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Supplementary Figure S1 
 

 
 

Figure S1. Validation of individual HIP strains identified to be hypersensitive to compound 1. 

Dose response curves and IC50 values confirm hypersensitivity to compound 1 of diploid strains 

specifically haploid for translocon components compared to HO control strain in the same order as 

observed in the HIP profile shown in Fig. 2. r2 values reflect the quality of the fit to a sigmoid curve 

function. 
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Supplementary Figure S2 

 
 

Figure S2. The CWC21 gene is not linked to translocon function, but the CWC21 HIP strain in the 

deletion collection carries a background mutation in the SEC63 gene. 

(A) The CWC21 HIP strain from the yeast deletion collection, but not a freshly generated CWC21 HIP 

strain, is hypersensitive to compound 1 targeting the SEC61 translocon, but not against the Erg11 

inhibitor clotrimazole, an example of an unrelated inhibitor. (B) Sporulation and tetrad dissection of the 

CWC21 HIP strain yielded only 2 viable spores, even though CWC21 is a nonessential gene. (Further 

analysis revealed that viability is not linked to the cwc21::KanMX marker, data not shown). (C) 

Sequencing the SEC61, SEC62, and SEC63 genes in the CWC21 HIP strain revealed heterozygous 

mutations in the C-terminal part of SEC63, leading to amino acid changes and protein truncation. 
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Supplementary Figure S3 

 
 

Figure S3. Sensitivity of previously described Sec61p mutants to compounds 1 and 2. Dose-response 

curves of yeast strains expressing the indicated Sec61p point mutants described previously (Junne et al., 
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2006; Junne et al., 2007), for compounds 1 and 2. Each panel shows Sec61p wild-type and eight mutants 

tested against each compound. Replicate analyses are distinguished by squares and circles. Resulting IC50 

and r2 values are listed in Table 2. 

Table S1. DNA and Protein sequences of genes depicted 
in Fig. 1C 

Orf2 : L-pipecolate oxidase 
Orf3 : NRPS 
Orf4 : 2-hydroxyacid dehydrogenase 
Orf5 : 2-isopropylmalate synthase 

>Orf2_nt 
ATGGCCAATTCTCCTCACTCCTATATTATAGTTGGGGCCGGCGTCTTTGGCGCTTCCACGGCCCTCCATCTTATCCA
AGAACATCCTCAGGCATCCATCATTCTGCTTGACCGCGATAGCTACACTGCCCCAATTCGTGTGGCGGCGTCATGGG
ATTGGAACAAAGTCATTCGTGCCGACTACATTGACCCCCTCTATATGAAACTCGCCGTCGAAGCCCAAGAGTGTTGG
CGCACCAAGCCATTGTGGAAGCCATTCTATCATGAGAGGGGAAGGTTATGTGTTATGGCTGGTGATGGGGCGCAGCG
TGTGCGCCGCAACTATGATGATATAGCGGTCGATATGGGAGTGAGTGTCTTGAATGTGGAGGATGCGAAAACCCGAT
ACAACGGTGCATTTAAAGATGCTGTATACGACGGAGTAACAGAGGTGCTAGTAAACGAAAGGGGCGGCTGGGCAGAA
GCGAAGGAAGCACTCAGAAGCGGCATCGAAAGTGCGGTCGACCTTGGGGTGAAATACGTCGTAGCTGAGATCAGGGA
GCTGCTATTAGGCACAGAAGGGGCATGTGTAGGAGTTCGGACTAGTATGGGTGAGGAGTTGAAGGCAGACCGTATCA
TACTCTGCACAGGCCCCTACACGCCCAAATTGTTACTTGATAGTGATCCTGCTTGGACAGAGCTACATGCGGGAGAG
CGGATTTTCGCCGCCGCAGTGGCGGAAGGGTTGGCTCGCATGAAAGATGACGAGGTGTGGCTTTGTCATGGTCCAGT
TGGGAGTTCGGATGTGCCAGCAAGCCGCCCAGGCGCATCCGCGGGAAGCACTGTGGGAAGCGTTCCGCATTCCAAGG
ATAAGTTCTTGAAGTTCTGGGGGGCAAAAGTCATTGGCAATATGGTCGAGGACCTTGCAACTGGGATCCGTATTTCA
ACGCCTCCTTCCAAGCCTGACTACGATCAATTGAATGTACCGCAGTCTTTGAAGGACGACGTTTCATCAGCCGGAGA
GTACCTTTTCGGGGAGAGAGGTCGCGCCTTTCATGTTGAAAACTATAGATTATGCTGGGAAGCGGTGACGCCTAGCG
ATGACTTTATTATCTCGCCTCATCCAGCAAGTAAAGGACTCTACATAGCAACATGTGGCTCCTTTCATAGCTGGAAG
TTCCTACCCGTGATTGGGAAATATGTGTTACAAATGTTGGAGGGCCAACTAGAAGAATCTGTTGCATCTAAGTGGGC
TTGGGATCGGAAACGTCCTAGTCCTCAGTCTAGTCGAAACTGGCCCAAGTTTGAGCTCAAAGATCTCTAA 

>Orf2_translation 
MANSPHSYIIVGAGVFGASTALHLIQEHPQASIILLDRDSYTAPIRVAASWDWNKVIRADYIDPLYMKLAVEAQECW
RTKPLWKPFYHERGRLCVMAGDGAQRVRRNYDDIAVDMGVSVLNVEDAKTRYNGAFKDAVYDGVTEVLVNERGGWAE
AKEALRSGIESAVDLGVKYVVAEIRELLLGTEGACVGVRTSMGEELKADRIILCTGPYTPKLLLDSDPAWTELHAGE
RIFAAAVAEGLARMKDDEVWLCHGPVGSSDVPASRPGASAGSTVGSVPHSKDKFLKFWGAKVIGNMVEDLATGIRIS
TPPSKPDYDQLNVPQSLKDDVSSAGEYLFGERGRAFHVENYRLCWEAVTPSDDFIISPHPASKGLYIATCGSFHSWK
FLPVIGKYVLQMLEGQLEESVASKWAWDRKRPSPQSSRNWPKFELKDL* 

