAATCCATGAGATTATACCCAGCTTCCCCAGTTGTTGAAAGATT
GTCAGGTGAAGATTGTGTTGTTGGTGGTTTTCATGTTCCAGCTGGTA
CTAGATTGTGGGCTAATGTTTGGAAAATGCAAAGAGATCCAAAGGTT
TGGGATGACCCTTTGGTTTTTAGACCAGATAGATTCTTGTCCGACGA
ACAAAAAATGGTTGATGTTAGAGGTCAAAATTACGAATTATTGCCATT
TGGTGCCGGTAGAAGAGTTTGTCCAGGTGTTTCTTTCTCCTTGGATT
TGATGCAATTGGTCTTGACCAGATTGATCTTGGAATTCGAAATGAAG
TCTCCATCCGGTAAGGTTGATATGACTGCTACTCCAGGTTTGATGTC
TTACAAAGTTATTCCATTGGACATCTTGTTGACCCATAGAAGAATCAA
GCCTTGCGTTCAATCTGCCGCTTCTGAAAGAGATATGGAATCTTCTG
GTGTTCCAGTTATCACTTTGGGTTCTGGTAAAGTTATGCCAGTTTTG
GGTATGGGTACTTTTGAAAAAGTCGGTAAGGGTTCCGAAAGAGAAA
GATTGGCTATTTTGAAGGCCATCGAAGTTGGTTACAGATACTTTGAT
ACTGCTGCTGCTTACGAAACCGAAGAAGTTTTAGGTGAAGCTATTGC
TGAAGCCTTGCAATTGGGTTTAGTAAAGTCAAGAGATGAATTATTCAT
TTCCTCCATGTTGTGGTGTACTGATGCTCATGCTGATAGAGTTTTGTT
GGCATTGCAAAACTCATTGAGAAACTTGAAGTTGGAATACGTCGACT
TGTACATGTTGCCATTTCCAGCTTCATTGAAGCCAGGTAAGATTACC
ATGGATATCCCAGAAGAAGATATCTGCAGAATGGATTATAGATCTGT
TTGGGCAGCTATGGAAGAATGCCAAAATTTGGGTTTCACCAAGTCCA
TTGGTGTCTCTAATTTCTCCTGCAAAAAGTTGCAAGAATTGATGGCTA
CTGCTAACATTCCACCAGCTGTAAATCAAGTTGAAATGTCTCCAGCT
TTCCAACAAAAGAAGTTGAGAGAATACTGCAACGCTAACAACATTTT
GGTTTCCGCCATTTCTGTTTTGGGTTCTAATGGTACTCCATGGGGTT
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CAAATGCTGTTTTAGGTTCTGAAGTCTTGAAAAAGATTGCTATGGCC
AAGGGTAAATCCGTTGCTCAAGTTTCAATGAGATGGGTTTATGAACA
AGGTGCTTCCTTGGTTGTTAAGTCCTTTAGTGAAGAAAGATTAAGAG
AAAACTTGAACATCTTCGACTGGGAATTGACCAAAGAAGATCATGAA
AAGATCGGTGAAATCCCACAATGCAGAATTTTGTCTGCTTACTTCTTG
GTTAGTCCAAACGGTCCATTCAAGTCTCAAGAAGAATTATGGGATGA
TGAAGCTTAA 

PbREPI ATGGAACTACAATATTTCTCTTACTTCCAGCCCACTAGTAGTGTTGTT
GCTCTACTACTGGCTCTTGTTTCCATTTTGTTTAGCGTAGTGGTTCTG
CGTAAGACGTTCTCCAACAATTATTCAAGTCCAGCCAGTTCCACCGA
GACTGCGGTATTATGCCACCAACGTCAGCAAAGCTGCGCCTTACCG
ATTAGTGGCTTGTTGCACGTCTTCATGAATAAAAACGGACTAATACA
CGTAACCTTAGGCAACATGGCGGATAAGTATGGTCCGATATTTTCAT
TCCCAACGGGTAGCCACAGGACACTGGTGGTTTCCTCTTGGGAAAT
GGTCAAAGAATGTTTTACAGGAAATAACGACACCGCTTTCAGTAATA
GGCCAATCCCTCTAGCATTTCAGACGATTTTTTATGCGTGCGGCGGC
ATTGACTCATACGGCTTGAGCAGCGTCCCCTACGGAAAGTATTGGC
GTGAACTACGTAAAGTTTGTGTGCACAATCTATTAAGCAATCAACAG
CTATTGAAATTTAGGCATTTGATAATTTCACAAGTGGACACGTCTTTC
AACAAATTATACGAACTGTGTAAAAACAGTGAGGACAATCAGGGGAT
GGTCAGAATGGATGACTGGCTAGCACAACTGTCCTTTAATGTCATTG
GGAGAATCGTGTGCGGGTTTCAATCCGACCCGAAAACGGGCGCACC
CAGTAGGGTCGAGCAGTTCAAGGAAGTAATAAATGAGGCCTCCTAC
TTTATGTCCACGTCCCCTGTGAGCGACAATGTGCCCATGCTTGGCTG
GATCGACCAACTGACGGGCCTGACAAGAAATATGAAACATTGCGGA
AAGAAACTGGACCTGGTAGTAGAGTCTATCATAAAGGATCACCGTCA
GAAGCGTAGATTTAGCAGAACCAAAGGCGGCGACGAGAAAGACGAC
GAGCAGGATGATTTCATTGACATATGTTTGAGCATTATGGAACAGCC
GCAGTTACCCGGGAATAATTCCCCTCCCCAAATCCCAATAAAGAGCA
TAGTTTTAGACATGATTGGCGGTGGAACGGATACTACTAAGCTGACC
ACCATATGGACACTAAGTTTGTTGCTAAATAACCCCCATGTCCTAGAT
AAGGCTAAACAAGAGGTGGATGCCCATTTTAGAAAAAAAAGAAGGTC
CACCGACGATGCCGCCGCTGCAGTGGTTGATTTTGATGACATCCGT
AACTTAGTTTACATCCAGGCGATCATCAAGGAATCAATGAGGCTGTA
TCCTGCTTCTCCAGTAGTTGAGAGGTTAAGCGGAGAGGACTGCGTA
GTTGGTGGATTTCACGTGCCCGCAGGGACGCGTTTATGGGCCAACG
TTTGGAAAATGCAGAGGGACCCGAAAGTGTGGGACGATCCATTAGT
TTTTAGGCCGGAAAGATTCTTATCTGATGAGCAGAAAATGGTAGACG
TGCGTGGACAGAATTACGAGCTTTTGCCCTTTGGAGCAGGCAGGAG
GATTTGCCCCGGGGTGTCATTCAGCTTAGATTTGATGCAACTGGTTC
TAACACGTCTAATACTTGAATTTGAAATGAAGAGTCCTTCCGGAAAG
GTAGACATGACAGCGACCCCCGGTCTAATGTCCTACAAAGTCGTTC
CCTTAGATATCCTGCTTACTCACCGTCGTATTAAAAGTTGTGTCCAAT
TAGCGTCTAGTGAAAGAGATATGGAGAGTAGTGGGGTTCCAGTGAT
TACTTTGTCTTCCGGTAAGGTCATGCCTGTATTAGGAATGGGAACGT
TCGAAAAAGTCGGCAAGGGCAGCGAACGTGAGAGATTAGCGATTCT
GAAGGCTATTGAAGTAGGATACAGATACTTTGACACTGCAGCGGCTT
ACGAGACGGAAGAGGTGCTGGGTGAAGCAATTGCCGAGGCACTTCA
ACTAGGACTGATCGAATCCAGAGATGAATTGTTTATCTCTTCTATGCT
ATGGTGCACGGATGCACACCCTGACCGTGTTCTTCTTGCACTTCAAA
ACAGCTTGAGGAACCTTAAACTGGAGTACCTAGACCTTTACATGCTG
CCTTTCCCGGCTAGCTTAAAACCGGGCAAGATCACGATGGACATTC
CGGAGGAGGATATCTGTAGGATGGACTATCGTTCAGTGTGGTCTGC
CATGGAGGAATGTCAGAACCTAGGATTTACCAAAAGTATCGGCGTCA
GTAACTTTTCCTGCAAGAAACTACAGGAGTTGATGGCGACTGCTAAC
ATCCCCCCAGCCGTCAATCAAGTCGAAATGTCCCCAGCTTTCCAGCA
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GAAAAAATTGAGGGAATATTGTAACGCTAATAATATCCTGGTAAGTG
CTGTCTCTATATTGGGGTCTAACGGCACACCGTGGGGCTCAAATGC
AGTTCTTGGAAGCGAGGTTCTAAAACAGATAGCTATGGCTAAAGGCA
AAAGCGTAGCACAGGTGTCAATGCGTTGGGTTTATGAACAGGGTGC
CAGTCTGGTGGTGAAGTCATTCAGCGAAGAGAGACTGAGGGAGAAT
CTGAACATCTTTGATTGGGAACTAACAAAGGAGGACAACGAGAAGAT
AGGAGAAATCCCCCAGTGTAGAATCTTGACTGCGTATTTCCTGGTCT
CACCTAACGGTCCGTTTAAAAGCCAGGAGGAATTATGGGATGACAA
GGCT 