>Orf3_nt 
ATGGCATCAACTAACAACAAGCTCTCAGTCCGAGCTGCTACAGCATCCTTCACGACTGGAGTTGCTAACCACAACCG
CAAGAACAACAACAACAACAACAACCGTAACATTCTTTCCATGCAAGCCAGTCGCCATCTTGGCTTAGACCAAAGTA
TGATCGAGAACATCTTGCCATGTACGCCGTTCCAACGTGACGTCATGGAGCACGCTGCCAAGGATAGGCGGCGTGCT
GTCGGCCATGTCGTCTACGAGATCCCGAAGAATGTCGACATCGAGCGTTTGGCCGCCGCTTGGAAGGAGGTTGTGCG
CCAGACTCCGGCCCTGAGGACTTGCATGTTTACGTTGGAATCCGGGGACCATTTACAAGTCATACTGTCGGACAGCT
TTAAGTGGGTGTACTTGAGTGGTCTGGACATGAACGAGGCAGTCGCCGAAGAGGAAGAGGCCGCAGCCGCTGTGACT
AGGAGCCAGTGCAACCGATATGCCGTCTACGAGAACCCCAACACAAAGCAAAGACTACTCATCTGGACATTCAGCCA
CGCGCTAGTGGACACCGTTTTCCAGGAGCGCATCCTTGTAAAGGTGCTCAAAGTCTACCACGGCGGAGAAATCCAAC
ACTCTCTGGGGACAGAGTTAATAGTGAACTCCCTCGCCAAAGATCCAGAACGGATAGCCAGGTTTTGGCAGCAGCAC
TTTGACGGTCTGATCGCCTCTGCATTTCCTGCTCTACCGTCCCCCCTGACTGTGCCCCGCCCCGATGCGCACGCAGA
ACATCGCATTTCCTATCCAGGCTTGGCCCAGCAGGTATGGAACAACACGATCATTTGTCAAGCAGCGCTCGCAGTGC
TCCTTGCTCGATACACCCATACTTCGGAGGCACTTTTTGGCGTTGTGGTGGAACGGCCCCCCTTATTCAATGGTCTA
GAGCAACCACTCGATGGCCCAACGCGAACCATCGTGCCCACACGTGTGGTTTGCGATCCTCGCCAATCCGGATTAGA
TCTTATGCAAGCGATCAGTGCCCAAGATATGGCTGTACGTGAGTTTGAGCAGGCCGGTCTTCATAGCATCCGCCGTG
CTGGAGACTTTGGGTCTGCCGCTTGTGGATTTGAAACCGTCCTACTAGTCACTGCGAATAATGTGCCACAAGCGCAT
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AGTTCTAGGCTTCATCGGGCCGATACAAAATCCGATAAATTTATACCGTATACGGATCGTGCCCTTTTACTCGACTG
CCAGATGGCCGATACGTCAGCATTACTTGTCGCACGATATGACCCGAGCTTAACTGATGACCGTCAAATGGCTCGTT
TCCTGAAGCAACTCGGCTATTTAATACAGCAATTCCAGAGCCATGTGGTTAAACTGCCTATACGAGAACTCGATGTC
GTCACGCAAGAGGATCAGGCAGAGATCCAGAAGTGGAACTCGGGACTACTCCGGGCAAGTGAGTTGTGCATCCACGA
TGTGATAGAGGAGAGGGCAGCTGATACGCCATATGAACCCGCTGTGCTTGCTTGGGATGGAGGATGGACATATGCTG
AGCTGGATCGTCTGTCCTCGCGCCTTGCGGGGTATATTCAAACACATGATTTGGAATTAGGGCGGGTGGTACCATTA
TGCTTCGAGAAATCGAAATGGATCGTCGCTGCGATGCTCGCTGTGCTCAAAACTGGCCGGGCGTTCACGCTCATTGA
CCCAGCTTACCCGGCAGCGAGGATCGCCAAGATCTGTGAGCAAACATCCGCAACAGTTGCTCTCGCTTCCAAAGTTC
AATATGAGGCTATATGTACTGTCGTACCCCAGTGCATTGCGGTGGATGATGAACTTTTTCAGTCACTGCCGCATGAT
GAAGATCATTTCAGAACTATTGTGAAGCCGCAAGATCTAGCGTATATTCTCTTCACTTCTGGAAGCACAGGGGAACC
AAAAGGCAGTATGATTGAGCATCGAGGATTCACATCATGCTGCCTTGAGTTTGGTCCTAGAATGGGAATTAACAAAC
ATACACGCTCTCTTCAATTTGCCTCTTATGCTTTTGGTGCGTGTCTGGTAGAAATCTTGGCAACCCTAATGCATGGC
GGCTGCGTCTGCATTCCTTCCGAGAACGACCGGATGAACGATGTTCCAGGCTTCATCAACCGCGTAGGAGTTAATTG
GGCCGTGTTCACTCCTTCGTTTATTGGGGCTATTCAGCCAGAAAGTGTGCTTGGACTTCAAACACTGGTTTTAGGGG
GAGAACCGATGTTAGCAGAAATGAGAGACAACTGGGCCTCAAAGGTTCAGCTCATATACGTTTACGGCCAGAGTGAA
AGCTCAAGTGTGTGCAGTGTTACTGAAGTCAAACAAGACACGGCTGAGTTGAATAACATTGGCGGCGCTGTAGGCGC
CCGCTTCTGGATTACCGACCCTATTAACCCTGATCGATTAGCACCGATCGGCAGCGTTGGCGAGTTGGTTATTGAAA
GTCCTGGAATCGCACGGGGATATGTTGTTGCTCCCCCGAAGCAGAAATCCCCCTTCCTTGTTACCGCCCCTGCTTGG
TATCCCGCGAGCCAGCAGCTCGGCTCTGTCAGATTCTACAGGACCGGAGATCTCGTCCGTTACAGATCCGATGGTAC
TGTTGTGTACCTCGGGCGCCGAGATTCGCAAGTCAAAATCCGAGGACAACGGGTGGAGCTCGGCGACGTAGAAAGTC
ATTTGCGACAACAATTGCCTAGCCACGTGATGCCCGTGGTTGAAGCTGTCAGGAGATCCAACGCGTCCAACAGCACA
ACCTTGCTTGCGTTTCTGATAGGTCCGTTCTACGATGGAGAGGACACTCCCCATACTACGTCGGCAATGGATGTCTG
CATTTTAGAGACTAGTGCTGCCAAGCGGATAAAGATAAAACTGCAAGAGGTTATTCCTCAGCATTGCATTCCATCGC
ACTTTATTCGTATGAAGCATCTCCCAACCACTACAACCGGAAAGACAGACCGAAGAAGACTTCGATCCATCGGCACT
ACGCTGCTGGATGAAATGAATGTGAATGGAAGATCCTGGCCCGAAGAGAGGTTCGCTCCAACAGCCAGTGCAGAGGT
CACGCTGCAACAACTATGGTTTCGAAGTTTAAATATCGATCCCAGCTCCAACAGCCACGGTGCAAGCTTTTTCGAAT
TGGGCGGAGACTCTATTGCGGCGATCAAACTGGTGAATATGGCGAGGTCGCTTGGGATAGCGCTAGAAATAGCAGAC
ATCTTGCAGAACCCTACGCTCACCGGCCTGGCAGCTACAATCCAAGGATTGTCGACTCCACATAATCCAATTGCTCA
GACAAGATACCACGGACCCGTCGAGCAGTCGTTTGCCCAGGGCCGCTTGTGGTTCCTAGACCAGTTCAACCTTGGTG
CCTCGTGGTATCTGATGCCGCTCGCCGTGCGCCTGCGCGGGTCGCTCCATATCAATGCGCTCGCCGTTGCACTGGCT
GCTCTGGAGCAGCGGCACGAGACTCTGCGAACGACATTCCAAGAGCAGGATGGTGTAGGCGTGCAGGTCATCCAGAC
GAGCCGCACTGAGGAGTTAAGAGTGATTGATGTATCGGCCGGCGCGGATGATAGCAGATACATCCAGTTGCTACAGA
ATGAACAGACCACTCCTTTCGATCTGGCGTCTGAGCCAGGATGGAGGGTATCATTGCTACGACTGGGAGATGATGAT
CACATCCTCTCCATTGTCATGCACCACATCATCTCTGACGGCTGGTCCGTCGATATCCTATGCCGAGAGCTCGACCA
ATTCTATGCCGCAACACTCCGAGGCCAGGACCCGTTGTCACAGGTGAGCCCACTCCCGATCCAGTACCGCGACTTTG
CCGTGTGGCAAAAGCAAGACGATCAAGTTGCCGAGCACGAACGGCAGCTCGAGTACTGGACCAAGCAGCTCACCGAC
AGCTCGCCGGCCGAATTTCTAACAGACCTACCCCGGCCGGCCGTACTCTCCAGCCAAGCGGGTGTCGTGCAGCTCAC
CATCGAAGGCTTGGTGTATGAGAACCTCCGAGCATTCTGCCGAGCTCATCAAGTAACATCGTTCGCGGTGCTGCTCG
CGGCGTTCCGTGCAGCACACTACCGCCTCACGGGTGCAGAAGACGCGACTGTCGGTACGCCAATAGCCAACCGAAAC
CGTCCAGAGTTGGAAAATATGATTGGATTCTTTGTTAACACCCAGTGTATGCGTATTATCGTTGGGGAAGACGACAC
ATTTGAGGGATTGGTACGGCAGACTCGGTCTACGACAGCAGCGGCATTCGCCAACCAAGATGTGCCTTTCGAGCGCA
TTGTATCCTGCCTTCTCCCCGGCTCAAGGGACACGTCGAGGAACCCGCTGGTACAGCTCATGTTCGCCTTGCACTCT
CAACAAGACCTTGGCAAAATCCAGTTGAAGGGTCTGGCAGGGGAGCTGTTGCCTAGCGTCGCGACCACCAGGTTTGA
TGTTGAATTCCACCTGTTCCAGGAGGCTGAAAGGCTGGTAGGCAGAGTGCTATTCTCCACAGACCTGTTCGAGGCCA
CCACCATCGATGGTATGGTCGCTGTCTTCCAGGAGACTTTACGACGAGGTCTTGAGGAGCCTCAAGCGCCAATCGTG
TCCCTGCCACTGACCGATGGTGTGGCGAAGCTTCGTAATATGGGCCTCGTTGACATTGACAGGATTGAGTACCCTCG
CGAGTCTAGCGTGGTAGATGTCTTCCGCGACCAGGTGGCAGCCTGTCCTAACGCCGCAGCTGTGACAGACTCGTCGC
AGCAGCTGACATACGCTCAGCTGGACCAAAAATCTGACGAGGTTGCTAGCTGGCTGCGCCAGCAGCGTATGGCGGCC
GAGACACTGGTCGGGGTGCTGGCGCCGCGGTCGTGTCAGACGGTTGTTGCCTTTTTGGGCATCCTCAAAGCGAACCT
AGCGTATCTCCCGCTCGACATCAATGTTCCCGCAGCTCGTATAAAAACAATCCTTTCAAGCCTACCTGGGCGCAAGT
TGGTTCTTCTCGGTGCCGACGTGGCTGCTCCGGATGTTCAACTTCCGGACATGGAGCTTGTACGTATCGACGACACG
CTTGGAAACCCTGGTGCAGTTGATTCTCTTACTGTCGGAAAGCAACCCTCTGCGACAAGCCTGGCATATGTCATCTT
CACGTCGGGCTCAACCGGCGTGCCAAAGGGAATTATGGTCCCACATCGTAGCTTGGTTAACGTCGTCACCCAACGAC
CCGCATATGGCGCTGTCGCCCACATGACAAACCTCGCTTTCGATCCGTCAATATTTGAAATATGCATGGCATTACTA
AATGGATACAAGCTAGTTTGTATTGACACCATGACAGTGTTAGACGGAGTACACCTCACGTATATCTTCAAGCAGGA
GGATATCCGCGTCGCGATGATTACGCCTGCATTGCTGACCAGAGTCCTCGACCAAGCCCCTCAGGCGGTAGGCCAAC
TTGAGGCACTGTATGTCCTCGGAGACCGGTTCCCTGCCGAAGATGCAGCCAAGGCTAGAGAACTGGTGAGAACAGCC
GTGTTTAATGGCTACGGGCCAAGCGAGAACTCGATCCTGACAACCTCTTTTCACATCACCCCCGGTGTAATGTGTAC
CAACGGCGTACCTGTTGGTCGAGTGATAAACAACTCGGGCGTGTATGTCATGGATCCGCAGCAGCGTCTGGTCTCTC
TCGGTGTCATGGGCGAGCTGGTCGTGACCGGTGACGGGCTCGCACGAGGATATACCGACCCTGACCGAGACCAAGAC
CGTTTCGTACAGATCATAGTCGATGACAAGCCGATGAAGGCCTTTCGAACAGGCGACCGGGTGCGATACCGACCGAC
GGACGGTCAACTAGAGTTTTATGGCCGTATGGACAATCAGGTGAAGGTTCGAGGTCACCGTGTCGAGCCCGCAGAAA
TAGAACGCGTCCTAGTCAGACACAACGCCGTAAAAGATGCTGTTGTTTTATTGAAGCGCCACGGAGATACACAGCAG
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GATGTCGAACTTGTTGGCTTTATCACAGTAGTAGAGGACCAGAGTATGATAAGAGCTAACCAAAAGCTAACCGACCA
CGCAAGAGAATCCGCCCAGCTAGAGGAGGAAGAAGATGATGAGGTGAAGATGGCGCAGTTGGATCCGAATGTGGAGG
CAAATCTACGCTCTGTGCTTCAAGCCACTCTACCGTCGTACATGGTTCCATCGCGGATTATTGTGTTGGACCAGATG
CCGCTGAACACGAACGGCAAGGTTGACCGGCGGGTGCTAGCACGGTTGACATTGAGCGCACCAACAAACCGAGAATC
ACGCACCGTTGTCGCCCCACGGAACGAGATCGAAGTTTCGCTGTGTGAGGAGTTCGCCGACGTGCTCGGCGTCGAGA
TAAGCATCACTGATAACTTCTTCAATCTTGGAGGCCACTCCCTCATGGCCACCAAGCTCGCTGCTCGCATCAGCCGT
CGACTGGATACCCGTGTGTCCGTCAAAGATCTCTTCGACAACCCTGTCCTGGTCGATCTCGCAGCTATTATACGCCG
AGGCTCAACCCCACATAATTCAATCCCTCCGACAACGTACCACGGACCCGTCGAGCAGTCGTTTGCTCAGGGCCGCC
TATGGTTTCTAGACCAGTTCAACCTCGGTGCATCGTGGTACCTCATGCCGCTCGCCGTGCGTCTGCGCGGGTCGCTC
CACATCGACGCGCTCGCCGTTGCACTGGCTACTCTGGAGCAGCGGCACGAGACTATGCGAACGACATTCCAAGAGCA
GGATGGTGTAGGCGTGCAGGTCGTCCAGACGAGCCGCACTGAGGAGTTAAGAGTGATTGATGTATCGGCCGGCGCGG
ATGACAGTAGCTATATCCAGTTATTACAGAATGAGCAGACCACTCCTTTCGATCTGGCGTCTGAGCCAGGATGGAGG
GTATCATTGCTACGATTGGGAAATGATGATCACATCCTCTCCATTGTCATGCACCATATTATTTCTGACGGCTGGTC
TATCGATATTCTTTGCCGAGAGCTCAGCCAATTCTACGCAGCAACACTCCGAGGCCAGGACCCGTTGTCGCAGGTGA
GCCCACTCCCGATTCAGTATCGCGACTTTGCCGTGTGGCAAAAGCAAGACGATCAGGTAGCCGAGCACGAACGGCAG
CTCGAGTACTGGACCAAGCAGCTCACCGATAGCGCCCCTGCCGAACTTCTGAAAGATCTCCCCCGGCCGGCCATACT
GTCTGGCAAGGCCGGTGTCGTGCAGCTCACCATCGAGGGCTCTGTGTACGAGAGACTCCGAGCATTCTGCCGGGCTC
ACCAGGTAACATCCTTCGTGGTTCTGCTCGCGGTGTTCCGTGCAGCGCACTACCGTCTCACAGGTGCGGAGGACGCG
ACTGTTGGTACGCCAATAGCCAACCGAAACCGTCCAGAGTTGGAAAATATGATCGGCTCCTTCGTCAACACTCAGTG
TATGCGGATTACGATTGGTGATGGCGATACATTTGAGGGATTGGTGCGGCAGACCCGGTCAACGGCAACGGCCGCAT
TTGCAAACCAGGATGTCCCGTTCGAGCGTGTCGTTTCGGCCCTCTTACCCGGCTCGAGAGATATATCACGGAATCCG
CTGGTTCAGCTTATGTTCGCAGTCCACTCTCAGGAGGATCTCGGTAAAATCCAGTTATCAGGCCTGGTAGGCGAGCA
TATGATCCCTACTGTATCAACTCGCTTCGACGTTGAGTTCCACTTATTCCAGGAAGTGGGAAGGATGAGCGGTAGTG
TGCTCTTTTCCACAGACCTGTTCGAGTCTACCACCATCCGCGGCATGGTGTCTGTCTTCCAGGAAATCTTACGACGG
GGTCTTGAGGAGCCTCAAACGCCAATCGTATCCTTGCCGCTGACCGACGATCTGGCCGAGCTTCGTAGCATGGGCCT
ACTTGATATCGAGCGAACTGGGTACCCACGCGAGTCTAGCGTGGTGGATGCGTTTCGTGAGCAGGCAGGCGCCTGTC
CTGGCGCCACAGCTGTGAAGGACTCGTCGCAGCAGCTGACCTACACTCAGCTGGACCGACAATCCGACGAGGTTGCT
AGCTGGCTGCGCCAGCAGCGCATGGCTGCCGAGACACTGGTCGGGGTGCTGGCGCCGCGGTCGTGTCAGACAGTTGT
TGCCTTTTTGGGCATCCTCAAAGCGAACCTAGCGTATCTCCCGCTCGACATCAATGTTCCCGCAGCTCGTATAAAAG
CAATCCTTTCAATGGTATCAGGGCGCAAGTTGGTTCTTCTTGGCGCCGACGCGGCTGCTCCGGACGTTCAGCTTCCG
GACGTGGAGCTTGTGCGTATCGACGACATGCTTCGTAACCCTGGTGCAGTTGATTCTGATTCTCTTACTGTCGGAAA
GCAACCTTCTGCGACAAGCCTGGCATACGTCATCTTCACGTCGGGTTCAACTGGAGTGCCAAAGGGTGTTATGGCCG
AGCATCGTAGCATCTTAAGGCTCGTGAAGGAGAGTAATGTCGTATCTAGGCTGCCACGCGCACCTCGCATAGCGCAT
CTTTCAAGTATTGCCTTTGATGCCTCGACGTGGGAGATCTATTCCGCGCTACTAAACGGTGGAACGGTGATCTGTAT
CGACTACTTTACAGCCTTGGACAGTAAGGCTCTCGAGGCAGTGTTCGAACAAGAACAAATCCGTGTGGCCACACTTC
TCCCTGCTTTGCTCAAACAATGCTTAGCCAGCATACCTGCTACGATCGGGGCCTTAGAAGTACTTTACACCGGTGGA
GATCGGCTAGACAGTCGTGATGCGACCGAGGCACGAGCGCTTGTCCAGAGTGCCGTCTACAATGTGTATGGCCCTAC
CGAGAATGCGGCCATCAGTACTATTTATGCCATTGAGGAGCATGATCTATTTGTTAATGGGGTTCCTATCGGCCGTG
CCATCAGCAACTCTGGTGCCTACATCTTGGACTCATCTCAACAGCTTGTTTCTGTCGGTGTGATGGGAGAGCTTGTC
GTCACCGGAGATGGGCTTGCCAGAGGGTACACCGATCCATCGCTGGACCTGAACCGCTTCGTCCAAGTTTCTATTGA
TGGCCAGCTTGTGAGGGCATATAGGACGGGCGACCGAGCACGATACCGGCCGAAGGATGGCCAGATCGAGTTCTTTG
GACGTATGGACCAGCAGATCAAAATCCGAGGCCACCGCATCGAGCCGGCCGAGGTGGAGCATGCCATGCTCAGCCAC
AATGCAGTCAGCGACGCAGCTGTCGTCGTCCGGATGCCAGAGGGTCGAGAAAGGCAAGAGCCGGAAATGGTAGGCTT
TGTAGCCGCCCGGAGCGATGAATCTATCAACCATGCTTGGGTCAGCCAAGACGGATTGGAGCATCGAAGAAGTCGAG
AAAAAGGCTTCGCGGCGCAGACAGAAAACGAGATACAAATTCGTTTGCAGACCTTGCTTCCACCATACATGATCCCG
ACGCGTATCGTGGTGGTAGACCAGATGCCAGTCAATGCAAACGGCAAGGTTGACCGGCGGGCGCTGGCACGGTTGAC
ATTGAGCGCACCAACAGACCAAGAATCACGCACCGTTGTCGCCCCACGGAACGAGATCGAAGTTTCGCTGTGCGAGG
AATTTGCTGATGTCCTCGGTGTCGAGATAGGCATCAATGATAACTTCTTCCATCTTGGAGGCCACTCCCTCATGGCC
ACCAAGCTCGCTGCTCGCATCAGCCGTCGACTGGATACCCGCGTGTCCGTTAAAGATCTCTTCGACAACCCTGTCCT
TGTCGATCTCGCAGCCATCATCAGCCGAACCTCAACTCCACATAGTGCAATCCTTCCGACAGCGTACCACGGACCCG
TCGAGCAGTCGTTTGCTCAGGGCCGCCTATGGTTCCTAGACCAGTTCAACCTCGGTGCCTCGTGGTACCTCATGCCG
CTCGCCGTGCGCCTGCGCGGGTCGCTCCACATCGACGCGCTCGCCGTTGCACTGGCTACTCTGGAGCAGCGGCATGA
GACTCTGCGAACGACATTCGAAGAGCATGATGGTATAGGCGTGCAGGTCATCCAGACGAGCCGCACTGAGGAGTTAA
GAGTGATTGATGTATCGGCCGGCGCGGATGATAGCAGATACATCCAGTTGCTACAGAATGAACAGACCACTCCTTTC
GATCTGGCGTCTGAGCCAGGATGGAGGGTATCACTGCTACGATTTGGAGATGATGATCACATCCTCTCCATTGTCAT
GCACCACATCATCTCTGATGGCTGGTCCGTTGATATCCTATGCCGAGAGCTCAGCCAATTCTATGCCGCAACACTCC
GAGGCCAGGACCCGTTGTCACAGGTGAGCCCACTCCCGATTCAGTATCGCGACTTTGCCGTGTGGCAAAAGCAAGAC
GATCAGGTAGCCGAGCACGAACGGCAGCTCGAGTACTGGACCAAGCAGCTCACCGATAGCGCTCCTGCCGAACTTCT
GAACGATCTCCCCCGGCCGGCCATACTGTCTGGCAAGGCCGGTGTCGTGCAGCTCACCATTGAGGGCTCTGTGTACG
AGAGACTCCGAGCATTCTGCCGGGCTCACCAGGTAACATCCTTCGTGGTTCTGCTCGCGGTGTTCCGTGCAGCGCAC
TACCGTCTCACAGGTGCGGAGGACGCGACTGTTGGTACGCCAATAGCCAACCGAAACCGTCCAGAACTGGAAAGCGT
GATTGGTTTCTTTGTCAACACTCAGTGCATGCGGATTACGATTGGTGATGGCGATACATTTGAGGGATTGGTGCGGC
AGACCCGGTCAACAGCGACGGCCGCATTTGCAAACCAGGATGTCCCGTTCGAGCGTGTCGTTTCGGCCCTCTTACCC
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GGCTCGAGAGATACATCACGAAATCCGCTGGTGCAGCTTATGTTCGCAGTCCACTCTCAGGAAGATCTCGGTAAAAT
CCAGTTATCAGGTCTGGTAGGCGAGCATATGATCCCTACTGTATCAACTCGCTTCGACGTTGAGTTCCACTTATTCC
AGGAAGTGGGAAGGATGAGCGGTAGTGTGCTCTTTTCCACAGACCTATTCGAGTCCACCACCATCCGCGGCATGGTG
TCTGTCTTCCAAGAAATATTACGACGGGGTCTTGAGGAGCCTCAGACGCCAATCGTGTCCCTGCCACTTACCGATGG
TGTGGCGAAGCTTCGTAGTATGGGTCTCGTCGACATTGACAGGACTGAGTACCCACGCGAGTCTAGCGTGGTGGATG
TGTTCCGCGACCAGGTGGCTGCTTGCCCTGACGCCACAGCTGTGAAGGACTCGTCGCAGCAGCTGACCTACACTCAG
CTGGACCGACAATCCGACGAGGTTGCTAGCTGGTTGCGCCAGCAGCGTATGGCTGCCGAGACACTGGTCGGGGTGCT
AGCGCCGCGGTCGTGTCAGACAGTTGTTGCCTTTTTGGGCATCCTCAAAGCGAACCTAGCATATCTCCCGCTCGACG
TCAATGTCCCTGCAGCTCGTATTAAAACCATTCTTTCAAACGTACCAGGGCACAAGTTAGTTCTCATCGGTGTCGAC
GTGGCTGCTCCGGATCTCCAGCTTCCGGAAGTGGAGGTGGTAAGTATTGGCGACACTCTAGGCCAAGATTCTCCAGT
TGATTTTCCAGTCGCCTCCTTGCAGCCTACCACAACAAGTCTTGCATACGTCATCTTCACGTCGGGTTCAACTGGAG
TGCCAAAGGGTGTTATGGCCGAGCATCGTAGCATCTTAAGGCTTGTGAAGGAGAGTAATGTCGTATCTAGGCTGCCA
CGCGCACCTCGCATAGCGCACCTTTCTAGTATTGCCTTTGATGCCTCGACGTGGGAGATCTATTCCGCGCTACTAAA
CGGTGGAACGGTGATCTGTATCGACTACTTTACAACCTTGGACAGTAATGCTCTCGAGGCAGTATTCGAACAAGAAC
AAATCCGTGTGGCCACGCTTCTCCCTGCTTTGCTCAAACAATGCTTAGCCAGCATACCCGCTACGATCGGGGCCTTA
GAAGTACTTTACACCGGTGGAGATCGGCTAGACAGTCGTGATGCGACCGAGGCGCGAGCGCTTGTCCAGAGTGCCGT
CTACAATGTGTATGGCCCTACCGAGAATGCGGCCATCAGTACTATTTATGCCATTGAGGAGCATGATCTATTTGTTA
ATGGGGTTCCTATCGGCCGTGCCATCAGCAACTCTGGTGCCTACATCTTGGACTCATCTCAACAGCTTGTTTCTGTC
GGTGTGATGGGAGAGCTTGTCGTCACCGGAGATGGGCTTGCCAGAGGGTACACCGATCCATCGCTGGACCTGAACCG
CTTCTTCCAAGTTTCTATTGATGGCCAGCTTGTGAGGGCATATAGGACGGGCGACCGAGCACGATACCGGCCGAAGG
ATGGCCAGATCGAGTTCTTTGGACGTATGGACCAGCAGATCAAAATCCGAGGCCACCGCATCGAGCCCGCCGAGGTG
GAGCATGCCATGCTCAGCCACAATGCAGTCAGCGACGCAGCTGTTGTCGTCCGGATGCCAGATGGTCAAGAGGGTCA
AGAACGTCAAGAGCCGGAAATGGTTGGCTTTGTCGCCGCCCGGGGCGACGAATCCGTCGAGCAGGACGCGGCTACCG
GTCACGTGGAAGGTTGGGGAGACTACTTTGAAACGAATACATATGTAGATATCGAAACCATTGGCCAGACTGCCATT
GGCAGCGACTTCGTTGGCTGGACATCCATGTATGACAAGAGCGAGATTGACAAGGCTGAGATGCAGGAGTGGCTCGA
TGATACTATGCAGACACTCCTCAACGGCCAGGACCCTGTCCATGTATTTGAGATAGGCACCGGCACTGGTATGGTCC
TATTCAATCTCGGCGACGGCCTACAGAGCTACGTTGGCGTCGAACCGTCGAGGTCTGCGGCTGCCTTCGTCAACGAT
GCCATTAAGTCAATCCCTGCTCTCGCAGGCAGGGCTGAGGTACATGTCGGCACGGCCACGGATGCAGGCCGTCTGGA
TGGGCTCCATCCAGACCTGGTCGTGGTCAATTCCGTGGTCCAGTATTTCCCCACGCCGGAGTATTTGATTGAAGTCG
TCGACGCTCTGACTCGACTACCAGGCGTCAAACGTTTATTCTTTGGTGACATACGGCCCCACTCTCTTAACAAAGAC
TTCCTCGCGGCCAGGGCTCTCCATGTGCTAGGCGGAAAGGCGACTAAAGATGGAGTGCGACGGAAGATGACAGAAAT
CGAAGAGCGCGAAGAAGAGCTGCTAGTCGACCCGGCCTTTTTTACGAGCCTAGCAGGCCGGCTCCCAGGTCAAATCC
AGCATGTCGAGATTCTACCCAAAAGAATGATAGCGACGAACGAGCTTAGCTCGTACAGGTATGCTGCTGTCGTGCAC
GTGGGCGATCCCGACAAGCAAATGCAGGCTGTGCATGAGATCGATGCAGATGCTTGGATCGATTTCAAAACCTCTCA
GATGGACCGTCAGGCCCTACTCCGCCTTCTACAGAGCTCGCCAGACGCCTTGACTGTCTCCGTCAGCAACATCCCTT
ATAGCAAGACCATTGTAGAGCGACATGTTAGAATGTCGCTTGATGAAAACGATGACGATGACGACGCATTGGATAGG
ATCGCCTGGGTCTCTGCTGTCCACCATAGAGCGGATCGGTGCGCGTCGATGTCCGCAGCCGACCTCCTGCAAGTAGG