PrDRS ATGGAGTACAGCGATTTACAATTGTTTGGTTTCCAGCCCACAAGCGT
CGTAGCATTATTGCTGGCGTTGGTCTCCATTTTGCTAGGCGTCATTG
CGGTGTCACACCACAGGGCGAAGCCTTCTTGTGCTCTGCCCATGAT
CGGTTTATACCACGTTTTTATGAATAAGACAGGTTTAATTCATGTAAC
ACTTGGGAACATGGCAGATAAGTACGGGCCCATCTTCAGCTTCCCA
ACGGGAGGCCACAGAGCCCTGGTTGTCTCCTCTTGGGAAATGGCCA
AGGAATGTTTCACAGGTGACAACGATATCGTCTTCAGTAACCGTCCT
ATGCCGCTATCCTTCAAGATAATATTCAACGCGGGTGGTATAGATTC
CGCCGGACTGACCCAAGTTCCTTATGGGAAGTATTGGCGTGAGTTG
AGGAAGATTTGCGTCCACAACCTTTTGAGTAATCAGCAGTTACTTAA
ATTCCGTCACTTAATAAACTCTCAGGTTGACACATCCTTTACAAAACT
ATACGAGTCTTGTAACAAGGGGAATAGTGGCATGGTGAGGATGGAC
GACTGGTTAGGAGAATTGTCATTCAACGTAATAGGACGTATAGTCTG
CGGCTTTAGGAGCGATACTGAAACCTCTGCGACAAGTAGTGCGGAA
AGGTTCACGGTAGCAATCGATGAAGCAAGTCGTTTTATGTCCATACC
AGCGGTCTCTGATACCTTCCCTTGGCTTGGTTGGATTGATCGTCTTA
CTGGTTTAATCAAGGACATGAAACACCACGCGGAAAAATTAGACCTA
GTTGTGGAGTCCATTATAGAGGACCACAGGCAAAAGAGACGTTTCTC
TCGTACGAAGAAGGGAGACGAGAATAACACAGAAGACGAGCAGGAT
GATTTCATAGACATATGTTTGTCCATCATGGAGCAACCAGAGTTACC
GGGGAACAACTATGCACGTCAAATGCCTATTAAGAGTATCATTGTTG
ATATGATTGGCGGTGCCACTGACACGACAAAACTGACAACGATATG
GACACTATCCTTATTGCTGAATAACCCCCACGTATTAGGAAAAGCAA
AGGAGGAGGTAGATGCGCATTTTGGAAAGAAGCGTAGCAGCACGAA
CGGTGAAGTAATGGTTGATTTCGACGATATCAGAAGCTTAGTGTACA
TTCAGGCTATAATAAAGGAAAGCATGAGATTATATCCCGCTTCTCCA
GTTGTGGAAAGGTTGAGCAGTGAAGACTGCGTAGTCGGCGGCTTTC
ACGTCAGTGCCGGAACGAGGCTATGGGTGAATGTGTGGAAGGTGCA
ACGTGATCCTGAAGTTTGGGATGACCCTAGTGTATTCCGTCCAGAGA
GATTCCTGAGTAACGAGCAAAAGATGGTAGATGTCAGGGGGCAGGA
TTACGAGCTACTTCCTTTTGGAGCTGGACGTCGTATTTGTCCTGGCG
TATCCTTTAGCTTGGATTTGATGCATCTAGTCTTAACCAGGTTGATCC
TGGAGTTTGAAATCAAATCCCCCGGTGGAGAGGTTGACATGACTGC
AACGCAGGGGCTTATGTCTTACAAGGTCGTGCCATTGGACATCCTG
CTAACAAGAAGAATGTTG 

PrDRR ATGGATAGTAGCGGGGTCCCTGTAATTCCGCTAAGCAGCGGAAAGG
GTATGCCGGCGCTGGCATTAGGGACGTTTGAGACCTTTGGGAAAGG
TTCCTCAGAAAGGCAAAGGAGCGCATTTTTGAAGGCGATCGAGGTA
GGTTATAGATACTTTGACACTGGCGCATCATATGGGACAGAGGAGG
TTCTTGGTGAGGCTATAGACGAGGCACTTCAGTTAGGACTTATAGAA
AGCAGAGAGGAGTTATTTATTAGCTCAAATCTATGGTGTACTGACGC
CCACCCCGATAGAGTGTTACTTGCTCTACAGAACTCACTTAGGAACC
TGAAGTTGGAATACCTTGATCTATACATGATTCCTTTCCCAATAAGTT
TAAAACCAGGGAAGATAATGGAAGAGATAACCATGGACATACCGGA
AGACGAAATGTTACCGATGGACTACAAAAGCGTCTGGGCCGCTATG
GAAGAATGCCAGGATCTAGGGTTCACAAAAAGCATCGGTGTTTCTAA
CTTTAGTTGTAAGAAACTACAAGAGTTAATGGCAACCGCGAATATCC
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CCCCCGCCGTAAATCAGGTGGAGATGAGCCCCGTCTTTCAACAAAA
GAAGTTACGTGAATACTGCAAAGCAAACAACATTTTGGTTTCTGCTG
TGAGCGTTTTAGGTTCCAACGGGACAGCATGGGGAAGTAACCAAGT
GATGGGATCCGAGGTCTTGAAACAAATTGCTACAGACAGAGGAAAG
TCCGTAGCCCAGATAAGCATGCGTTGGGTCTATGAGCAGGGCGCTA
GTCTAGTAGTTAAGAGCTTCAACGAGGTGCGTATGAGAGAAAATCTT
AACATCTTCAACTGGCAATTGACCAAGGAGGATTTAGAAAAGATTTC
CGAGATCCCTCAGTGTAGAATACTGACGGGTGACTTCCTTGTGAGT
GCGAATGGCCCCTTCAAAAGCCTACAGGAACTGTGGGATGATCAAG
TC 

PbDRS V1 ATGGAATTGCAATACTTCTCCTACTTCCAACCTACCTCTTCTGTTGTT
GCTTTGTTGTTGGCATTGGTCAGTATCTTGTTTTCCGTTGTTGTTTTG
AGAAAGACCTTCTCCAACAACTATTCTTCTCCAGCTTCTTCTACTGAA
ACCGCTGTTTTGTGTCATCAAAGACAACAATCTTGCGCCTTGCCAAT
TTCTGGTTTGTTGCATGTTTTCATGAACAAGAACGGTTTGATCCATGT
TACCTTGGGTAATATGGCTGATAAGTACGGTCCAATTTTCTCTTTTCC
AACCGGTTCTCATAGAACCTTGGTTGTTTCTTCTTGGGAAATGGTCA
AAGAATGTTTCACCGGTAACAACGATACCGCCTTTTCTAATAGACCA
ATTCCATTGGCTTTCAAGACCATTTTCTATGCCTGTAGAGGTATCGAC
TCTTACGGTTTATCTTCTGTTCCATACGGTAAATATTGGAGAGAATTG
AGAAAGGTTTGCGTCCACAACTTGTTGTCCAATCAACAATTATTGAA
GTTCAGACACTTGATCATCTCCCAAGTTGATACCTCCTTCAACAAGTT
ATACGAATTGTGCAAGAACTCCGAAGATAATCAAGGTATGGTTAGAA
TGGATGATTGGTTGGCTCAATTGTCCTTCTCAGTTATTGGTAGAATC
GTTTGCGGTTTCCAATCTGATCCAAAAACTGGTGCTCCATCTAGAGT
CGAACAATTCAAAGAAGCTATTAACGAAGCCTCCTACTTCATGTCTA
CTTCTCCAGTTTCTGATAACGTTCCAATGTTGGGTTGGATCGATCAAT
TGACTGGTTTGACTAGAAACATGACCCATTGTGGTAAGAAGTTGGAT
TTGGTTGTCGAATCCATCATCAACGATCACAGACAAAAGAGAAGATT
CTCCAGAACAAAAGGTGGTGACGAAAAGGATGATGAACAAGATGAT
TTCATCGACATCTGCTTGTCCATTATGGAACAACCACAATTGCCAGG
TAACAACAATCCACCAAAAATCCCAATCAAGTCCATCGTTTTGGATAT
GATTGGTGCTGGTACTGATACCACTAAGTTGACTATTATTTGGACCTT
GTCCTTGTTGTTGAACAACCCAAATGTTTTGGCTAAGGCCAAACAAG
AAGTTGACGCTCATTTTGAAACTAAGAAGAGATCTACCAACGAAGCT
TCTGTCGTTGTTGATTTCGATGATATTGGTAACTTGGTCTACATCCAA
GCCATTATCAAAGAATCCATGAGATTATACCCAGTCTCCCCAGTTGT
TGAAAGATTGTCATCTGAAGATTGTGTTGTTGGTGGTTTTCATGTTCC
AGCTGGTACTAGATTGTGGGCTAATGTTTGGAAAATGCAAAGAGATC
CAAAGGTTTGGGATGACCCTTTGGTTTTTAGACCAGAAAGATTCTTG
TCCGACGAACAAAAAATGGTTGATGTTAGAGGTCAAAATTACGAATT
ATTGCCATTTGGTGCCGGTAGAAGAATTTGTCCAGGTGTTTCTTTCT
CCTTGGATTTGATGCAATTGGTCTTGACCAGATTGATCTTGGAATTC
GAAATGAAATCTCCATCCGATAAGGTTGATATGACTGCTACTCCAGG
TTTGATGTCTTACAAAGTTGTTCCATTGGACATCTTGTTGACCCATAG
AAGAATC 

PbDRS V2 ATGGAATTGCAATACTTCTCCTACTTCCAACCTACCTCTTCTGTTGTT
GCTTTGTTGTTGGCATTGGTCAGTATCTTGTTTTCCGTTGTTGTTTTG
AGAAAGACCTTCTCCAACAACTATTCTTCTCCAGCTTCTTCTACTGAA
ACCGCTGTTTTGTGTCATCAAAGACAACAATCTTGCGCCTTGCCAAT
TTCTGGTTTGTTGCATGTTTTCATGAACAAGAACGGTTTGATCCATGT
TACCTTGGGTAATATGGCTGATAAGTACGGTCCAATTTTCTCTTTTCC
AACCGGTTCTCATAGAACCTTGGTTGTTTCTTCTTGGGAAATGGTCA
AAGAATGTTTCACCGGTAACAACGATACCGCCTTTTCTAATAGACCA
ATTCCATTGGCTTTCAAGACCATTTTCTATGCCTGTAGAGGTATCGAC
TCTTACGGTTTATCTTCTGTTCCATACGGTAAATATTGGAGAGAATTG
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AGAAAGGTTTGCGTCCACAACTTGTTGTCCAATCAACAATTATTGAA
GTTCAGACACTTGATCATCTCCCAAGTTGATACCTCCTTCAACAAGTT
ATACGAATTGTGCAAGAACTCCGAAGATAATCAAGGTATGGTTAGAA
TGGATGATTGGTTGGCTCAATTGTCCTTCTCAGTTATTGGTAGAATC
GTTTGCGGTTTCCAATCTGATCCAAAAACTGGTGCTCCATCTAGAGT
CGAACAATTCAAAGAAGCTATTAACGAAGCCTCCTACTTCATGTCTA
CTTCTCCAGTTTCTGATAACGTTCCAATGTTGGGTTGGATCGATCAAT
TGACTGGTTTGACTAGAAACATGACCCATTGTGGTAAGAAGTTGGAT
TTGGTTGTCGAATCCATCATCAACGATCACAGACAAAAGAGAAGATT
CTCCAGAACAAAAGGTGGTGACGAAAAGGATGATGAACAAGATGAT
TTCATCGACATCTGCTTGTCCATTATGGAACAACCACAATTGCCAGG
TAACAACAATCCACCAAAAATCCCAATCAAGTCCATCGTTTTGGATAT
GATTGGTGCTGGTACTGATACCACTAAGTTGACTATTATTTGGACCTT
GTCCTTGTTGTTGAACAACCCAAATGTTTTGGCTAAGGCCAAACAAG
AAGTTGACGCTCATTTTGAAACTAAGAAGAGATCTACCAACGAAGCT
TCTGTCGTTGTTGATTTCGATGATATTGGTAACTTGGTCTACATCCAA
GCCATTATCAAAGAATCCATGAGATTATACCCAGTCTCCCCAGTTGT
TGAAAGATTGTCATCTGAAGATTGTGTTGTTGGTGGTTTTCATGTTCC
AGCTGGTACTAGATTGTGGGCTAATGTTTGGAAAATGCAAAGAGATC
CAAAGGTTTGGGATGACCCTTTGGTTTTTAGACCAGAAAGATTCTTG
TCCGACGAACAAAAAATGGTTGATGTTAGAGGTCAAAATTACGAATT
ATTGCCATTTGGTGCCGGTAGAAGAATTTGTCCAGGTGTTTCTTTCT
CCTTGGATTTGATGCAATTGGTCTTGACCAGATTGATCTTGGAATTC
GAAATGAAATCTCCATCCGATAAGGTTGATATGACTGCTACTCCAGG
TTTGATGTCTTACAAA 

PbDRS V3 ATGGAATTGCAATACTTCTCCTACTTCCAACCTACCTCTTCTGTTGTT
GCTTTGTTGTTGGCATTGGTCAGTATCTTGTTTTCCGTTGTTGTTTTG
AGAAAGACCTTCTCCAACAACTATTCTTCTCCAGCTTCTTCTACTGAA
ACCGCTGTTTTGTGTCATCAAAGACAACAATCTTGCGCCTTGCCAAT
TTCTGGTTTGTTGCATGTTTTCATGAACAAGAACGGTTTGATCCATGT
TACCTTGGGTAATATGGCTGATAAGTACGGTCCAATTTTCTCTTTTCC
AACCGGTTCTCATAGAACCTTGGTTGTTTCTTCTTGGGAAATGGTCA
AAGAATGTTTCACCGGTAACAACGATACCGCCTTTTCTAATAGACCA
ATTCCATTGGCTTTCAAGACCATTTTCTATGCCTGTAGAGGTATCGAC
TCTTACGGTTTATCTTCTGTTCCATACGGTAAATATTGGAGAGAATTG
AGAAAGGTTTGCGTCCACAACTTGTTGTCCAATCAACAATTATTGAA
GTTCAGACACTTGATCATCTCCCAAGTTGATACCTCCTTCAACAAGTT
ATACGAATTGTGCAAGAACTCCGAAGATAATCAAGGTATGGTTAGAA
TGGATGATTGGTTGGCTCAATTGTCCTTCTCAGTTATTGGTAGAATC
GTTTGCGGTTTCCAATCTGATCCAAAAACTGGTGCTCCATCTAGAGT
CGAACAATTCAAAGAAGCTATTAACGAAGCCTCCTACTTCATGTCTA
CTTCTCCAGTTTCTGATAACGTTCCAATGTTGGGTTGGATCGATCAAT
TGACTGGTTTGACTAGAAACATGACCCATTGTGGTAAGAAGTTGGAT
TTGGTTGTCGAATCCATCATCAACGATCACAGACAAAAGAGAAGATT
CTCCAGAACAAAAGGTGGTGACGAAAAGGATGATGAACAAGATGAT
TTCATCGACATCTGCTTGTCCATTATGGAACAACCACAATTGCCAGG
TAACAACAATCCACCAAAAATCCCAATCAAGTCCATCGTTTTGGATAT
GATTGGTGCTGGTACTGATACCACTAAGTTGACTATTATTTGGACCTT
GTCCTTGTTGTTGAACAACCCAAATGTTTTGGCTAAGGCCAAACAAG
AAGTTGACGCTCATTTTGAAACTAAGAAGAGATCTACCAACGAAGCT
TCTGTCGTTGTTGATTTCGATGATATTGGTAACTTGGTCTACATCCAA
GCCATTATCAAAGAATCCATGAGATTATACCCAGTCTCCCCAGTTGT
TGAAAGATTGTCATCTGAAGATTGTGTTGTTGGTGGTTTTCATGTTCC
AGCTGGTACTAGATTGTGGGCTAATGTTTGGAAAATGCAAAGAGATC
CAAAGGTTTGGGATGACCCTTTGGTTTTTAGACCAGAAAGATTCTTG
TCCGACGAACAAAAAATGGTTGATGTTAGAGGTCAAAATTACGAATT
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ATTGCCATTTGGTGCCGGTAGAAGAATTTGTCCAGGTGTTTCTTTCT
CCTTGGATTTGATGCAATTGGTCTTGACCAGATTGATCTTGGAATTC
GAAATGAAgTCTCCATCCGgTAAGGTTGATATGACTGCTACTCCAGG
TTTGATGTCTTACAAAGTTGTTCCATTGGACATCTTGTTGACCCATAG
AAGAATCAAGTCTTGCGTTCAATTGGCCTCTTCTGAAAGAGAT 

PbREPI DRS ATGGAACTACAATATTTCTCTTACTTCCAGCCCACTAGTAGTGTTGTT
GCTCTACTACTGGCTCTTGTTTCCATTTTGTTTAGCGTAGTGGTTCTG
CGTAAGACGTTCTCCAACAATTATTCAAGTCCAGCCAGTTCCACCGA
GACTGCGGTATTATGCCACCAACGTCAGCAAAGCTGCGCCTTACCG
ATTAGTGGCTTGTTGCACGTCTTCATGAATAAAAACGGACTAATACA
CGTAACCTTAGGCAACATGGCGGATAAGTATGGTCCGATATTTTCAT
TCCCAACGGGTAGCCACAGGACACTGGTGGTTTCCTCTTGGGAAAT
GGTCAAAGAATGTTTTACAGGAAATAACGACACCGCTTTCAGTAATA
GGCCAATCCCTCTAGCATTTCAGACGATTTTTTATGCGTGCGGCGGC
ATTGACTCATACGGCTTGAGCAGCGTCCCCTACGGAAAGTATTGGC
GTGAACTACGTAAAGTTTGTGTGCACAATCTATTAAGCAATCAACAG
CTATTGAAATTTAGGCATTTGATAATTTCACAAGTGGACACGTCTTTC
AACAAATTATACGAACTGTGTAAAAACAGTGAGGACAATCAGGGGAT
GGTCAGAATGGATGACTGGCTAGCACAACTGTCCTTTAATGTCATTG
GGAGAATCGTGTGCGGGTTTCAATCCGACCCGAAAACGGGCGCACC
CAGTAGGGTCGAGCAGTTCAAGGAAGTAATAAATGAGGCCTCCTAC
TTTATGTCCACGTCCCCTGTGAGCGACAATGTGCCCATGCTTGGCTG
GATCGACCAACTGACGGGCCTGACAAGAAATATGAAACATTGCGGA
AAGAAACTGGACCTGGTAGTAGAGTCTATCATAAAGGATCACCGTCA
GAAGCGTAGATTTAGCAGAACCAAAGGCGGCGACGAGAAAGACGAC
GAGCAGGATGATTTCATTGACATATGTTTGAGCATTATGGAACAGCC
GCAGTTACCCGGGAATAATTCCCCTCCCCAAATCCCAATAAAGAGCA
TAGTTTTAGACATGATTGGCGGTGGAACGGATACTACTAAGCTGACC
ACCATATGGACACTAAGTTTGTTGCTAAATAACCCCCATGTCCTAGAT
AAGGCTAAACAAGAGGTGGATGCCCATTTTAGAAAAAAAAGAAGGTC
CACCGACGATGCCGCCGCTGCAGTGGTTGATTTTGATGACATCCGT
AACTTAGTTTACATCCAGGCGATCATCAAGGAATCAATGAGGCTGTA
TCCTGCTTCTCCAGTAGTTGAGAGGTTAAGCGGAGAGGACTGCGTA
GTTGGTGGATTTCACGTGCCCGCAGGGACGCGTTTATGGGCCAACG
TTTGGAAAATGCAGAGGGACCCGAAAGTGTGGGACGATCCATTAGT
TTTTAGGCCGGAAAGATTCTTATCTGATGAGCAGAAAATGGTAGACG
TGCGTGGACAGAATTACGAGCTTTTGCCCTTTGGAGCAGGCAGGAG
GATTTGCCCCGGGGTGTCATTCAGCTTAGATTTGATGCAACTGGTTC
TAACACGTCTAATACTTGAATTTGAAATGAAGAGTCCTTCCGGAAAG
GTAGACATGACAGCGACCCCCGGTCTAATGTCCTACAAAGTCGTTC
CCTTAGAT 