CGAAGAGACAGGCTTCCGCGTGGAGGTCAGTTGGGCGCGACAGCAGTCCCAGAACGGCGCACTTGATGCCGTCTTCC
ACCACTATACACCTGCCGCGAGTAAGCAGCGCATTATGATTAGATTCCCGACTGACGACCAGACCCGGCCAGTGGGC
TCTTTCACGAACAGGCCGCTACAGCGGCTACAGGGCCGGCGGATCGAGGGACAGATCCGTGAAAGATTGCAGGCTCT
CCTCCCGCCGTACATGATCCCGACGCGTATTGTGGTGCTAGACCAGATGCCTGTCAACGCAAGCGGCAAGATCGACC
GGCGAGAACTTACTCGAAGGGCCCAGGTTGCACCAAAAAGGAATGTAGCGTCTTCTCGCGTGGCTCCACGGAACGAG
ATAGAAGTCGTGTTGTGCGAGGAGTTTGCCGAGGTTCTTGGCGTCGAGGTCGGCATTACCGACAATTTCTTCCATCT
CGGTGGGCATTCCCTGATGGCCACACGTGTGGCGTCCAGGATTAATCGGCGGCTGAATGCGTTGATCACGGTGAGGG
ATGTTTTTGTTCGCCCGGTTGTTGCCGATCTAGCGGACCTTCTCTGCCAGTTGTTCGGAGCGACCACATACGTGCCC
ATCCCGCGCACTCAGGTCGACGGCCCGGTTGAACAGTCGTTCGCGCAAGGCCGCCTTTGGTTCCTTGACCGCTTATA
CCCGCAGTCGACCTGGTATCTCATGCCGTTTGCAACGCGAATGCGAGGGCCCCTGCACCTGGATGCTCTCAGCGCGG
CGCTTCAGGCGCTAGAGGAACGCCATGAACCGCTTCGGACCACATTTGAGCACCGCGATGGCGTAAATCTCCAAGTT
GTGCATCCATTTGCACCGAAGAAGCCGAATTTCATCCACGTGCCTGAAGGCAGTTGGAAGATTCTTACGCAAGCCTT
GCGGCAGGAGCACACTACGCCTTTCAATCTCGAGATCGAGCCTGGGTGGAGGACATCAATCTTCCGCCTAGGTGAAG
AGGACCATGTGCTCTCAATTATGATGCATCACATCATCTCTGATGGGTGGTCTGTTGATATCCTCCAACGTGAACTA
GCCGCGTTCTATGCCGCCACAATCCGGGCCCAAGACCCGCTGTCACTTGCGCGTCCTCTACCAATCCAATACCGGGA
CTTTGCCGTATGGCAGAAGCAGGAAGCGCAGAATGTTGAGCATCAACATCAACTAGATTATTGGAAACAGCAGCTGG
ACGGAAGCCAATCGGCTGAGTTGCTCTACGACAAGCCCCGGCCAGCCGTGCTATCCGGGAAGGCTGAAGTGCACGAA
ATCGTAATCAACGGCGCCCTATATCGTAATCTCCAGCAGTTTTGCAAGTCTCATCAAGTAACGCCCTTCGCAGTGCT
GCTCGCCGCATTTCGGGCGACACACTACCGCCTCACCGGAGTGGAAGATGCGACAATAGGCACGCCAATCGCGAACC
GGAACCGGCAGGAGCTGGAGGACCTCATTGGCTTCTTCGTCAATCTGCTGTGTATTCGTATTCATGTCCAGGACGAG
ACCTTTGAAGCGCTTGTGCGGCAGGTTCGGAATACGACTGCAGCAGCGTCTGCAAACCAGGACGTACCATTCGAGAT
GCTTGTTGCAGAACTTCGACCTGGCGCCCGCGACCTTTCTCGCAATCCTCTTGTCCAGATGACCTTCGCGCTTCACT
CCCAGCGGAACATCGGCTACCTTCGCTTGGATGGGTTAGAGACACAACCTCTCGGAGAAGTGGCGACGTCAAGATTT
GATCTCGAGTTCCATTTCTACGAGGAAGATGACCGCATGCGCGGCGCCGTTATATTCTCCGACGAGCTTTTCGATCC
AATGTCCATCCACTCTATGACATCGGTGTTCTTTGAAGTTCTCACCCGTGGGCTCAAGGATCCGACAGCCCGTATTG
CGACCATGCCCCTGACCGATGGCCTCTCCATGCTCACGGACATGGGACTCACGTGCATAGAGCCGACGGACTATCCA
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CGGGATTCAAGCGTGCCGGTCCTCTTCCGCCAGCAGGTGGCCATTTGCGGAGAAGCGGTAGCCGTCAAAGACGGTTC
CACCCAGTTGACATACGCAGAACTAAACCTCCAATCGGACCAGGTGGCCTGCTGGCTGGCCCAGCGAGGATTTGCTC
CCGAGACCATGATTGGTGTGCTGGCCCCGCGCTCTTGCGAGACAGTTGTGGTCTTCCTCGGAATACTCAAGGCCAAC
TTGGCATACCTGCCGCTCGATGTGAACGTGCCGCCTCGCCGACTCGAGAGCATCCTGTCCGCAGTCCATGGCCACAA
GCTCGTTCTCCTCGGCGCGGACGTCGCCCCTCCGACCACGGGGCTGAGTGACATCGAGTTCCTCGCCATTACGAAGA
TACAAGGCCAGCAAGTTGTGGGGTGGCAGGAAACTGCTGCCGCGCTCCCGATCCCTTCGCCGACGAGCCTTGCATAT
GTGATGTTCACATCAGGATCGACTGGCCAGCCGAAGGGTGTCATGATCGAGCATCGGGGCATCGTGCGACTGGTGAG
GGAAACGAATGTAATCTCACAAACAGAAGCGGCGGTTCCCGTAGCTCACGTATCCAACCTCGCCTTCGACGCGGCAA
CCTGGGAGATCTATGCGCCCCTTCTGAACGGCGGCACGGTAGTGTGTATCGATTACATGACGGTGCTGGATGCCGCC
GCCTTGGGCCAAGTATTGGCAGGAGAAAAAGTCCGGGCTGCCCTGTTTACGCCAGCTTTGTTGAAACAGTGCCTCAG
GGATGCACCTGCGGCTCTTGCCGGATTGACAACCCTCTTGGCGTCAGGAGATCGGCTGGATTCCCGTGACGCAACCC
AGGCGAGGAAGTTGTTAAACGGCGATCTTATCAATTCATGTGGACATACGGAAAACACAACATTTAGTACTATCTAC
CGTGTTCCACAAAACGAGAGCAGCGTTAATGGCGTGCCTATCGGCAGCGCGATCAGCCACTCTGGGGTGCTGGTGAT
GGACTCGCAGCAGTGTCTTGTGCCGCTCGGGGTGATGGGCGAGCTCATTCTTACGGGTGATGGGTTGGCTCGAGGGT
ACACTGACCCGGCACTAGACCGTGACCGGTTTATCACGGTAACGGTCAACGGGGGATCCGTTAAGGCATATCGCACT
GGAGACCGCGTGCGCTACCGCCCGGTGGACGGCCAGCTCGAATTTTTCGGACGCATGGACCATCAAGTTAAGATACG
TGGACATCGTGTCGAGCTGGCAGAGGTCGAGCACGCCTTGCTCCGCAACAGTTCCATCAGCGATGCCGTTGCCTTGG
TCCGAGAGCCGGACGGCGAGGAGGCGGCGCTAGTCAGCTTCGTCACCATCCTTTCCGGACAGACTCTGTTCCAGCCC
AAGCAGGGAGAGGAGAGCGGGGAAGGAGGCCAGGTGGAGGCATGGGCAGACCTTTTCAATTCTAACACCTATGCCGA
TATCAACACTATCGACACTGCCAAGCTTGGAAGAGATTTTATGGGATGGACGTCAATGTATGATGGAGAGCCGATTG
ACCGCGGCGAGATGAACGAGTGGCTGCACGACACGATCACAGCCATTCAAAGTGGTGGGCAGCCGGCCAACGTCTTT
GAAATTGGAACAGGTACCGGCATGATTCTGTTCAACCTCAGCGATGGACTTCAGAGTTATGTCGGGCTCGACCCATC
TGCATCGGCTGCCACGTGGGTTACCAAAATGTCGAAGGCAAAGCCTGGCCTGACAGAGAAGATCGATGTCCGAGTTG
GCACGGCGGCAGATGTTGGCCAACTGGGGCAGGTTAATTCTCCAGAGCTAGTTGTGATCAACTCGGTGGTGCAGTAC
TTCCCTAGTGCAGAGTACCTGTCTACCACGGTGGAACGGCTCCTTCGGTTAAATGACCTGGACCGTATCTTCGTCGG
TGATGTGCGCTCCTATCCCCTCTATCGGGACTTCGGAGCTACCAAGGGCCTGCATGTGCTCGGCGCATCGGCCACCA
AGGAAACCCTCTGCCGGCAGCTAGTGGGCATGGAAGAAGCTGAGGAGGAGTTACTCGTCGACCCGGCCTTCTTTACA
AGCCTGGCAAGCCGATTGCCCGATCTCGTTGAGCACGTTGAGATTCTGCCAAAAAAGATGAAGGCGACAAATGAGCT
GAGCTGCTACCGCTTTGCAGCAGTGATACACGCTAGACGCAAAGGCGGGCAGGCCCGGCGGATCCTCGAGGTGGCGG
AGGACGCGTGGATCGACTTCCAGGCGCATCAGCTTGACCGTGTAGGACTTGTTGGCCTCTTGCAAAACTCTCCTGCT
TCGTCTATCGTAGCTGTGAGCCACATTCCTTACAGCAAAACCGTCCTAGAACGGGATCTCGTCAATTCACTGGACAG
CGAAGCTGCGGAAGGGCCTACCGAAGTGACTGGGGACTGGCTTATGTCGATCCGCGATGCAGCTCACGCGTGCCCTG
CGTTGTCAGCTTTTGACATAGAAGAGCTGGCTCAGGAGGCCGGGTTCCGGGTGGAGGTCAGCTGGGCGCGCCAACGG
TCTCTACGGGGCGGCATGGACGCCGTCTTCCACCGTTTTCAAGGGCAGAGGCCGTTGTTTCGTTTCCCCACTGATTA
TCAAGGCTGCTCAAAGGATTCATTTACTAACCGGCCACTCCGGCGGCAGGAAACCCAGAAAGTCGAAGCCTACCTGC
GCGCCCAGCTGCTGGTCACACTGCCATCCTACATGATCCCAGCACGGATTAGTGTGCTGGACGAGATGCCCGTCAAT
GCAAACGGAAAGGTCGACCGGCGAGCTCTAGCGCAGATGGCAGTGGGGCCAGCGACAATTAGAAGTGCACGAACGAT
AGTTCCCCCGCGGAGCGACGCGGAGCGGGCTCTCTGCGAAGAGTTTGCGCACTTACTGAGCGTCGAGGTCGGTATCA
CCGACAACTTCTTCCATCTTGGAGGCCACTCCCTCATGGCCACCAGGCTTGCTGCTCGAATCAGCCGTCGACTGGAT
ACCCGTGTGTCCGTCAAAGACGTCTTCGACCACCCTGTCCTCGTTGATCTCGCAGCCATCATCCGCCGAGGCTCGAC
TCCACATAATCCAATCCCCGCAACAACGTACCGCGGACCTGTCGAGCAGTCGTTTGCTCAGGGCCGCCTATGGTTCC
TAGACCAGTTCAACCTCGGTGCATCGTGGTACCTCATGCCGCTCGCCGTGCGCCTGCGCGGGTCGCTCCATATCAAT
GCGCTCGCCATCGCATTGGCTGCTCTGGAGCAGCGGCATGAGACTTTGCGAACGACATTCGAAGAGCACGATGGTGT
AGGCGTGCAACTCATTCAGACGAGCCGCACTAAAGAGCTGAGGATAATTGATGCATCGGCCGGCGCGGATGACAGCA
ACTACATCCAGTCGCTACACAATGAACAGACAACTCCTTTCGATCTGGCGTCTGAGCCAGGATGGAGGGTATCATTA
CTACGATTAGGAGGTGATGATCACATCCTCTCCATTGTCATGCACCACATCATCTCCGACGGCTGGTCCGTCGATAT
CTTGTGCCGAGAGCTCGGCCAATTCTATGCCGCAGCACTCCGCGGCCAGGACCCGTTGTCGCAGATGAGCCCGCTCC
CAATCCAGTACCGCGACTTTGCCGTGTGGCAAAAGCAAGATGATCAAGTTGCCGAGCACGAACGGCAGCTCGAGTAC
TGGATCAAGCAACTCGCCGACAGTGCTCCTGCCGAACTTCTGAACGATCTCCCCCGGCCAGCCGTACTGTCCGGCAA
GGCCGGTGTCGTGCAGCTCACCATCGAGGGCTCTGTATATGAGAGACTCCGAGCATTCTGCCGAGCTCACCAGGTAA
CATCCTTCGTGGTCTTACTCGCGGCATTCCGTGCGGCACACTACCGTCTCACGGGTGCGGAAGATGCGACTGTCGGT
ACGCCGATCGCCAACCGAAACCGTCCAGAGCTGGAAAGCATGATTGGATTCTTCGTTAACACTCAGTGTATGCGGAT
TACCGTCGGAGACGATGATTCATTTGAGGGATTAGTGTTGCAGACCCGGTCAACAGCGACAGCCGCATTTGCAAACC
AAGATGTCCCGTTCGAGCGTGTCGTGTCAGCCCTCTTACCTGGCTCGAGAGACACATCGAGGAACCCGCTGGTGCAG
CTCATGTTCGCCTTGCACTCTCAACAGGACCTTGGCAGTATTCAGCTGCAGGGTTTGGCAGGGGAGCTGTTGCCCAG
CGTCGCGACCACCAGGTTTGATGTTGAATTCCACCTGTTCCAGGAGGCTGAACGGCTAGTCGGCAGCGTGCTCTTTT
CTACAGACCTATTCGAGTCCAACACCATCCACGGCGTGGTATCTGTCTTCCAGGAAGTTTTACGTCGTGGTCTAGAG
GATCCCCAGACGCCAATCGTGTCCCTGCCGCTTACCGACGGTCTGGCCGAGCTTCGTAGCATGGGTCTCGTCGATAT
CGAGAGGACCGAGTACCCTCGCGAGTCTAGCGTAGTAGATGTCTTCCGCGACCAGGTGGCCGCCTGTCCTGACGCTA
CAGCTGTGATAGACTCGTCGCAGCAGCTGACTTACGCTCAGCTGGACCGAAAATCTGACGAGGTCGCTGGCTGGCTG
CGCCAGCAGCGCATGGCTGCCGAGACACTGATCGCTGTGCTGGCGCCGCGGTCGTGTCAGACGGTCGTTGCCTTTTT
GGGTATCCTCAAAGCGAATCTAGCATATCTCCCGCTCGACGTCAATATTCCCGCAGCTCGTATAAAAACAATCCTGT
CAAACCTACCAGGGCGCAAGTTAGTTCTTCTTGGCGCCGACGTGGCTGCTCCGGATGTTCAGCTTCCGGACGTGGAG