PbDRR V1 TGTCTTACAAAGTTGTTCCATTGGACATCTTGTTGACCCATAGAAGAA
TCAAGTCTTGCGTTCAATTGGCCTCTTCTGAAAGAGATATGGAATCTT
CTGGTGTTCCAGTTATCACTTTGAGATCTGGTAAAGTTATGCCAGTTT
TGGGTATGGGTACTTTTGAAAAAGCTGGTAAGGGTTCCGAAAGAGAA
AGATTGGCTATTTTGAAGGCCATCGAAGTTGGTTACAGATACTTTGA
TACTGCTGCTGCTTACGAAACCGAAGAAGTTTTAGGTGAAGCTATTG
CTGAAGCCTTGCAATTGGGTTTAATCAAGTCAAGAGATGAATTATTCA
TTTCCTCCATGTTGTGGTGTACTGATGCTCATCCAGATAGAGTTTTGT
TGGCATTGCAAAACTCATTGAGAAACTTGAAGTTGGAATACGTCGAC
TTGTACATGTTGCCATTTCCAGCTTCATTGAAGCCAGGTAAGATTAC
CATGGATATCCCAGAAGAAGATATCTGCCCAATGGATTATAGATCTG
TTTGGTCTGCTATGGAAGAATGCCAAAATTTGGGTTTGACCAAGTCC
ATTGGTGTCTCTAATTTCTCCTGCAAAAAGTTGGAAGAATTGATGGCT
ACTGCTAACATTCCACCAGCTGTAAATCAAGTTGAAATGTCTCCAGC
TTTCCAACAAAAGAAGTTGAGAGAATACTGCAACGCTAACAACATTTT
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GGTTTCCGCCGTTTCTATTTTGGGTTCTAATGGTACTCCATGGGGTT
CAAATGCTGTTTTAGGTTCTGAAGTCTTGAAAAAGATTGCTATGGCC
AAGGGTAAATCCGTTGCTCAAGTTTCAATGAGATGGGTTTATGAACA
AGGTGCTTCCTTGGTTGTTAAGTCCTTTAGTGAAGAAAGATTAAGAG
AAAACTTGAACATCTTCGACTGGCAATTGACCAAAGAAGATAACGAA
AAGATCGGTGAAATCCCACAATGCAGAATTTTGTCTGCTTACTTCTTG
GTTAGTCCAAAGGGTCCATTCAAGTCTCAAGAAGAATTATGGGATGA
TAAGGCTTAA 

PbDRR V2 ATGGAATCTTCTGGTGTTCCAGTTATCACTTTGAGATCTGGTAAAGTT
ATGCCAGTTTTGGGTATGGGTACTTTTGAAAAAGCTGGTAAGGGTTC
CGAAAGAGAAAGATTGGCTATTTTGAAGGCCATCGAAGTTGGTTACA
GATACTTTGATACTGCTGCTGCTTACGAAACCGAAGAAGTTTTAGGT
GAAGCTATTGCTGAAGCCTTGCAATTGGGTTTAATCAAGTCAAGAGA
TGAATTATTCATTTCCTCCATGTTGTGGTGTACTGATGCTCATCCAGA
TAGAGTTTTGTTGGCATTGCAAAACTCATTGAGAAACTTGAAGTTGG
AATACGTCGACTTGTACATGTTGCCATTTCCAGCTTCATTGAAGCCA
GGTAAGATTACCATGGATATCCCAGAAGAAGATATCTGCCCAATGGA
TTATAGATCTGTTTGGTCTGCTATGGAAGAATGCCAAAATTTGGGTTT
GACCAAGTCCATTGGTGTCTCTAATTTCTCCTGCAAAAAGTTGGAAG
AATTGATGGCTACTGCTAACATTCCACCAGCTGTAAATCAAGTTGAA
ATGTCTCCAGCTTTCCAACAAAAGAAGTTGAGAGAATACTGCAACGC
TAACAACATTTTGGTTTCCGCCGTTTCTATTTTGGGTTCTAATGGTAC
TCCATGGGGTTCAAATGCTGTTTTAGGTTCTGAAGTCTTGAAAAAGA
TTGCTATGGCCAAGGGTAAATCCGTTGCTCAAGTTTCAATGAGATGG
GTTTATGAACAAGGTGCTTCCTTGGTTGTTAAGTCCTTTAGTGAAGAA
AGATTAAGAGAAAACTTGAACATCTTCGACTGGCAATTGACCAAAGA
AGATAACGAAAAGATCGGTGAAATCCCACAATGCAGAATTTTGTCTG
CTTACTTCTTGGTTAGTCCAAAGGGTCCATTCAAGTCTCAAGAAGAA
TTATGGGATGATAAGGCTTAA 

PbDRR V3 ATGGGTACTTTTGAAAAAGCTGGTAAGGGTTCCGAAAGAGAAAGATT
GGCTATTTTGAAGGCCATCGAAGTTGGTTACAGATACTTTGATACTG
CTGCTGCTTACGAAACCGAAGAAGTTTTAGGTGAAGCTATTGCTGAA
GCCTTGCAATTGGGTTTAATCAAGTCAAGAGATGAATTATTCATTTCC
TCCATGTTGTGGTGTACTGATGCTCATCCAGATAGAGTTTTGTTGGC
ATTGCAAAACTCATTGAGAAACTTGAAGTTGGAATACGTCGACTTGT
ACATGTTGCCATTTCCAGCTTCATTGAAGCCAGGTAAGATTACCATG
GATATCCCAGAAGAAGATATCTGCCCAATGGATTATAGATCTGTTTG
GTCTGCTATGGAAGAATGCCAAAATTTGGGTTTGACCAAGTCCATTG
GTGTCTCTAATTTCTCCTGCAAAAAGTTGGAAGAATTGATGGCTACT
GCTAACATTCCACCAGCTGTAAATCAAGTTGAAATGTCTCCAGCTTT
CCAACAAAAGAAGTTGAGAGAATACTGCAACGCTAACAACATTTTGG
TTTCCGCCGTTTCTATTTTGGGTTCTAATGGTACTCCATGGGGTTCAA
ATGCTGTTTTAGGTTCTGAAGTCTTGAAAAAGATTGCTATGGCCAAG
GGTAAATCCGTTGCTCAAGTTTCAATGAGATGGGTTTATGAACAAGG
TGCTTCCTTGGTTGTTAAGTCCTTTAGTGAAGAAAGATTAAGAGAAAA
CTTGAACATCTTCGACTGGCAATTGACCAAAGAAGATAACGAAAAGA
TCGGTGAAATCCCACAATGCAGAATTTTGTCTGCTTACTTCTTGGTTA
GTCCAAAGGGTCCATTCAAGTCTCAAGAAGAATTATGGGATGATAAG
GCTTAA 

PrDRS-PbDRR V2 

chimera 1 

ATGGAGTACAGCGATTTACAATTGTTTGGTTTCCAGCCCACAAGCGT
CGTAGCATTATTGCTGGCGTTGGTCTCCATTTTGCTAGGCGTCATTG
CGGTGTCACACCACAGGGCGAAGCCTTCTTGTGCTCTGCCCATGAT
CGGTTTATACCACGTTTTTATGAATAAGACAGGTTTAATTCATGTAAC
ACTTGGGAACATGGCAGATAAGTACGGGCCCATCTTCAGCTTCCCA
ACGGGAGGCCACAGAGCCCTGGTTGTCTCCTCTTGGGAAATGGCCA
AGGAATGTTTCACAGGTGACAACGATATCGTCTTCAGTAACCGTCCT
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ATGCCGCTATCCTTCAAGATAATATTCAACGCGGGTGGTATAGATTC
CGCCGGACTGACCCAAGTTCCTTATGGGAAGTATTGGCGTGAGTTG
AGGAAGATTTGCGTCCACAACCTTTTGAGTAATCAGCAGTTACTTAA
ATTCCGTCACTTAATAAACTCTCAGGTTGACACATCCTTTACAAAACT
ATACGAGTCTTGTAACAAGGGGAATAGTGGCATGGTGAGGATGGAC
GACTGGTTAGGAGAATTGTCATTCAACGTAATAGGACGTATAGTCTG
CGGCTTTAGGAGCGATACTGAAACCTCTGCGACAAGTAGTGCGGAA
AGGTTCACGGTAGCAATCGATGAAGCAAGTCGTTTTATGTCCATACC
AGCGGTCTCTGATACCTTCCCTTGGCTTGGTTGGATTGATCGTCTTA
CTGGTTTAATCAAGGACATGAAACACCACGCGGAAAAATTAGACCTA
GTTGTGGAGTCCATTATAGAGGACCACAGGCAAAAGAGACGTTTCTC
TCGTACGAAGAAGGGAGACGAGAATAACACAGAAGACGAGCAGGAT
GATTTCATAGACATATGTTTGTCCATCATGGAGCAACCAGAGTTACC
GGGGAACAACTATGCACGTCAAATGCCTATTAAGAGTATCATTGTTG
ATATGATTGGCGGTGCCACTGACACGACAAAACTGACAACGATATG
GACACTATCCTTATTGCTGAATAACCCCCACGTATTAGGAAAAGCAA
AGGAGGAGGTAGATGCGCATTTTGGAAAGAAGCGTAGCAGCACGAA
CGGTGAAGTAATGGTTGATTTCGACGATATCAGAAGCTTAGTGTACA
TTCAGGCTATAATAAAGGAAAGCATGAGATTATATCCCGCTTCTCCA
GTTGTGGAAAGGTTGAGCAGTGAAGACTGCGTAGTCGGCGGCTTTC
ACGTCAGTGCCGGAACGAGGCTATGGGTGAATGTGTGGAAGGTGCA
ACGTGATCCTGAAGTTTGGGATGACCCTAGTGTATTCCGTCCAGAGA
GATTCCTGAGTAACGAGCAAAAGATGGTAGATGTCAGGGGGCAGGA
TTACGAGCTACTTCCTTTTGGAGCTGGACGTCGTATTTGTCCTGGCG
TATCCTTTAGCTTGGATTTGATGCATCTAGTCTTAACCAGGTTGATCC
TGGAGTTTGAAATCAAATCCCCCGGTGGAGAGGTTGACATGACTGC
AACGCAGGGGCTTATGTCTTACAAGGTCGTGCCATTGGACATCCTG
CTAACAAGAAGAATGTTGAAGTCTTGCGTTCAATTGGCCTCTTCTGA
AAGAGATATGGAATCTTCTGGTGTTCCAGTTATCACTTTGAGATCTG
GTAAAGTTATGCCAGTTTTGGGTATGGGTACTTTTGAAAAAGCTGGT
AAGGGTTCCGAAAGAGAAAGATTGGCTATTTTGAAGGCCATCGAAGT
TGGTTACAGATACTTTGATACTGCTGCTGCTTACGAAACCGAAGAAG
TTTTAGGTGAAGCTATTGCTGAAGCCTTGCAATTGGGTTTAATCAAGT
CAAGAGATGAATTATTCATTTCCTCCATGTTGTGGTGTACTGATGCTC
ATCCAGATAGAGTTTTGTTGGCATTGCAAAACTCATTGAGAAACTTGA
AGTTGGAATACGTCGACTTGTACATGTTGCCATTTCCAGCTTCATTG
AAGCCAGGTAAGATTACCATGGATATCCCAGAAGAAGATATCTGCCC
AATGGATTATAGATCTGTTTGGTCTGCTATGGAAGAATGCCAAAATTT
GGGTTTGACCAAGTCCATTGGTGTCTCTAATTTCTCCTGCAAAAAGT
TGGAAGAATTGATGGCTACTGCTAACATTCCACCAGCTGTAAATCAA
GTTGAAATGTCTCCAGCTTTCCAACAAAAGAAGTTGAGAGAATACTG
CAACGCTAACAACATTTTGGTTTCCGCCGTTTCTATTTTGGGTTCTAA
TGGTACTCCATGGGGTTCAAATGCTGTTTTAGGTTCTGAAGTCTTGA
AAAAGATTGCTATGGCCAAGGGTAAATCCGTTGCTCAAGTTTCAATG
AGATGGGTTTATGAACAAGGTGCTTCCTTGGTTGTTAAGTCCTTTAG
TGAAGAAAGATTAAGAGAAAACTTGAACATCTTCGACTGGCAATTGA
CCAAAGAAGATAACGAAAAGATCGGTGAAATCCCACAATGCAGAATT
TTGTCTGCTTACTTCTTGGTTAGTCCAAAGGGTCCATTCAAGTCTCAA
GAAGAATTATGGGATGATAAGGCTTAA 

PrDRS-PbDRR V2 

chimera 2 

ATGGAGTACAGCGATTTACAATTGTTTGGTTTCCAGCCCACAAGCGT
CGTAGCATTATTGCTGGCGTTGGTCTCCATTTTGCTAGGCGTCATTG
CGGTGTCACACCACAGGGCGAAGCCTTCTTGTGCTCTGCCCATGAT
CGGTTTATACCACGTTTTTATGAATAAGACAGGTTTAATTCATGTAAC
ACTTGGGAACATGGCAGATAAGTACGGGCCCATCTTCAGCTTCCCA
ACGGGAGGCCACAGAGCCCTGGTTGTCTCCTCTTGGGAAATGGCCA
AGGAATGTTTCACAGGTGACAACGATATCGTCTTCAGTAACCGTCCT
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ATGCCGCTATCCTTCAAGATAATATTCAACGCGGGTGGTATAGATTC
CGCCGGACTGACCCAAGTTCCTTATGGGAAGTATTGGCGTGAGTTG
AGGAAGATTTGCGTCCACAACCTTTTGAGTAATCAGCAGTTACTTAA
ATTCCGTCACTTAATAAACTCTCAGGTTGACACATCCTTTACAAAACT
ATACGAGTCTTGTAACAAGGGGAATAGTGGCATGGTGAGGATGGAC
GACTGGTTAGGAGAATTGTCATTCAACGTAATAGGACGTATAGTCTG
CGGCTTTAGGAGCGATACTGAAACCTCTGCGACAAGTAGTGCGGAA
AGGTTCACGGTAGCAATCGATGAAGCAAGTCGTTTTATGTCCATACC
AGCGGTCTCTGATACCTTCCCTTGGCTTGGTTGGATTGATCGTCTTA
CTGGTTTAATCAAGGACATGAAACACCACGCGGAAAAATTAGACCTA
GTTGTGGAGTCCATTATAGAGGACCACAGGCAAAAGAGACGTTTCTC
TCGTACGAAGAAGGGAGACGAGAATAACACAGAAGACGAGCAGGAT
GATTTCATAGACATATGTTTGTCCATCATGGAGCAACCAGAGTTACC
GGGGAACAACTATGCACGTCAAATGCCTATTAAGAGTATCATTGTTG
ATATGATTGGCGGTGCCACTGACACGACAAAACTGACAACGATATG
GACACTATCCTTATTGCTGAATAACCCCCACGTATTAGGAAAAGCAA
AGGAGGAGGTAGATGCGCATTTTGGAAAGAAGCGTAGCAGCACGAA
CGGTGAAGTAATGGTTGATTTCGACGATATCAGAAGCTTAGTGTACA
TTCAGGCTATAATAAAGGAAAGCATGAGATTATATCCCGCTTCTCCA
GTTGTGGAAAGGTTGAGCAGTGAAGACTGCGTAGTCGGCGGCTTTC
ACGTCAGTGCCGGAACGAGGCTATGGGTGAATGTGTGGAAGGTGCA
ACGTGATCCTGAAGTTTGGGATGACCCTAGTGTATTCCGTCCAGAGA
GATTCCTGAGTAACGAGCAAAAGATGGTAGATGTCAGGGGGCAGGA
TTACGAGCTACTTCCTTTTGGAGCTGGACGTCGTATTTGTCCTGGCG
TATCCTTTAGCTTGGATTTGATGCATCTAGTCTTAACCAGGTTGATCC
TGGAGTTTGAAATCAAATCCCCCGGTGGAGAGGTTGACATGACTGC
AACGCAGGGGCTTATGTCTTACAAGGTCGTGCCATTGGACATCCTG
CTAACAAGAAGAATGTTGATGGAATCTTCTGGTGTTCCAGTTATCACT
TTGAGATCTGGTAAAGTTATGCCAGTTTTGGGTATGGGTACTTTTGA
AAAAGCTGGTAAGGGTTCCGAAAGAGAAAGATTGGCTATTTTGAAGG
CCATCGAAGTTGGTTACAGATACTTTGATACTGCTGCTGCTTACGAA
ACCGAAGAAGTTTTAGGTGAAGCTATTGCTGAAGCCTTGCAATTGGG
TTTAATCAAGTCAAGAGATGAATTATTCATTTCCTCCATGTTGTGGTG
TACTGATGCTCATCCAGATAGAGTTTTGTTGGCATTGCAAAACTCATT
GAGAAACTTGAAGTTGGAATACGTCGACTTGTACATGTTGCCATTTC
CAGCTTCATTGAAGCCAGGTAAGATTACCATGGATATCCCAGAAGAA
GATATCTGCCCAATGGATTATAGATCTGTTTGGTCTGCTATGGAAGA
ATGCCAAAATTTGGGTTTGACCAAGTCCATTGGTGTCTCTAATTTCTC
CTGCAAAAAGTTGGAAGAATTGATGGCTACTGCTAACATTCCACCAG
CTGTAAATCAAGTTGAAATGTCTCCAGCTTTCCAACAAAAGAAGTTGA
GAGAATACTGCAACGCTAACAACATTTTGGTTTCCGCCGTTTCTATTT
TGGGTTCTAATGGTACTCCATGGGGTTCAAATGCTGTTTTAGGTTCT
GAAGTCTTGAAAAAGATTGCTATGGCCAAGGGTAAATCCGTTGCTCA
AGTTTCAATGAGATGGGTTTATGAACAAGGTGCTTCCTTGGTTGTTA
AGTCCTTTAGTGAAGAAAGATTAAGAGAAAACTTGAACATCTTCGACT
GGCAATTGACCAAAGAAGATAACGAAAAGATCGGTGAAATCCCACAA
TGCAGAATTTTGTCTGCTTACTTCTTGGTTAGTCCAAAGGGTCCATTC
AAGTCTCAAGAAGAATTATGGGATGATAAGGCTTAA 