Journal of Cell Science | Supplementary Material



	   9	  

CTTGTACGTATCGACGACACGCTTGGTAACCCTGGTGCAGTTGATTCTCTTACTGATGGAAAGCAACCCTCTGCGAC
AAGCCTGGCATATGTCATCTTCACGTCGGGTTCAACCGGCGTGCCAAAGGGAATTATGGTCCCACATCGTAGCTTGG
TTAACGTCGTCACCCAACGACCCGCATATGGCGCTGTCGCCCACATGACAAACCTCGCTTTCGATCCGTCAATATTT
GAAATATGCATGGCCTTATTGAACGGATACAAGCTAGTTTGTATTGACACCATGACAGTGTTAGATGCGGTACACCT
CACACATATCTTCAAGCAGGAGGATATCCGCGTCGCGATGATCACGCCTGCATTGCTGACCAGAGTCCTCGACCAAG
CCCCTCAGGCGGTAGGCCAACTTGAGGCACTGTATGTCCTCGGAGACCGGTTCCCTGCCGAAGATGCAGCCAAGGCT
AGAGAACTGGTGAGAACAGCCGTGTTTAATGGCTACGGGCCAAGCGAGAACTCGATCCTGACAACCTCTTTTCACAT
CACCCCCGGTGTAATGTGTACCAACGGCGTACCTGTTGGTCGAGTGATAAACAACTCGGGCGTGTATGTCATGGATC
CGCAGCAGCGTCTGGTCTCTCTCGGTGTCATGGGCGAGCTGGTCGTGACCGGTGACGGGCTCGCACGAGGATACACC
GACCCTGACCGAGACCAAGACCGTTTCGTACAGATCATAGTAGATGACAAGCCGATGAAGGCTTTTCGAACAGGCGA
CCGGGTGCGATACCGACCGACGGACGGTCAACTAGAGTTTTATGGCCGTATGGACAATCAGGTGAAGGTTCGAGGTC
ACCGTGTCGAGCCCGCAGAAATAGAACGCGTCCTAGTCAGACACAACGCCGTAAAAGATGCTGTTGTTTTATTGAAG
CGCCACGGAGATATACAGCAGGATGTCGAACTTGTTGGCTTTATCACAGTAGTAGAGAACCAGAGTATGATAAGAGC
TAACCAAAAGCTAACCGACCACGTAAGAGAATCCGCCCAGCTAGAGGAGGAAGATGATGAGGCGAAGATGGCGCAGC
TGGATCCGAATGTTGAGGCAAATCTACGCTCTGTGCTTCAAGCCACTCTACCGTCGTACATGGTTCCATCGCGGATT
ATTGTGTTGGACCAGATGCCGCTGAACACGAACGGCAAGGTTGACCGGCGGGCACTGGCACGGCTGACATTGAGCGC
GACAACAGACCGAGAATCACGCACCGTTGTCGCCCCCCGTAATGAGATCGAAGTTTCACTGTGCGAGGAATTTGCTG
ATGTCCTCGGTGTCGAGATAGGCATCACTGACAACTTCTTCAATCTTGGAGGCCACTCCCTCATGGCCACCAAGCTC
GCTGCTCGCATCAGCCGTCGACTGGATACCCGTGTGTCCGTCAAAGACGTCTTCGACCACCCTGTCCTCGTCGATCT
TGCAGCCATCATCCGCCGAGGCTCGACTCCACATAGTGCAATCTTTCCGACGGCGTACCACGGACCCGTCGAGCAGT
CGTTTGCTCAGGGCCGCCTATGGTTTCTAGACCAGTTCAACCTCGGTGCATCGTGGTATCTCATGCCGCTCGCCGTG
CGTCTGCGAGGGTCGCTACATATCGACGCGCTAACCACCGCACTGGCAGCTCTGGAGCAGCGGCACGAGACTTTGCG
AACAACATTCGAAGAGCACGATGGTGTGGGCGTGCAGCTAATCCAGACGAGCCGCACTAAGGAGCTGAGGATAATTG
ATGTATCGGCCGGCGCGGATGACAGTAACTACATCCAGTTGCTACAGAATGAGCAGACCACTCCTTTCGATCTGGCG
TCTGAGCCAGGATGGAGGGTCTCGTTGCTACGATTGGGAAATGATGATCACATCCTCTCCATTGTCATGCATCATAT
CATCTCCGACGGCTGGTCTATTGATATCTTATGTCAAGAGCTGGGAAAGTTCTATGCCATAGCACTCCGCGGCCAGG
ACCCGTTGTCGCAGATGAGCCCGCTCCCGATTCAGTACCGCGACTTTGCCGTGTGGCAAAAGCAAGCCGATCAAATA
GCCGAGCACGAACGGCAGCTCGAGTACTGGACCAAGCAACTTGCCGACAGCGCTCCTGCCGAACTTCTAACCGATCT
CCCCCGGCCGGCCGTACTGTCCGGCAAGGCCGGTGTCGTCCAGCTCACCATCGAGGGCTCTGTGTACGAGAGACTCC
GAGCATTCTGCCGAGCTCACCAGGTAACATCCTTCGTGGTCTTACTCGCGGCATTCCGTGCAGCGCACTACCGTCTC
ACGGGTGCGGAAGATGCGACTGTTGGTACGCCGATCGCCAACCGAAACCGTCCAGAGTTGGAGAGCATGATTGGATT
CTTCGTTAACACTCAGTGTATGCGGATTACCGTTGGAGATGACGATACATTCGAGGGGCTAGTTCTGCAGACCCGGT
CAACAGCGACAGCCGCATTTGCCAACCAGGATGTCCCGTTCGAGCGCGTCGTTTCAGCCCTCTTACCAGGCTCGAGA
GACACATCGAGGAACCCACTGGTGCAGCTCATGTTTGCCCTGCACTCTCAGGAAGATCTAGGCAAGATTCAGCTAGA
CGATCTGGTAGGTGAGCCTATACCAGCCGCAGTGACCAGCCGTTTCGACTTAGAGTTCCATCTATTTCAGCAAACCG
GAAGGCTAGGGGGCAACGTACTCTTTGCCGCAGACCTGTTCGAGCCTGAGACTATCCACGGCATGGTGTCTGTGTTC
CAGGAAATCTTACGTCGTGGTCTAGAGGATCCCCAGACGCCAATCGTGTCCCTACCGCTTACCGACGGTCTGGCCGA
GCTTCGTAGCATGGGCCTCGTCGATATCGAGAGGACCGAGTACCCTCGCGAGTCCAGCGTGGTTGATGTCTTCCGCG
ACCAGGTGGCCGCCTGTCCTGACGCCACAGCTGTGAAGGACTCGTCGCAGCAGCTGACCTACACTCAGCTGGACCGA
CAATCTGACGAGGTTGCTAGCTGGCTGCGCCAGCAGCGCATGGCTGCCGAGACACTGGTCGGGGTGCTAGCGCCGCG
GTCGTGTCAGACAGTTGTTGCCTTTTTGGGCATCCTCAAAGCGAACCTAGCGTATCTCCCGCTCGACATCAATGTTC
CCGCAGCTCGTATAAAGGCAATCCTTTCGAACGTACCAGGGGACAAACTGATTCTTCTCGGCGCCGACGTGGCTGTT
CCCGATATTCAGCTTCCCAACGTGGAGCTAGTACGTATCAAAAACACGCTGGGCAATCCTGATGCGTTTGATTCTCT
TACTGTCGGAAAGCAACCTTCTGCAACAAGCTTAGCATACGTCATCTTTACGTCAGGTTCAACGGGCGTGCCAAAGG
GTGTTATGGCCGAGCATCGTAGCATCTTAAGGCTTGTGAAGGAGAGTAATGTCGTATCTAGGCTACCACGAGCACCT
CGCATAGCGCATCTTTCAAGTATTGCCTTTGATGCCTCGACGTGGGAGATTTATTCCGCCCTCCTGACCGGTGGAAC
GGTGATCTGTATCGACTACTTTACAACCTTGGACAGCAAGGCTCTCGAGGCAGTGTTCGAACAAGAACAAATCCGTG
TGGCCACACTTCTCCCTGCTTTGCTCAAACAGTGCATAGCCAGCATACCTGCTACGATTGCGGCCTTAGAAGTACTC
TATACAGGTGGAGATCGGCTAGACAGTCGTGATGCGGCCGAGGCGCGAGCGCTTGTCCAGAGTGCCGTCTACAATGT
GTATGGCCCTACCGAAAATGCGGCCATCAGTACTATTTATGCCATTAAGGAGCATGATCTATTTGTTAATGGGGTTC
CTATCGGCCGTGCCATCAGCAACTCTGGTGCCTACATCTTGGACTCATCTCAACAGCTTATCTCTGTTGGTGTGATG
GGAGAGCTTGTTGTCACCGGAGATGGGCTTGCCAGAGGGTACACCGATCCATCGCTGGACCTGAACCGCTTCGTCCA
GGTCTCTATTGACGGCCAGCTTGTGAGGGCGTATAGGACGGGCGACCGAGCACGATACCGGCCGAAGGATGGCCAGA
TCGAGTTCTTTGGACGTATGGACCAGCAGATCAAAATCCGAGGCCACCGCATCGAGCCGGCCGAGGTGGAGCATGCC
ATGCTCAGCCACGATGCGGTCAGCGACGCAGCTGTCGTCGTCCGAATGCCAGACGGTCAAGAACCGGAAATGGTTGG
CTTTGTCGCCGCCCGGGGCGACGAATCCGTCGAGCAGGACGCGGCTACCGGTCACGTGGAAGGTTGGGGAGACTACT
TTGAAACGAATACATATGTAGATATCGAAACCATTGGCCAGACTGCCATTGGCAGCGACTTCGTTGGCTGGACATCC
ATGTATGACAAGAGCGAGATTGACAAGGCTGAGATGCAGGAGTGGCTCGATGATACTATGCAGACACTCCTCAACGG
TCAGGACCCTGTCCATGTATTTGAGATAGGCACCGGCACTGGTATGGTCCTATTCAATCTCGGCGACGGCCTACAGA
GCTACGTTGGCGTCGAACCGTCGAGGTCTGCGGCTGCCTTCGTCAACGATGCCATTAAGTCAATCCCTGCTCTCGCA
GGCAGGGCTGAGGTACATGTCGGCACGGCCACGGATGCAGGCCGTCTAGATGGGCTCCATCCAGACCTGGTCGTGGT
CAATTCTGTGGTCCAGTACTTCCCCACGCCGGAGTATTTTATCGAAGTCGTCAACACGCTCACTCGACTCCCAGGAG
TTAAGCGTCTATTCTTTGGTGACATACGGCCCCACTCTCTTAACAAAGACTTCCTCGCGGCCAGGGCTCTCCATGTG
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CTAGGCGGAAAGGCGACTAAAGATGGAGTGCGACGGAAGATGGCAGAAATCGAAGAGCGCGAAGAGGAGCTGCTAGT
CGACCCGGCCTATTTCACGAGCCTAGCAGGCCGGCTCCCAGGTCAAATCCAGCATGTCGAGATTCTACCCAAAAGAA
TGATAGCGACGAACGAGCTTAGCTCGTACCGGTATGCTGCTGTCGTGCATGTGGGCGATCCCGACAAGCAAGTGCAG
GCTGTGCATGAGATCGATGCAGATGCTTGGATCGATTTCAAAACCTCTCAGATGGACCGTCAGGCCCTACTCCGCCT
TCTACAGAGCTCGCCAGACGCCTTGACTGTCTCCGTCAGCAACATCCCTTATAGCAAGACCATTGTAGAGCGACATG
TTAGGATGTCGCTTGATGAAAACGATGACGATGACGACGCAATGGATGAGGTGGCCTGGGTCTCTGCTGTCCACCAT
AGAGCGGATCGGTGCGCGTCGATGTCCGCAACCGACCTCCTGCAAGTAGGCGAAGAGACAGGCTTCAGCGTGGAGGT
CAGTTGGGCGCGACAGCAGTCCCAGAACGGCGCACTTGATGCCGTCTTCCACCACTATACACCTGCCGCGAGTGGGC
AGCGCGTTATGATTAAATTCCCGACTGACGACCAGACCCGGCCAGTAGGCTCTTTCACGAACCGGCCGCTACAGCGG
CTACAGGGCCGGCGGATCGAGGGACAGATCCGTGAAAGACTGCGGGCTCTCCTCCCACCGTACATGATCCCGACGCG
TATTGTGGTGCTAGACCAGATGCCTGTCAACGCAAGCGGCAAGGTCGACCGGCGAGAACTTGCTCGAAGGGCCCAGG
TTGCACCAATAAGGAATGTGGCGTCTTCTCGCGTGGCTCCACGGAACGAGATAGAAGTCGTGTTGTGTGAGGAGTTT
GCCGATGTCCTCGGCGTCGAGATCGGCATTACCGACAATTTCTTTCATCTCGGGGGGCACTCCCTTATGGCCACCAA
GCTCGCTGCTCGCATCAGCCGCCGACTGGATACCCGCGTGTCCGTGAAAGGTATTTTCGACCACCCTGTCCTCGTTG
ATCTCGCAGCCATCATCCGCCGAGGCTCGACCCCACATAACCCAATCCCCCCAACAGCGTACCGCGGACCTTTCGAG
CAGTCGTTTGCTCAGGGACGCCTATGGTTCCTAGACCAGCTCAACCTCGATGCATCGTGGTACCTCATGCCGCTCGC