PrDRS-PbDRR V2 

chimera 3 

ATGGAGTACAGCGATTTACAATTGTTTGGTTTCCAGCCCACAAGCGT
CGTAGCATTATTGCTGGCGTTGGTCTCCATTTTGCTAGGCGTCATTG
CGGTGTCACACCACAGGGCGAAGCCTTCTTGTGCTCTGCCCATGAT
CGGTTTATACCACGTTTTTATGAATAAGACAGGTTTAATTCATGTAAC
ACTTGGGAACATGGCAGATAAGTACGGGCCCATCTTCAGCTTCCCA
ACGGGAGGCCACAGAGCCCTGGTTGTCTCCTCTTGGGAAATGGCCA
AGGAATGTTTCACAGGTGACAACGATATCGTCTTCAGTAACCGTCCT
ATGCCGCTATCCTTCAAGATAATATTCAACGCGGGTGGTATAGATTC
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CGCCGGACTGACCCAAGTTCCTTATGGGAAGTATTGGCGTGAGTTG
AGGAAGATTTGCGTCCACAACCTTTTGAGTAATCAGCAGTTACTTAA
ATTCCGTCACTTAATAAACTCTCAGGTTGACACATCCTTTACAAAACT
ATACGAGTCTTGTAACAAGGGGAATAGTGGCATGGTGAGGATGGAC
GACTGGTTAGGAGAATTGTCATTCAACGTAATAGGACGTATAGTCTG
CGGCTTTAGGAGCGATACTGAAACCTCTGCGACAAGTAGTGCGGAA
AGGTTCACGGTAGCAATCGATGAAGCAAGTCGTTTTATGTCCATACC
AGCGGTCTCTGATACCTTCCCTTGGCTTGGTTGGATTGATCGTCTTA
CTGGTTTAATCAAGGACATGAAACACCACGCGGAAAAATTAGACCTA
GTTGTGGAGTCCATTATAGAGGACCACAGGCAAAAGAGACGTTTCTC
TCGTACGAAGAAGGGAGACGAGAATAACACAGAAGACGAGCAGGAT
GATTTCATAGACATATGTTTGTCCATCATGGAGCAACCAGAGTTACC
GGGGAACAACTATGCACGTCAAATGCCTATTAAGAGTATCATTGTTG
ATATGATTGGCGGTGCCACTGACACGACAAAACTGACAACGATATG
GACACTATCCTTATTGCTGAATAACCCCCACGTATTAGGAAAAGCAA
AGGAGGAGGTAGATGCGCATTTTGGAAAGAAGCGTAGCAGCACGAA
CGGTGAAGTAATGGTTGATTTCGACGATATCAGAAGCTTAGTGTACA
TTCAGGCTATAATAAAGGAAAGCATGAGATTATATCCCGCTTCTCCA
GTTGTGGAAAGGTTGAGCAGTGAAGACTGCGTAGTCGGCGGCTTTC
ACGTCAGTGCCGGAACGAGGCTATGGGTGAATGTGTGGAAGGTGCA
ACGTGATCCTGAAGTTTGGGATGACCCTAGTGTATTCCGTCCAGAGA
GATTCCTGAGTAACGAGCAAAAGATGGTAGATGTCAGGGGGCAGGA
TTACGAGCTACTTCCTTTTGGAGCTGGACGTCGTATTTGTCCTGGCG
TATCCTTTAGCTTGGATTTGATGCATCTAGTCTTAACCAGGTTGATCC
TGGAGTTTGAAATCAAATCCCCCGGTGGAGAGGTTGACATGACTGC
AACGCAGGGGCTTATGTCTTACAAGGTCGTGCCATTGGACATCCTG
CTAACAAGAAGAATGTTGTCTTACAAAGTTGTTCCATTGGACATCTTG
TTGACCCATAGAAGAATCAAGTCTTGCGTTCAATTGGCCTCTTCTGA
AAGAGATATGGAATCTTCTGGTGTTCCAGTTATCACTTTGAGATCTG
GTAAAGTTATGCCAGTTTTGGGTATGGGTACTTTTGAAAAAGCTGGT
AAGGGTTCCGAAAGAGAAAGATTGGCTATTTTGAAGGCCATCGAAGT
TGGTTACAGATACTTTGATACTGCTGCTGCTTACGAAACCGAAGAAG
TTTTAGGTGAAGCTATTGCTGAAGCCTTGCAATTGGGTTTAATCAAGT
CAAGAGATGAATTATTCATTTCCTCCATGTTGTGGTGTACTGATGCTC
ATCCAGATAGAGTTTTGTTGGCATTGCAAAACTCATTGAGAAACTTGA
AGTTGGAATACGTCGACTTGTACATGTTGCCATTTCCAGCTTCATTG
AAGCCAGGTAAGATTACCATGGATATCCCAGAAGAAGATATCTGCCC
AATGGATTATAGATCTGTTTGGTCTGCTATGGAAGAATGCCAAAATTT
GGGTTTGACCAAGTCCATTGGTGTCTCTAATTTCTCCTGCAAAAAGT
TGGAAGAATTGATGGCTACTGCTAACATTCCACCAGCTGTAAATCAA
GTTGAAATGTCTCCAGCTTTCCAACAAAAGAAGTTGAGAGAATACTG
CAACGCTAACAACATTTTGGTTTCCGCCGTTTCTATTTTGGGTTCTAA
TGGTACTCCATGGGGTTCAAATGCTGTTTTAGGTTCTGAAGTCTTGA
AAAAGATTGCTATGGCCAAGGGTAAATCCGTTGCTCAAGTTTCAATG
AGATGGGTTTATGAACAAGGTGCTTCCTTGGTTGTTAAGTCCTTTAG
TGAAGAAAGATTAAGAGAAAACTTGAACATCTTCGACTGGCAATTGA
CCAAAGAAGATAACGAAAAGATCGGTGAAATCCCACAATGCAGAATT
TTGTCTGCTTACTTCTTGGTTAGTCCAAAGGGTCCATTCAAGTCTCAA
GAAGAATTATGGGATGATAAGGCTTAA 

BsCYP80A1 ATGGACTATATTGTTGGTTTCGTAAGTATTTCTTTAGTTGCTCTGCTT
TACTTCCTTTTGTTCAAACCTAAGCATACTAATCTACCTCCTTCTCCC
CCAGCATGGCCGATAGTAGGTCATCTGCCAGACTTGATCTCTAAAAA
CAGCCCACCATTCCTAGATTATATGTCTAACATCGCTCAGAAATATG
GTCCGTTGATTCATTTGAAGTTCGGTCTGCACTCTAGTATTTTTGCCT
CTACTAAGGAAGCAGCTATGGAGGTTCTGCAAACTAATGACAAAGTG
TTATCTGGTAGACAACCATTGCCTTGTTTTAGAATTAAGCCACATATC
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GATTATAGTATCTTGTGGTCTGACTCAAACTCTTATTGGAAAAAAGGT
AGGAAAATCTTGCATACGGAAATTTTCTCCCAGAAGATGTTGCAAGC
TCAAGAAAAGAATAGAGAAAGAGTAGCTGGTAATTTGGTTAACTTCA
TTATGACTAAAGTTGGTGATGTTGTCGAGTTGCGTAGTTGGTTGTTT
GGCTGTGCTTTGAATGTCTTGGGTCATGTTGTTTTTTCTAAGGATGTA
TTTGAATACTCCGATCAATCTGATGAGGTTGGAATGGACAAATTGAT
ACACGGTATGTTGATGACCGGAGGTGATTTTGATGTAGCTAGTTATT
TCCCTGTCCTAGCCAGATTCGATCTGCATGGGCTGAAGAGAAAAATG
GATGAACAGTTTAAGTTGTTGATAAAGATTTGGGAAGGCGAAGTATT
GGCACGTAGAGCGAATCGTAACCCTGAGCCAAAAGATATGTTGGAT
GTCCTAATTGCGAACGACTTTAACGAACACCAGATTAACGCTATGTT
TATGGAAACTTTTGGTCCAGGGTCTGATACGAATAGCAACATTATAG
AATGGGCTCTTGCTCAGTTGATTAAGAACCCAGACAAACTTGCTAAG
TTGAGGGAAGAATTAGATAGAGTTGTCGGACGTTCTAGCACCGTCAA
GGAATCCCATTTTAGCGAACTGCCGTATTTGCAGGCTTGTGTTAAAG
AGACTATGAGATTGTATCCACCCATTTCTATTATGATTCCACATAGAT
GTATGGAGACTTGCCAAGTTATGGGTTATACAATACCGAAAGGGATG
GATGTGCACGTTAATGCGCACGCTATAGGCAGAGATCCCAAGGATT
GGAAGGACCCACTGAAGTTTCAACCAGAACGTTTTTTGGATTCTGAC
ATTGAGTATAATGGTAAGCAATTTCAGTTTATTCCCTTTGGAAGCGGT
AGGAGAATTTGCCCAGGTAGACCACTTGCTGTTAGAATAATTCCATT
GGTATTAGCCTCTTTGGTTCACGCCTTCGGTTGGGAATTGCCCGATG
GAGTTCCAAATGAGAAACTAGACATGGAGGAATTGTTCACCCTTTCT
TTGTGTATGGCTAAACCGTTGAGAGTTATCCCCAAAGTGAGGATT 

NnCYP80A1 ATGGCTTTGTTGGCCCTATTTATCCTATTCCTTTTAAGCATCCTGTCA
CTTGTCCTATTCTTGAAACCGAGTAGTAAAAAGTTGCCCCCAGGACC
TTTCTCTTGGCCAATTATCGGCACACAACTGCCCAGCCCGACTATGA
AACCTAATCTTGAACTATTCAAACTGGCACAAAGATACGGCCCTCTA
ATGTTGTTTCGTTTCGGTTTCGAAAACGTGGTTGTAGCTTCCAATCAC
GTAGCCGCAATGGAAGTCCTGAAGAACCAGGACCGTGTGCTTAGCG
GCAGATTCAAAGCCAATTCAGTCAGAGTAAAAGGGTACATAGAATAT
TCAATGGTATGGGCGGATTGCACAGATTATTGGAAGATGGTCCGTAA
AATTCTGAGGACCGAGCTATTTTCAACAAAAATGTTGGACGTCCATG
CACACGTAAGGGAGGAAAAAGTTTCCGAATTGATGAAATTCTTAAGG
AGAAAGGAAGGGGAGGAGGTAAATTTCGTAGATGTTATATTTGGCTG
CATCCTGAATATGCTAGGCGCTTTGATCTACTCTAAAGATGTCTATGA
TTTTGAGGATAAAACCGACATAAACTTGGGTATGAAGGGGATGATAA
GGCAGCTTATGATACTTGCTGCGACACCCAATATCGCTGACCTATAC
CCTATCTTCTTTGACGGTTCAGACTTTCAAGGCTTGAGAAAGGAATC
TGCTGCTTGCGTTAAGAGAATGAGTGAGAGCTGGGCGGCCATAATA
AACGAGAGAAGGAAAAATAACGACCATACGAAGAATGATTTATTGCA
GGTCTTACTGGACAGCGGTTTCTCTGATCCACAAATTGACGCTATAT
TTCTAGAAACCTTCGGTCCCGGGTCTGATACTTCAGCATCTACGATT
GAATGGGCTCTAGCAGAGCTTTTACGTAACCCAGAAAAACTTGTGAA
ATTGCATGAGGAGTTGGATAGGGTAATCGGACGTAACAACACCGTC
AAGGATAGCGACTTACCCAACTTGCCTTACCTTCATGCCTGCGTCAA
GGAAACATTGAGACTGCACCCTCCAGTTCCTTTCCTTATTCCGCACA
TAGCGCTTGAAAGCTGTGAAGTAATGAATTATACTATACCCAAAGGG
AGTGAGGTACTAGTCAACCTATATGCAATCGGGCGTGACCCAACTAC
GTGGGATAACCCAAACAGCTTTCTTCCTGAGAGGTTCCTTAATAGCG
AGGTAGATTACCAAGGCAACCATTTCCAATATATACCATTTGGAGCC
GGCAGAAGGATGTGCCCCGGAATGAGCTTAGGGACTCGTGTTGTAA
GGTTGATTTTAGCTGCCTTAGTTCATACGTTCGACTGGTCCTTACCA
GGAGGGATGCACCAGGATGAGTTGGACATGGCTGACCGTTTCGGA
GTAGGGTTCCAGAAAGAAACGCCTCTGGTCGTTATCCCGACTCTTAG
GAAGtga 
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VvCYP80A1 ATGGCAACATACACGATTACGGCCGATATAAGTTTATTCTCTTTTTTG
TACCCGCTTCTTTTATTGCCCTTTCTATTAATATTTAAGCACATATTCC
TAAAGAGTCCACCTTTGCCCCCGGGTCCGTACCCATGGCCTATTATA
GGCAACCTGCTGCAAATGGGTGGCAACTTACATGTCAAGCTTGCGA
ATTTGGCTAAGAGACATGGGCCCCTAATGAGCCTTAGACTAGGAACT
CAAATAATGGTAGTTGCGAGTAGTTCCGCCGCTGCTATGGAGGTTTT
GAAAACTCATGACCGTACCCTGTCAGGCAGATATAGGTTGGAAGAG
TCTGAGTCTTATTTGCCAGATGGCGCAGTATTTAGACAGTCAAACGG
CGTGTCATGCGGAGTTGAAGGAGAAGAAGGAGATGGTATTGGAGGT
GTCTTTGGGAAGAAGGGTAGAGATGTTAGAGGAGTGTTATTAAAAGA
TCTGCTTAACGAGAATGCAGAACTAGGTGCTACCGACATCCTAGATT
TCTACCCTATTTTGGGGGGCTTAGACATACAAGGGATTCGTAAAAAA
TTGAAAGAAATATTTAGGCGTATCCCAACGACTTGGGAAGATATATTA
AAAGAACGTAGAAAGCAAAGGATACATGGAAGCTCACATGGCGATTT
CCTGGATGCCCTGCTTGAGACGGGTTTTGAAGACGATCAGATCAAC
CATGTTATCATGGAGCTGTTTTTTGCCGGCCCTGAAACGTCCTCCCT
GACCGTGGAATGGGCAATGGCCGAGCTAATTAAGAACCAGGATGCT
ATGCACAAGCTGTGTAATGAATTGACTCAGATCATCGGTGAAAGCCC
GAGGTCCAGGGATTTAGAAGATCCTTTATCATTTAAGCCCGAAAGAT
TCTTAGATTCAAAGTTAGAGTTTAAGGGAAACGATTTCGAGTACATAC
CTTTCGGAGCTGGAAGACGTATGTGCCCCGGTATGCCGCTGGCAGC
AAGACTGGTCCCTATGATCTTAGCCACGTTTGTGCGTCTTTTTGATT
GGTCAACGCCGGGTGATATGGACTTCGCAGAGATAGACATGGAAGA
ACGTTTTGTTATTACTTTGAGGAAGGAACAACCCTTAAGATTAGACTA
TTGGGGATTAGTTGAAAATGGAATCCCTGCTGCGGCTGAAGGAGTC
GTACTTATCGATGCGCAACGTAAAAACATCGACGATCAGAAGCTAAA
AGATCTAAAAACGAAAAACTACTTATTCCAGGCACTGAACAGGTCCA
TCTTGGAGACTGTACTAAAAAAAGACACGACAAAGAATATTTGGGAC
TCTCTGAAG 

Bs-MaCYP80A1 ATGGACTATATTGTTGGTTTCGTAAGTATTTCTTTAGTTGCTCTGCTT
TACTTCCTTTTGTTCAAACCTAAGCATACTAATCTACCTCCTTCTCCC
CCAGCATGGCCGATAGTAGGTCATCTGCCAGACTTGATCTCTAAAAA
CAGCCCACCATTCCTAGATTATATGTCTAACATCGCTCAGAAATATG
GTCCGTTGATTCATTTGAAGTTCGGTCTGCACTCTAGTATTTTTGCCT
CTACTAAGGAAGCAGCTATGGAGGTCTTACAGATTAACGACAAGGCT
TTGAGCGGGAGACAGCCTCTTCCCTGCTTTAGGATAAAGCCCCATAT
AGACTATTCTATCGTCTGGTCCGACTCTAATAGTTACTGGAAGAACG
GACGTAAGATACTTCACACCGAAATATTTTCCCAGAAAATGCTTCAA
GCGCAGGAAAAAAATAGGGAGAGGGTGGCAGAAAACCTGGTGAACT
TTATCCGTACAAAAGTGGGTAACGTTGTCGAACTAAGGAGCTGGCTA
TTTGGCTGTGCGCTGAATGTATTAGGCCATGTTGTATTTTCAAAGGA
TGTGTTCGGCTACTCAGATCAATCAGACGAAGTTGGTATGGATAAGC
TGATTCATGGTATGATCATGACGGGCGGAGACTTCGATGTAGCATCC
TACTTCCCGTTCTTGGCAAGATTTGATATACACGGTCTTAAAAGGAAA
ATGGATGAACAGTTTAAATTACTAATCAAGGTTTGGGAGGGAGAAGT
ATTAGCGAGGAAAGCTAACCAGAACCCCGAGCCGAAGGATATGTTA
GATGTGCTAATTGCGAATGACTTTAATGAACATCAGATAAATGCTATG
TTCTTAGAAACGTTCGGTCCAGGGAGCGATACGAGCTCAGCAACAA
TAGAATGGGCGTTGGCACAATTGATAAAAAACCCAGACAAGTTGGCA
AAACTAAGGGAAGAGCTGGACAGGGTTGTAGGAAGATCATCCACGG
TGAAGGAGAGCCACTTCTCACAGTTGCCATATCTTCAGGCTTGCGTC
AAAGAGACGATGAGACTGTATCCGTCCGTTACGATCATGATCCCACA
CCGTTGTATGGAAACGTGCCAAGTCATGGGCTATACTATTCCTAAAG
GTATTGATGTTCATGTCAATGCCCATGCGATTGGCAGGGACCCTAAG
GATTGGAAAGACCCACTTAAGTTTCAGCCTGAGAGGTTCTTAGACTC
CGATATAGAGTACAATGGGAAGCAATTCCAGTTTATTCCGTTTGGTT
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CCGGCAGAAGAATTTGCCCTGGATGGCCCCTGGCCGTTCGTACCAT
CCCGCTGGTCTTAGCGTCACTGGTCCATGCATTCGATTGGGAATTAC
CTGATGGAGTTCCCAACGAAAAGCTTGACATGGAAGAATTGTTTACC
CTAACTCTTTGCATGGCCAAGCCATTACGTGTAATCCCCAAGGTTCG
TATA 