CGTGCGTCTGCGAGGGTCGCTACACATCAATGCACTTGCCGTCGCACTGGCTACTGTGGAGCAGCGTCATGAGTCCT
TGCGAACAACATTCGAAGAGCACGATGGTGTAGGCGTGCAGCTAATCCAGACGAGCCGCACTAAGGAGCTGAGGATA
ATTGATGTCACGGCCGGCGCAGATGATAGTAACTACATCCAGTCGCTGCAGATTGAGCAGACCACTCCTTTCGATCT
GGCGTCTGAGCCAGGATGGAGGGTCTCGTTACTACGATTGGGAGATGATGATCATATACTCTCCATTGTCATGCACC
ACATCATCTCCGACGGCTGGTCCATCGATATCCTTTGCCAAGAGCTAGGGAAGTTCTATGCCGCAGCACTCCGCGGC
CAGGACCCGTTGTCGCAAGTGACCCCGCTCCCGATTCAGTACCGCGACTTTGCCGTGTGGCAGAAGCAGGCCGAGCA
AGCAGTCGAGCACGAACGGCAGCTCGAGTACTGGACCAAGCAACTCGCTGACAGCGCTCCTGCCGAACTTCTAACCG
ATCTCCCCCGGCCGGCCGTACTGTCCGGCAAGGCCGGTGTCGTCCAGCTCACCATCGAGGGCGCTGTGTACGAGAGA
CTCCGAGCATTCTGCCGAGCTCACCAGGTAACATCCTTCGTGGTCTTACTCGCGGCATTCCGTGCAGCGCACTACCG
TCTCACGGGTGCGGAAGATGCGACTGTTGGTACGCCGATCGCCAACCGAAACCGTCCAGAGTTGGAGAGCATGATTG
GATTCTTCGTTAACACTCAGTGTATGCGGATTACCGTTGGAGATGACGATACATTCGAGGGGCTAGTTCTGCAGACC
CGGTCAACAGCGACAGCCGCATTTGCCAACCAGGATGTCCCGTTCGAGCGCGTCGTTTCAGCCCTCTTACCAGGCTC
GAGAGACACATCGAGGAACCCACTGGTGCAGCTCATGTTTGCCCTGCACTCTCAGGAAGATCTAGGCAAGATTCAGC
TAGACGATCTGGTAGGTGAGCCTATACCAGCCGCAGTGACCAGCCGTTTCGACTTAGAGTTCCACCTGTCCCAGCAG
ACCGGAAGACTAGGGGGCAACGTACTCTTTGCCACAGACCTGTTTGAGCCTGAGACTATCCACGGCATGGTGTCTGT
ATTCCAGGAAATCTTACGTCGGGGTCTAGAGGATCCCCAGACGCCAATCGTGTCCCTGCCGCTTACCGACGGTCTGG
CCGAGCTTCGTAGCATGGGTCTCGTTGATATCGAGAGGACCGAGTACCCTCGCGAGTCCAGCGTGGTTGATGTCTTC
CGCGGCCAGGTGGCCATCTGTCCTGACGCCACAGCTGTGATAGACTCGTCGCAGCAGCTGACTTATGCTGAGCTTGA
CCGACAATCCGACGAGGTTGCTAGCTGGCTGCGCCAGCAGCGTATGGCGGCCGAGACACTGATCGGGGTGCTGGCCC
CGCGGTCGTGTCAGACGGTTGTTGCCTTTTTGGGCATCCTCAAAGCAAATCTAGCGTATCTCCCGCTCGACGTCAAT
GTTCCAGCGGCTCGTATCGAAGCGATCCTGTCAAACGTACCAGGGCACAAACTGGTTCTTCTCGGTGCCAATGTGGC
TGCCCCGGATATTCAACTTCCGAACATAGAGCTGGTACGTATCAGCGACACGCTAGGCAACGATAATGTAGTTGACC
TCACGGACCCCGCTGTGCAGCCTTTGGCAACAAGCCTTGCATATGTCATCTTCACGTCTGGGTCGACTGGCATACCC
AAAGGCGTAATGTGCGAGCATCGTAATATCCTACGGCTTGTGAAGCAAAATACCATCATTGCTAAGCTCCCAGGGGC
AGTTCGTGTTGCGCACCTGACCAACATTGCCTTCGATGTATCAGTGTGGGAGGTTTTTGCAACGCTATTGAATGGGG
GAACACTCGTTTGTATTAACTATTTTACCACCTTGGACAGCAAAGCTCTTGCGGATGTATTTGAACGAGAAAAGATC
CACATGGCCACACTTCCCCCAGCCTTACTAAAACAGTGCTTAGTTGACAATCCTGCTATGCTTAGCTCCCTACATGT
TCTTTTGGCAGCCGGAGACCGATTCGATAGCCGCGATGCAATCGAAGCGAAAGCTCTGGTCGGAGCTGATGTCTATA
ACGCATACGGACCCACTGAGAACGGGATTCTTAGCACTTTATATAATGTCGGGGAGAATGAGAAACATGCAAATGGT
GTCCCTATCGGTCGCGCTGTCAGGAATTCCGGCGCTTACATTATGGACTCACGCCAGCAACTCGTATCTTCTGGAGT
AGTGGGAGAGCTTGTCGTCACAGGAGACGGGCTTGCTAGAGGGTACACTGATCCATCGCAGGACCTAGACCGCTTCG
TTCAGGTCTCCATCGACGGCCAGCTCGTGAGGGCATACAGGACGGGCGACCGCGCGCGATATCGGCCGAAGGATGGC
CAGATCGAGTTCTTTGGGCGCATGGACCGGCAGATCAAGATCCGAGGCCACCGCATCGAGCCCGCCGAGGTGGAGAA
TGCCATGCTCAGTCACGATGCGGTCCGCGATGCAGCTGTGGTCGTCCGGATGCCGGAGGGCCAAGAGAGTCAAGAGC
CGGAAATGGTCGGTTTTGTTGCCGCACGGGGCGACGGATCTGTCAATCAGGCTTGGGTCAACCTAGACCAAACTGGG
CACCGAAAACGTCGAGAAGAAAGATTCGCAGCGCAGACAGAGAGCGAGGTTCGAATTAGTCTGCAGGCATTGCTTCC
ACCATTTATGATCCCGACGCGTATCGTGGTGCTAGACCAGATGCCTGTCAACGCAAACGGCAAGGTCGACCGGCGAG
AACTTGCTCGATGGGCCCAGGTTGCGCCAAAAAGGAATGTATCGTCTTCTCGCGTGGCTCCACGCAACGAGGTAGAA
GTCGTGTTGTGCGAGGAATTTGTTGATGTCCTCGGCGTCGAGATAGGCATCACTGATAACTTCTTCAATCTCGGAGG
ACATTCCCTCATGGCCACCAAGCTCGCTGCTCGCATCAGCCGTCGACTGGATACCCGTGTGTCCGTCAAAGACGTCT
TTGACCACCCTGTCCTCGTCGATCTTGCAGCCATCATCCGCCGAGGCTCGACCCCACATAACCCAATCCCCCCAACA
GCGTACCGCGGACCTGTCGAGCAGTCGTTTGCCCAGGGCCGCCTATGGTTCTTAGACCAGCTCAACCTCGGTGCATC
GTGGTATCTCATGCCGCTCGCCATGCGTCTGCGAGGGTCGCTACACATCAATGCGCTAACCGCCGCACTGGCTGCTC
TAGAGCAGCGGCACGAGACTTTGCGAACGACATTCCAAGAGCAGGATGGTGTAGGCGTGCAGCTAATCCAGACGAGC
CGCACTAAGGAGCTGAGGATAATTGATGTCTCGGCCGGCGCAGATGATAGTAACTACATCCAGTCGCTGCAGATTGA
GCAGACCACTCCATTCGATCTGGCATCTGAGCCAGGATGGAGGGTCTCGTTACTACGATTGGGAAATGATGATCACA
TCCTCTCCATTGTCATGCATCATATCATCTCCGACGGCTGGTCCATCGATATCCTTTGCCAAGAGCTGGGAAAGTTC
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TATGCCGTAGCACTCCGAGGCCAGGATCCGCTGTCGCAAATGAGTCCGCTCCCGATCCAGTACCGCGACTTTGCCGT
GTGGCAGAAGCAAGACGATCAGGTAGCCGAGCACGAACGGCAGCTCGAGTACTGGACCAAGCAACTTGCCGACAGCG
CTCCTGCCGAACTTCTAACCGACCAGCCGCGACCGGCCGTACTGTCTGGCAAGGCTGGTGTTGTGCAGCTCACCATC
GACGGTTCTGTGTACGAGAGACTCCGAGCATTCTGCCGAGCTCACCAGGTAACGTCCTTCGTGGTCTTACTCGCGGC
ATTCCGTGCAGCGCACTACCGTTGGACGGGTGCGGAAGATGCGACTGTTGGTACGCCGATCGCCAACCGAAACCGTC
CAGAGCTGGAGAGCATGATTGGATTCTTCGTTAACACTCAGTGTATGCGGATTACCGTCGAAGATGACGATACATTC
GAGAGGCTAGTTCTGCAGACCCGGTCAACAGCGACAGCCGCATTTGCCAACCAGGATGTCCCATTCGAGCGCGTCGT
TTCAGCCCTCTTACCAGGCTCGAGAGACACATCGAGGAACCCACTGGTGCAGCTCATGTTTGCCCTGCACTCTCAGG
AAGATCTAGGCAAGATTCAGCTAGACGATCTGGTAGGTGAGCCTATACCAGCCGCAGTGACCAGCCGTTTCGACTTA
GAGTTCCACCTGTCCCAGCAGACCGGAAGACTAGGGGGCAACGTACTCTTTGCCACAGACCTGTTTGAGCCTGAGAC
TATCCACGGCATGGTGTCTGTGTTCCAGGAAATCTTACGTCGGGGTCTAGAGGATCCCCAGACGCCAATTGTGTCCC
TGCCGCTTACCGACGGTCTGGCCGAGCTTCGTAGCATGGGCCTTGTTGATATCGAGAGGACCGAGTACCCTCGCGAG
TCCAGCGTGGTTGATGTCTTCCGCGACCAGGTGACCGCCTGTCCTGACGCCACAGCTGTGATAGACTCGTCGCAGCA
GCTGACTTATGCTGAGCTTGACCGACAATCCGACGAGGTTGCTAACTGGCTGCGCCAGCAGCGCATGGCGGCCGAGA
CGCTGATCGGGGTGCTGGCCCTGCGGTCGTGTCAAACGGTTGTTGCCTTTTTTGGTATCCTCAAAGCGAATCTAGCA
TATCTCCCGCTCGACGTCAATATTCCCGCAGCTCGTATAAAAACAATCCTGTCAAACCTACCAGGGCGCAAGTTAGT
TCTTCTTGGCGCCGACGTGGCTGCTCCGGATGTTCAGCTTCCGGACGTGGAGCTTGTACGTATCGACGACACGCTTG
GTAACCCTGGTGCAGTTGATTCTCTTACTGTTGGAAAGCAACCCTCTGCGACAAGCCTGGCATATGTCATCTTCACG
TCGGGTTCAACCGGCGTGCCAAAGGGAATTATGGTCCCACATCGTAGCTTGGTTAACGTCGTCACCCAACGACCCGC
ATATGGCGCTGTCGCCCACATGACAAACCTCGCTTTCGATCCGTCAATATTTGAAATATGCATGGCCTTATTAAACG
GATACAAGCTAGTTTGTATTGACACCATGACAGTGTTAGATGCGGTACACCTCACACATATCTTCAAGCAGGAGGAT
GTCCGCGTCGCGATGATTACGCCTGCATTGCTGACCAGAGTCCTCGACCAAGCCCCTCAGGCGGTAGGCCAACTTGA
GGCACTGTATGTCCTCGGAGACCGGTTCCCTGCCGAAGATGCAGCCAAGGCTAGAGAACTGGTGAGAACAGCCGTGT
TTAATGGCTACGGGCCAAGCGAGAACTCGATCCTGACAACCTCTTTTCACATCACCCCCGGTGTAATGTGTACCAAC
GGCGTACCTGTTGGTCGAGTGATAAACAACTCGGGCGTGTATGTCATGGATCCGCAGCAGCGTCTGGTCTCTCTCGG
TGTCATGGGCGAGCTGGTCGTGACCGGTGACGGGCTCGCACGAGGATATACCGACCCTGACCGAGACCAAGACCGTT
TCGTACAGATCATAGTCGATGACAAGCCGATGAAGGCCTTTCGAACAGGCGACCGGGTGCGATACCGACCGACGGAC
GGTCAACTAGAGTTTTATGGCCGTATGGACAATCAGGTGAAGGTTCGAGGTCACCGTGTCGAGCCCGCAGAAGTAGA
ACGCGTCCTAGTCAGACACAGCGCCGTAAAAGATGTTGTTGTTTTACTGAAGCGCGACGGAGATACACAGCAAGATG
TCGAACTTGTTGGCTTTATCACAGTAGTAGAGGACCAGAGTATGATAAGAGCTAATCAAATGTCAACCGACCATGCA
AGAGAATCCGCCCAGCTAGAGGAGGAGGACGATGAGGTGAAGATGGCGCAGCTGGATCCGAATGTTGAGGCAAATCT
ACGCTCTGTGCTTCAAGCCACTCTACCGTCGTACATGGTTCCATCGCGGATTATTGTGTTGGACCAGATGCCGCTGA
ACACGAACGGCAAGGTTGACCGGCGGGCGCTGGCACGGCTGACATTGGGCGCGACAACAGACCAAAAATCACGCACC