Bs-XsCYP80A1 ATGGACTATATTGTTGGTTTCGTAAGTATTTCTTTAGTTGCTCTGCTT
TACTTCCTTTTGTTCAAACCTAAGCATACTAATCTACCTCCTTCTCCC
CCAGCATGGCCGATAGTAGGTCATCTGCCAGACTTGATCTCTAAAAA
CAGCCCACCATTCCTAGATTATATGTCTAACATCGCTCAGAAATATG
GTCCGTTGATTCATTTGAAGTTCGGTCTGCACTCTAGTATTTTTGCCT
CTACTAAGGAAGCAGCTATGGAGATCCTAAAAACTAACGATAAAGTA
TTATCAGGAAGGACCCCGTTGCCGTGCTTTTTAATCAAGCCTCATAT
TAACTATTCCCTTGTTTGGAGCGATTCAACAAGTTATTGGAAATCACT
GAGAAAAATACTACACACGGAGATATTTGCTCAAAAAATGTTACTAG
ATCAAGAAAAAAACCGTGAGAGGATGGTCGGGGATTTAGTTAACTTC
TTCCGTGCAAAAGTAGGGGACGTTGTTGAATTGAAAAGCTGGCTGTT
TGGGTTCTCATTAAACGTGCTTTCTAACGCGATATTTAGCAAGGACG
TTTTCGGCTATTCAGACAACGGGGGCAAAGTTGGTATGGACAAAATA
ATTCAGGAGATGTTTAAGGTCGGGGGGGAATTTGACGCCGCAAGTT
ATTTCTCCTGCCTAGAAAGGTTCGATCTGCACGGCTTGCGTCGTAAA
ATGAATGAATTGTTCCAATTAGCAATTAAACTTTGGGAAGGAGAAGTT
ATTATGCGTAAGGCCAACCGTAATGCGGAGCCAAAAGATATGTTAGA
TGTGCTTATTGCGAATGATTTTAACGATCATCAGATTAACGCGATATT
TGTGGAGACATTCAGTGCAGGGTCAGAAACTTCCAGTAGCACGGTT
GAATGGGCCCTAGCCGAATTAATCAAATCACCGGATAAGATGGCCA
AACTGAGGGAAGAACTAGACAGGGTCGTAGGGAGGTCCTTTACCAT
GAAGGAATCTCATATTTCTCAATTGCCCTACCTGCAAGCATGCATTAA
AGAAACCATGAGGTTACACCCTGCCGTTCCCTTAATCATACCGCACC
GTTGTATGGAGACCTGTCAGGTAATGGGCTATACCATCCCCAAGGG
TACCGATATACACGTGAATACTTATGCTATTGGAAGGGATCCGAGAG
ATTGGATCGATCCCCTAAAGTTTCTTCCAGAGAGGTTCCTGGATAGT
AATTTAGATTACAACGGGAATCACTTTCAATTCCTTCCCTTTTCCGCA
GGAAGACGTTCCTGCGTCGGTATGCCCCTGGCGGTACGTACCATTC
CACTGGTCTTAGCTTCTTTGGTACATGTGTTTGACTGGAAGTTGGCG
GAGGCCATACCTGTAGAGAAGCTGGACTCTGAGGAAACCTTTGCCA
TGACCATGTCCAAGGCTCAGCCTTTAAGAGTAATACCGAACATAAGG
CTT 

ySiCNMT2 ATGGAAGCACCCCAACGTAATCGTGCGGAAGTAACGGAGGTGATGC
GTAAGTTAGGTTTGGGGCTGATACCTGACGAGGAGCTTCGTTCACTA
ATCAGCGTGCAAGTGGAAAGGAGATTGAGATGGGGATACAAGCCTA
CCTTTGAACAGCAGCTTGCCCAGCTGGTCCAATTCGTGCATTCACTA
AAACAAATGAGTATCTCCCTAGAGGCAGAAGTTTTGGAGTCTCAAGT
GTACGAAATTCCTAATTCTTTTATGAAATTGTTGCACGGCTCCAGTAT
GAAGGCCAGCTGGTGTTTTTTCATCAACGACTCAACCACCCTAGACG
AGGCTGAGATTGCAATGTTGGAATTGTACTGCGATCGTTCCCAGATT
CGTGACGGTGATAGGGTTTTAGACCTAGGGTGTGGCTTCGGCGCCT
TGGCGACATATATCGCGAGAAAATACCCCAACTGCCAAGTTACGGG
CGTCACTAATTCAGAATTTCAAAAAGAGTTCATCGAGGAGCAATGCA
AAAAAGATAACTTAGTCAATGTAGAAGTGATTCTTGCCGACGTCACA
ACCCTTGAAATGGATAAAGAATTTGACCGTGTTATGGCTATTGGAGT
AATAGAACATATGAAGTCCTATGAACTGCTACTGAAGAAGATCTCCA
AGTGGATGAAACAAGATGGATTGCTTTTTGTGGACCATATTTGTCATA
AAGCCTTCGCTTATCATTTTGAGCCAATTGGCGAGGAGGACTGGATA
GAGGAATACATTTTCCCAGGAGGAGTTATGACAATTCCGTCCGCTGA
TCTGTTGCTGTATTTTCAGGACGATATTAGTGTTGTAAACCACTGGG
CTGTCAATGGTAAACATTATTCCCGTACTAATGAGGAATGGTTGAAG
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AGGTTAGATGGGAACGCGGACGCAGCTAGGGCCATTTTGGAAGACA
GTCTAGGGTCAAAGGAGGAGGCGATGAAGATGCTGAACTACTGGAG
GACTTTTTGCTTTTATGGAATGGAACTATGCAAATACAACAACGGTGA
AGAGTGGATGTCAGCCCACGTTTTGTTCAAAAAGAAA 

yNnOMT5 ATGGAGGAAGACATGAAAGCACAAGCGCAGGTCTGGAAACATATAT
ATGGATTTGTCGAATCCTTTACCTTAAAGTGCGCTATCGAGTTGGGT
ATCGCTGATATTTTATATGAACATGGTCAGCCGATGACGCTGAGTGA
GCTGGCTAGCAGCATACCCCTACCATCTGTCTCTCAGGACGGTCTAT
ATCGTGTACTAAGATACCTGGTTCATATGAAATTGTTTGACCTACAGG
TCGATTCAGATGGCCTGAAAAAGTATAGGTTGACGCCGGCTTCAAAA
TTGCTAGTAAAAAATCAAGAAAAGAACTTGGCCTCCTTTGTCTTGCTA
CAGCTTTACGAGATAGACACGTGGAACCATTTAAGCGCGGCTGTCG
AAGGTACTGTTACGCCATGGGAAAAATGCCATGGTGGCGTCGACTA
TATCGAATACTTTAAAAAAGACAGTGTTGCCAACCAGTTATTGTCCGA
TGCGATGACCTCCCATACATCAATGGTCACAGACGCCTTAGTGAAAG
GGTGCAAGAAAGCCCATATCTTGGACGGAGTCGGGTCACTAATCGA
TGTGGGAGGTTGTACGGGCGTTGCTGCAAGAGCTATCGCCAAGTGG
TTTCCTTCAATAAAGTGTGCCGTTTTCGATCTTCCGCATGTGGTAGC
GAACGCCCCTGAGTGTCCAGAGGTCACTCGTATAGGTGGAGATATG
TTTGTTTCTATCCCTAAGACGGATGTAGTCTTTATGAAGTCTGTGTTG
CATGACTGGGGTGATGAAGACTGCGTCAAGATCCTAAAGAAGTGCA
AGGAGGCCATTAGCGAAAAAGGTGGGAAGGCAGTGATAGTTGACAT
CGTCATGGACGTTGAATCATCTCCTAATGAATTTACAGGCGCTAGGT
TAGGCATGGAGATGGATATGCTGGTTGCAGTGGGAGGTAAAGAAAG
GAGTGAAAAAGAATGGCATAAGCTATTTAAGGAAGCTGGGTACTCCG
GATACAAAATTACTCCCATAGTCGCAATAGAAAGTATCATTGAGGTG
TTTCCCTGA 

yCt7OMT ATGGAGACGATTCTTCAAGGTCAACAGAACATTACTAAATTACTATTT
GCATTTGCGGATACGATGGCTTTAAAATGCGTAGTCGAGCTGCGTAT
CGCCGACATTATCAACAGTCATGGGCTGCCTATAAGTTTGTCAGAAA
TCGCTGCGGGCATACAATCCACCAGTTCCAGTTCTTCTCCCCCGAAT
ATAAACTACCTTTTTAGGATAATGCGTCTGCTGGTTCGTAAAGGAGTT
TTCTCAAGTCATGCGCCTAATCAAAACGAAGAAACACTGTACGGTTT
AACTAACAGCTCTAAGTGGTTGCTAAGGGACGCTAACTTTTCAATGA
CACCAATAATTCAGGCGCTGACCCATCATTGTAGTATGGATTCATTC
CATAAGCTAAATAAGTGCGTTGAAGAAGGAGGTTATGCGTTTGCCAA
AGCCAATGGTTGTGAAATATGGGAATTTGCTTCCATGAACCCGGAAT
TCAATAGACTGTTCAACTCAGCGATGGCTTCTACCTCCAAGATAGCG
GTTGACGCTATTCTAAGCGGATATAAGAATGGATTCGACGGGTTACG
TTCCTTAGTCGATGTAGGAGGCGGTACAGGAACATTGATTGGGGAG
ATAGTGAAAGCCTATCCTCACCTAACCGGGACCAATTTTGACCTACC
TCACGTAGTTGCTACAGCACCAGAACACACTGGGGTAGTTCACGTC
GGTGGGGACATGTTCGTCGAAATTCCCCACGCGGACGCAATCATTT
TGAAGTGGATTCTACATGATTGGAATGACGAGGATTGCGTGAAGATT
TTAAAGAACTGCCATAAGGCCATAGCGAATAGGGGCGTAAAAGTAAT
CATTGTCGAAATTGTGCTGCAACCGGATGGAGTTGCGCCATTAGAC
GAAACTAGGCTAATTTTCGATCTGTCAATGATAGCACATAGCTCCGG
TGGTAAAGAGCGTACAGAGACAGAATGGGAGAAGCTATTGAGGGAC
GGAGGCTTCAGCAGGCACCGTATAATCCAGATCCCGGATGTCACCA
GCATTATAGAAGCTTATCCT 
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