GTTGTCGCCCCCCGTAATGAGATCGAAGTTTCACTGTGCGAGGAATTTGCTGATGTCCTCGGCGTCGAGATAGGCAT
CACTGATAACTTCTTCAATCTCGGAGGACATTCCCTCATGGCCACCAAGCTCGCTGCTCGCATCAGCCGTCGACTGG
ATACCCGTGTGTCCGTCAAAGACGTCTTTGACCACCCTGTCCTCGTCGATCTTGCAGCCATCATCCGCCGAGGCTCA
ACCCCACATAACCCAATCCCCGCAACAGCGTACCGCGGACCTGTCGAGCAGTCGTTTGCCCAGGGCCGCCTATGGTT
CTTAGACCAGTTCAACCTCGGTGCATCGTGGTATCTCATGCCGCTCGCCATGCGCCTGCGAGGGTCGCTACACATCA
ATGCGCTAACCGCCGCATTGGCTGCTCTGGAGCAGCGGCACGAGACTTTGCGAACGACATTCGAAGAGCACGATGGT
GTGGGCGTGCAGCTAATCCAGACGAGCCGCACTAAGGAGCTGAGGATAATTGATGTCTCGGCCGGCGCAGATGATAG
TAACTACATCCAGTCGCTGCAGATTGAGCAGACCACTCCATTCGATCTGGCATCTGAGCCAGGATGGAGGGTCTCGT
TGCTACGATTGGGAAATGATGATCACATCCTCTCCATTGTCATGCATCATATCATCTCCGACGGCTGGTCTATTGAT
ATCTTATGTCAAGAGCTAGGAAAGTTCTATGCCATAGCACTCCGCGGCCAGGACCCGTTGTCGCAGGAAAGCCCGCT
CCCGATTCAGTACCGCGACTTTGCCGTGTGGCAGAAGCAAGACGATCAGGTAGCCGAGCACGAACGGCAGCTCGAGT
ACTGGACCAAGCAACTCGCTGACAGCGCTCCTGCCGAACTTCTAACCGATCTCCCCCGGCCGGCCGTACTGTCCGGC
AAGGCCGGTGTCGTCCAGCTCACCATCGAGGGCGCTGTGTACGAGAGACTCCGAGCATTCTGCCGAGCTCACCAGGT
AACATCCTTCGTGGTCTTACTCGCGGCATTCCGTGCAGCGCACTACCGTCTCACGGGTGCGGAAGATGCGACTGTTG
GTACGCCGATCGCCAACCGAAACCATCCAGAGCTGGAGAGCATGATTGGATTCTTCGTTAACACTCAGTGTATGCGG
ATTACCGTCGAAGATGACGATACATTCGAGAGGCTAGTTCTGCAGACCCGGTCAACAGCGACAGCCGCATTTGCCAA
CCAGGATGTCCCATTCGAGCGCGTCGTTTCAGCCCTCTTACCAGGCTCGAGAGACACGTCGAGGAACCCACTGGTGC
AGCTCATGTTTGCCTTACACTCTCAAGAAGATCTTGGCAAGATTCAGCTAGAAGATCTGGTAGGTGAGCTTATGCCA
ACCACCGTATCCACTCGTTTCGACTTGGAGTTCCACCTGTTCCAACAAACTCGAAGACTCGAGGGCAATGTACTTTT
TGCTGCAGACCTGTTTGAGCCTGAGACTATCCACGGCATGGTGTCTGTGTTCCAGGAAATCTTACGTCGGGGTCTTG
AGGATCCCCAGACGCCAATTGTGTCCCTGCCGCTTACCGACGGTCTGGCCGAGCTTCGTAGCATGGGCCTCGTCGAT
ATCGAGAGGACCGAGTACCCTCGCGAGTCCAGCGTGGTTGATGTCTTCCGCGACCAGGTGGCCATCTGTCCTGACGC
CACAGCTGTGATAGATTCGTCGCAGCAGCTGACTTATGCTGACCTTGACCGGCAATCCGACGAGGTTGCTAGCTGGC
TGCGCCAGCAGCGTATGCCGGCCGAGACGCTGATCGGGGTGCTGGCCCCGCGGTCGTGTCAGACGGTTGTTGCCTTT
TTGGGCATCCTCAAAGCGAACCTAGCATATCTCCCGCTCGACGTCAATGTTCCAGTGGCTCGTATCGAAGCGATTCT
ATCAAACGTACCAGGGCACAAACTGATTCTTCTCGGTGCCAATGTGGCTGCTCCGGATATTCAACTTCCAAACGTCG
AGCTGGTACGTATCAGCGACACGCTAGGCAATGATAATGTATTTGACTTTACGGACCCCGCCCTGCGGCCCGCGGCG
ATGAGCCTTGCGTACGTGATGTTTACATCTGGATCGACTGGCCGGCCGAAGGGTGTCATGGTCGAGCACCGCAGCAT
CGTGCGGCTGGTCAGGGAGACCAATTTGATCTCGCAGGCTGGAGCAGCTGTTTCTGTTGCTCATCAGGCTAACCTCG
CTTTTGACGCGGCAACATGGGAGATCTATACGCCGCTTCTAAATGGCGGGACAGTGGTGTGTATCGACTACATGACG
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GTTTTGGACCCTATCGCTCTCGGCCGTTCCTTTTCAAAACATAGCATCAGAGCTGCTTTCTTTTCAACAGCTTTACT
GAAACAGCGCCTTGATGAAATACCTTCGATAATCAGTGAGTTAGATATATTATTCGCCGGCGGAGAGATAATGCGGC
CTCGAGATGCCCTCAACGCGGCACAATTAGTCCGGTACAATTTCTGTCATGTTTACGGCCCGACCGAAAACACAACC
TTCAGTACAGTTTACCGCTTCCCAGTATGTGAGGATAGCGTCAATGGGGTTCCTATTGGTCATGCTATCAGCAACTC
TGGCGCTTACATTATGGACTCATGTCAACAGCTTGTCTCTGTCGGTGTGATGGGAGAGCTTGTCGTCACAGGAGACG
GGCTTGCCAGAGGGTATACCGATCCATCGCTGGACCTAGACCGCTTCGTCCAGGTTTCCATCGACGGCCAGCTCGTG
AGGGCATACCGAACGGGCGACCGAGCACGATATCGGCCGAAGGATGGTCAGATCGAGTTCTTTGGGCGCATGGACCA
GCAGATCAAGATCCGAGGCCACCGCATCGAACCGGCCGAGGTGGAGCATGCCATGCTCAGCCACAATGCGGTCAGCG
GCGCAGCTGTCGTCGTCCGGATGCCAGACGGTCAAGAACCGGAAATGGTTGGCTTTGTCGCCGCCCGGGGCGACGAA
TCCGTCGAGCAGGACGCGGCTAGCGGTCACGTGGAAGGTTGGGGAGACTTCTTTGAAGCGAACACATATGTAGATAT
CAAGACCATTGGCCAGACTGCCATCGGCAGCGACTTCGTTGGCTGGACATCCATGTATGACAAGAGCGAGATTGACA
AGGCTGAGATGCAGGAGTGGCTCGATGACACTATGCAGACACTCCTCAACGGTCAGGACCCTGTCCATGTATTTGAG
ATAGGCACCGGCACTGGTATGGTTCTATTCAATCTCGGCGACGGCCTACAGAGCTACATTGGCGTCGAACCGTCGAG
ATCCGCGGCTGCCTTCGTCAACGATGCCATTAAGTCAATCCCTGCTCTCGCAGGCAGGGCTGAGGTACATGTCGGCA
CGGCCACGGATGCAGGCCGTCTAGATGGGCTCCATCCAGACCTGGTCGTGGTCAATTCCGTGGTCCAGTACTTCCCC
ACGCCGGAGTATTTGATCGAAGTCGTCGACGCTCTCACTCGACTACCAGGCGTCAAGCGTCTATTCTTTGGTGACAT
ACGACCCCACTCTCTTAACAAAGACTTCCTCGCGGCCAGGGCTTTACATATGCTAGGTAGAAAGGCGACTAGAGATG
GAGTGCGACATAAGATGGCAGAAATCGAAGTGCGCGAAGAGGAGCTGCTAGTCGACCCGGCCTTTTTCACGAGCCTA
GCAGGCCGGCTCCCAGGTCAAATCCAGCATGTCGAGATTCTACCCAAAAGAATGATAGCGACGAACGAGCTTAGCTC
GTACAGGTATGCTGCTGTCGTGCATGTGGGCGATCCCGACAAGCAAGTGCAGGCTGTGCATGAGATCGATGCAGATG
CTTGGATCGATTTCAAAACCTCTCAGATGGACCGTCAGGCCCTACTCCGCCTTCTACAGAGCTCGCCAGACGCCTTG
ACTGTCTCCGTCAGCAACATCCCTTATAGCAAGACCATTGTAGAGCGACATGTTAGGATGTCGCTTGATGAAAACGA
TGACGATGACGACGCAATGGATGAGGTGGCCTGGGTCTCTGCTGTCCACCATAGAGCGGATCGGTGCGCGTCGATGT
CCGCAACCGACCTCCTGCAAGTAGGCGAAGAGACAGGCTTCAGCGTGGAGGTCAGTTGGGCGCGACAGCAGTCCCAG
AACGGCGCACTTGATGCCGTCTTCCACCACTATACACCTGCCGCGAGTGGGCAGCGCGTTATGATTAAATTCCCGAC
TGACGACCAGACCCGGCCAGTAGGCTCTTTCACGAACCGGCCGCTACAGCGGCTACAGGGCCGGCGGATCGAGGGAC
AGATCCGTGAAAGACTGCGGGCTCTCCTCCCACCGTACATGATCCCGACGCGTATTGTGGTGCTAGACCAGATGCCT
GTCAACGCAAACGGCAAGGTCGACCGGCGAGAACTTGCTCGAAGGGCCCAGGTTGCACCAATAAGGAATGTGGCGTC
TTCTCACGTGGCTCCACGCAACGAGATAGAAGTCGTGTTGTGTGAGGAGTTTGCCGATGTCCTCGGCGTCGAGGTCG
GCATTACCGACAATTTCTTTCATCTCGGGGGGCACTCGCTCTTGGCCACGAAGCTTGCAGGGCAACTCAGCCGCCGG
CTGGATGTCCGAGTGTCCGTCAAAGATATATTCGACCAGCCGGTGCCCGCCGACCTCGCGAACAAGATTCAGATTAA
TCAATTGCGGGCCCACACAGCAAGCAATGGAGTTTTACCAACACCAGAAAGCGCTCCATTCCATCTACTTCCTTTTG
AAGATCCGCGGACATTTGTGCTCCGCGAAATCTCCCCGCGACTTGAGGACTGCCATGGTAGAATCTTAGACGTCTAC
CCTGCAACAATGACACAAAAGACTTTCCTCCAAGATCCAGTGACGGGTCACCCACGCACTCCGGCGCTCTTTTTCAT
AGACTTCCCACCTAACTCGGATTGTGCTCGGCTAGTTAAAACCTGCACGGCTCTAGTCCAACATTACGACATCTTTA
GGACCGTGTTCTTCATGGCGGCCGGTGCGTTCTACCAGGTAGTCCTGGAACATCTTGACGTGCCGATTGAGGTTGTC
GAAATCGACGAAGATATCACCAGTGCGACCCGTCCATCATTGGGTATGGATGGACAACAGTCTCTTCGTTTAGGACA
ATCATTGCTACGCATCGCCATTCTGAAGAATCGGGAATCGACGGTGCGAGTAGTGCTTCGAATGTCTCATGCATTGT
ATGATGGCTTGAGTTTCGAGCACATTGTGCATTCACTTCATACTCTATACAACGGCAATCAGCTTCCAACACCTCCC
AAATTTGCTCAATATGTTCAACATATGATTAACAGCCGCAAAGACGGTTACGAGTTCTGGCGCTCTGTTCTGCAGAA
TTCCTCGATGACAGTCGTCGGTAGTGCTAGCCATGGCCGTCAACCAAAACCAGGAGCTGACGGTGCATGGTTTGTGG
AAAAGCTCATTAACGCTCCTTTTCAGGCCAATATAGGCGGCATCACACAGGCAACAGTGTTTACTACTGCCTGCGCT
CTAATGCTTGCACAAGAGACCAGATCAAGGGATGTCCTTTTTGGTCGAGTCGTGTCTGGACGCCAGTGCTTGCCTGT
CGGTTGCCAACATATCGTTGGCCCTTGCACTAATAATGTGCCTGTGCGAGTTTCCATAGATGGGGCCGCCACTCCGA
GAGAATTACTCCAGGAGGTGCAAGACCAGTATATCAACAGCTTGCCTTTTGAGACTCTAGGATTCGATGAAGTGAGA
GAAAACTGCACAGACTGGCCAGACACGACTATTAACTACGGTTGTTGCACGGTATATCAAAACTTTAACATTCATCC
TGAAAGTCATATCCAAGACCAGCGGATTCGGCTGGAGACTTTAGCACGAGATTCTCGAGCAGGAAAATCCAGCGAGT
GCGATACTGCTCTGAGCAAGGGAACTCTGGATGAGACACCGATTCACGACGTGGATATAGCAGGAGTTCCTGAGCCC
GACGGACTTCGACTGCGGGTGTCTATAGTTGCCAACCGACGAATTTGTGAAGAAGAGACGGTGGACCATATGATCAA
AGAGCTTTGTGAGAGAATTCTGAGCTTGAACTCAGCTTTGCAAGATCTATCCACAAGAGAGATGGAAGGTATTTGA 
 
 
>Orf3_translation 
MASTNNKLSVRAATASFTTGVANHNRKNNNNNNNRNILSMQASRHLGLDQSMIENILPCTPFQRDVMEHAAKDRRRA
VGHVVYEIPKNVDIERLAAAWKEVVRQTPALRTCMFTLESGDHLQVILSDSFKWVYLSGLDMNEAVAEEEEAAAAVT
RSQCNRYAVYENPNTKQRLLIWTFSHALVDTVFQERILVKVLKVYHGGEIQHSLGTELIVNSLAKDPERIARFWQQH
FDGLIASAFPALPSPLTVPRPDAHAEHRISYPGLAQQVWNNTIICQAALAVLLARYTHTSEALFGVVVERPPLFNGL
EQPLDGPTRTIVPTRVVCDPRQSGLDLMQAISAQDMAVREFEQAGLHSIRRAGDFGSAACGFETVLLVTANNVPQAH
SSRLHRADTKSDKFIPYTDRALLLDCQMADTSALLVARYDPSLTDDRQMARFLKQLGYLIQQFQSHVVKLPIRELDV
VTQEDQAEIQKWNSGLLRASELCIHDVIEERAADTPYEPAVLAWDGGWTYAELDRLSSRLAGYIQTHDLELGRVVPL
CFEKSKWIVAAMLAVLKTGRAFTLIDPAYPAARIAKICEQTSATVALASKVQYEAICTVVPQCIAVDDELFQSLPHD
EDHFRTIVKPQDLAYILFTSGSTGEPKGSMIEHRGFTSCCLEFGPRMGINKHTRSLQFASYAFGACLVEILATLMHG
GCVCIPSENDRMNDVPGFINRVGVNWAVFTPSFIGAIQPESVLGLQTLVLGGEPMLAEMRDNWASKVQLIYVYGQSE
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SSSVCSVTEVKQDTAELNNIGGAVGARFWITDPINPDRLAPIGSVGELVIESPGIARGYVVAPPKQKSPFLVTAPAW
YPASQQLGSVRFYRTGDLVRYRSDGTVVYLGRRDSQVKIRGQRVELGDVESHLRQQLPSHVMPVVEAVRRSNASNST
TLLAFLIGPFYDGEDTPHTTSAMDVCILETSAAKRIKIKLQEVIPQHCIPSHFIRMKHLPTTTTGKTDRRRLRSIGT
TLLDEMNVNGRSWPEERFAPTASAEVTLQQLWFRSLNIDPSSNSHGASFFELGGDSIAAIKLVNMARSLGIALEIAD
ILQNPTLTGLAATIQGLSTPHNPIAQTRYHGPVEQSFAQGRLWFLDQFNLGASWYLMPLAVRLRGSLHINALAVALA
ALEQRHETLRTTFQEQDGVGVQVIQTSRTEELRVIDVSAGADDSRYIQLLQNEQTTPFDLASEPGWRVSLLRLGDDD
HILSIVMHHIISDGWSVDILCRELDQFYAATLRGQDPLSQVSPLPIQYRDFAVWQKQDDQVAEHERQLEYWTKQLTD
SSPAEFLTDLPRPAVLSSQAGVVQLTIEGLVYENLRAFCRAHQVTSFAVLLAAFRAAHYRLTGAEDATVGTPIANRN
RPELENMIGFFVNTQCMRIIVGEDDTFEGLVRQTRSTTAAAFANQDVPFERIVSCLLPGSRDTSRNPLVQLMFALHS
QQDLGKIQLKGLAGELLPSVATTRFDVEFHLFQEAERLVGRVLFSTDLFEATTIDGMVAVFQETLRRGLEEPQAPIV
SLPLTDGVAKLRNMGLVDIDRIEYPRESSVVDVFRDQVAACPNAAAVTDSSQQLTYAQLDQKSDEVASWLRQQRMAA
ETLVGVLAPRSCQTVVAFLGILKANLAYLPLDINVPAARIKTILSSLPGRKLVLLGADVAAPDVQLPDMELVRIDDT
LGNPGAVDSLTVGKQPSATSLAYVIFTSGSTGVPKGIMVPHRSLVNVVTQRPAYGAVAHMTNLAFDPSIFEICMALL
NGYKLVCIDTMTVLDGVHLTYIFKQEDIRVAMITPALLTRVLDQAPQAVGQLEALYVLGDRFPAEDAAKARELVRTA
VFNGYGPSENSILTTSFHITPGVMCTNGVPVGRVINNSGVYVMDPQQRLVSLGVMGELVVTGDGLARGYTDPDRDQD
RFVQIIVDDKPMKAFRTGDRVRYRPTDGQLEFYGRMDNQVKVRGHRVEPAEIERVLVRHNAVKDAVVLLKRHGDTQQ
DVELVGFITVVEDQSMIRANQKLTDHARESAQLEEEEDDEVKMAQLDPNVEANLRSVLQATLPSYMVPSRIIVLDQM
PLNTNGKVDRRVLARLTLSAPTNRESRTVVAPRNEIEVSLCEEFADVLGVEISITDNFFNLGGHSLMATKLAARISR
RLDTRVSVKDLFDNPVLVDLAAIIRRGSTPHNSIPPTTYHGPVEQSFAQGRLWFLDQFNLGASWYLMPLAVRLRGSL
HIDALAVALATLEQRHETMRTTFQEQDGVGVQVVQTSRTEELRVIDVSAGADDSSYIQLLQNEQTTPFDLASEPGWR
VSLLRLGNDDHILSIVMHHIISDGWSIDILCRELSQFYAATLRGQDPLSQVSPLPIQYRDFAVWQKQDDQVAEHERQ
LEYWTKQLTDSAPAELLKDLPRPAILSGKAGVVQLTIEGSVYERLRAFCRAHQVTSFVVLLAVFRAAHYRLTGAEDA
TVGTPIANRNRPELENMIGSFVNTQCMRITIGDGDTFEGLVRQTRSTATAAFANQDVPFERVVSALLPGSRDISRNP
LVQLMFAVHSQEDLGKIQLSGLVGEHMIPTVSTRFDVEFHLFQEVGRMSGSVLFSTDLFESTTIRGMVSVFQEILRR
GLEEPQTPIVSLPLTDDLAELRSMGLLDIERTGYPRESSVVDAFREQAGACPGATAVKDSSQQLTYTQLDRQSDEVA
SWLRQQRMAAETLVGVLAPRSCQTVVAFLGILKANLAYLPLDINVPAARIKAILSMVSGRKLVLLGADAAAPDVQLP
DVELVRIDDMLRNPGAVDSDSLTVGKQPSATSLAYVIFTSGSTGVPKGVMAEHRSILRLVKESNVVSRLPRAPRIAH
LSSIAFDASTWEIYSALLNGGTVICIDYFTALDSKALEAVFEQEQIRVATLLPALLKQCLASIPATIGALEVLYTGG
DRLDSRDATEARALVQSAVYNVYGPTENAAISTIYAIEEHDLFVNGVPIGRAISNSGAYILDSSQQLVSVGVMGELV
VTGDGLARGYTDPSLDLNRFVQVSIDGQLVRAYRTGDRARYRPKDGQIEFFGRMDQQIKIRGHRIEPAEVEHAMLSH
NAVSDAAVVVRMPEGRERQEPEMVGFVAARSDESINHAWVSQDGLEHRRSREKGFAAQTENEIQIRLQTLLPPYMIP
TRIVVVDQMPVNANGKVDRRALARLTLSAPTDQESRTVVAPRNEIEVSLCEEFADVLGVEIGINDNFFHLGGHSLMA
TKLAARISRRLDTRVSVKDLFDNPVLVDLAAIISRTSTPHSAILPTAYHGPVEQSFAQGRLWFLDQFNLGASWYLMP
LAVRLRGSLHIDALAVALATLEQRHETLRTTFEEHDGIGVQVIQTSRTEELRVIDVSAGADDSRYIQLLQNEQTTPF
DLASEPGWRVSLLRFGDDDHILSIVMHHIISDGWSVDILCRELSQFYAATLRGQDPLSQVSPLPIQYRDFAVWQKQD
DQVAEHERQLEYWTKQLTDSAPAELLNDLPRPAILSGKAGVVQLTIEGSVYERLRAFCRAHQVTSFVVLLAVFRAAH
YRLTGAEDATVGTPIANRNRPELESVIGFFVNTQCMRITIGDGDTFEGLVRQTRSTATAAFANQDVPFERVVSALLP
GSRDTSRNPLVQLMFAVHSQEDLGKIQLSGLVGEHMIPTVSTRFDVEFHLFQEVGRMSGSVLFSTDLFESTTIRGMV
SVFQEILRRGLEEPQTPIVSLPLTDGVAKLRSMGLVDIDRTEYPRESSVVDVFRDQVAACPDATAVKDSSQQLTYTQ
LDRQSDEVASWLRQQRMAAETLVGVLAPRSCQTVVAFLGILKANLAYLPLDVNVPAARIKTILSNVPGHKLVLIGVD
VAAPDLQLPEVEVVSIGDTLGQDSPVDFPVASLQPTTTSLAYVIFTSGSTGVPKGVMAEHRSILRLVKESNVVSRLP
RAPRIAHLSSIAFDASTWEIYSALLNGGTVICIDYFTTLDSNALEAVFEQEQIRVATLLPALLKQCLASIPATIGAL
EVLYTGGDRLDSRDATEARALVQSAVYNVYGPTENAAISTIYAIEEHDLFVNGVPIGRAISNSGAYILDSSQQLVSV
GVMGELVVTGDGLARGYTDPSLDLNRFFQVSIDGQLVRAYRTGDRARYRPKDGQIEFFGRMDQQIKIRGHRIEPAEV
EHAMLSHNAVSDAAVVVRMPDGQEGQERQEPEMVGFVAARGDESVEQDAATGHVEGWGDYFETNTYVDIETIGQTAI
GSDFVGWTSMYDKSEIDKAEMQEWLDDTMQTLLNGQDPVHVFEIGTGTGMVLFNLGDGLQSYVGVEPSRSAAAFVND
AIKSIPALAGRAEVHVGTATDAGRLDGLHPDLVVVNSVVQYFPTPEYLIEVVDALTRLPGVKRLFFGDIRPHSLNKD
FLAARALHVLGGKATKDGVRRKMTEIEEREEELLVDPAFFTSLAGRLPGQIQHVEILPKRMIATNELSSYRYAAVVH
VGDPDKQMQAVHEIDADAWIDFKTSQMDRQALLRLLQSSPDALTVSVSNIPYSKTIVERHVRMSLDENDDDDDALDR
IAWVSAVHHRADRCASMSAADLLQVGEETGFRVEVSWARQQSQNGALDAVFHHYTPAASKQRIMIRFPTDDQTRPVG
SFTNRPLQRLQGRRIEGQIRERLQALLPPYMIPTRIVVLDQMPVNASGKIDRRELTRRAQVAPKRNVASSRVAPRNE
IEVVLCEEFAEVLGVEVGITDNFFHLGGHSLMATRVASRINRRLNALITVRDVFVRPVVADLADLLCQLFGATTYVP
IPRTQVDGPVEQSFAQGRLWFLDRLYPQSTWYLMPFATRMRGPLHLDALSAALQALEERHEPLRTTFEHRDGVNLQV
VHPFAPKKPNFIHVPEGSWKILTQALRQEHTTPFNLEIEPGWRTSIFRLGEEDHVLSIMMHHIISDGWSVDILQREL
AAFYAATIRAQDPLSLARPLPIQYRDFAVWQKQEAQNVEHQHQLDYWKQQLDGSQSAELLYDKPRPAVLSGKAEVHE
IVINGALYRNLQQFCKSHQVTPFAVLLAAFRATHYRLTGVEDATIGTPIANRNRQELEDLIGFFVNLLCIRIHVQDE
TFEALVRQVRNTTAAASANQDVPFEMLVAELRPGARDLSRNPLVQMTFALHSQRNIGYLRLDGLETQPLGEVATSRF
DLEFHFYEEDDRMRGAVIFSDELFDPMSIHSMTSVFFEVLTRGLKDPTARIATMPLTDGLSMLTDMGLTCIEPTDYP
RDSSVPVLFRQQVAICGEAVAVKDGSTQLTYAELNLQSDQVACWLAQRGFAPETMIGVLAPRSCETVVVFLGILKAN
LAYLPLDVNVPPRRLESILSAVHGHKLVLLGADVAPPTTGLSDIEFLAITKIQGQQVVGWQETAAALPIPSPTSLAY
VMFTSGSTGQPKGVMIEHRGIVRLVRETNVISQTEAAVPVAHVSNLAFDAATWEIYAPLLNGGTVVCIDYMTVLDAA
ALGQVLAGEKVRAALFTPALLKQCLRDAPAALAGLTTLLASGDRLDSRDATQARKLLNGDLINSCGHTENTTFSTIY
RVPQNESSVNGVPIGSAISHSGVLVMDSQQCLVPLGVMGELILTGDGLARGYTDPALDRDRFITVTVNGGSVKAYRT
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GDRVRYRPVDGQLEFFGRMDHQVKIRGHRVELAEVEHALLRNSSISDAVALVREPDGEEAALVSFVTILSGQTLFQP
KQGEESGEGGQVEAWADLFNSNTYADINTIDTAKLGRDFMGWTSMYDGEPIDRGEMNEWLHDTITAIQSGGQPANVF
EIGTGTGMILFNLSDGLQSYVGLDPSASAATWVTKMSKAKPGLTEKIDVRVGTAADVGQLGQVNSPELVVINSVVQY
FPSAEYLSTTVERLLRLNDLDRIFVGDVRSYPLYRDFGATKGLHVLGASATKETLCRQLVGMEEAEEELLVDPAFFT
SLASRLPDLVEHVEILPKKMKATNELSCYRFAAVIHARRKGGQARRILEVAEDAWIDFQAHQLDRVGLVGLLQNSPA
SSIVAVSHIPYSKTVLERDLVNSLDSEAAEGPTEVTGDWLMSIRDAAHACPALSAFDIEELAQEAGFRVEVSWARQR
SLRGGMDAVFHRFQGQRPLFRFPTDYQGCSKDSFTNRPLRRQETQKVEAYLRAQLLVTLPSYMIPARISVLDEMPVN
ANGKVDRRALAQMAVGPATIRSARTIVPPRSDAERALCEEFAHLLSVEVGITDNFFHLGGHSLMATRLAARISRRLD
TRVSVKDVFDHPVLVDLAAIIRRGSTPHNPIPATTYRGPVEQSFAQGRLWFLDQFNLGASWYLMPLAVRLRGSLHIN
ALAIALAALEQRHETLRTTFEEHDGVGVQLIQTSRTKELRIIDASAGADDSNYIQSLHNEQTTPFDLASEPGWRVSL
LRLGGDDHILSIVMHHIISDGWSVDILCRELGQFYAAALRGQDPLSQMSPLPIQYRDFAVWQKQDDQVAEHERQLEY
WIKQLADSAPAELLNDLPRPAVLSGKAGVVQLTIEGSVYERLRAFCRAHQVTSFVVLLAAFRAAHYRLTGAEDATVG
TPIANRNRPELESMIGFFVNTQCMRITVGDDDSFEGLVLQTRSTATAAFANQDVPFERVVSALLPGSRDTSRNPLVQ
LMFALHSQQDLGSIQLQGLAGELLPSVATTRFDVEFHLFQEAERLVGSVLFSTDLFESNTIHGVVSVFQEVLRRGLE
DPQTPIVSLPLTDGLAELRSMGLVDIERTEYPRESSVVDVFRDQVAACPDATAVIDSSQQLTYAQLDRKSDEVAGWL
RQQRMAAETLIAVLAPRSCQTVVAFLGILKANLAYLPLDVNIPAARIKTILSNLPGRKLVLLGADVAAPDVQLPDVE
LVRIDDTLGNPGAVDSLTDGKQPSATSLAYVIFTSGSTGVPKGIMVPHRSLVNVVTQRPAYGAVAHMTNLAFDPSIF
EICMALLNGYKLVCIDTMTVLDAVHLTHIFKQEDIRVAMITPALLTRVLDQAPQAVGQLEALYVLGDRFPAEDAAKA
RELVRTAVFNGYGPSENSILTTSFHITPGVMCTNGVPVGRVINNSGVYVMDPQQRLVSLGVMGELVVTGDGLARGYT
DPDRDQDRFVQIIVDDKPMKAFRTGDRVRYRPTDGQLEFYGRMDNQVKVRGHRVEPAEIERVLVRHNAVKDAVVLLK
RHGDIQQDVELVGFITVVENQSMIRANQKLTDHVRESAQLEEEDDEAKMAQLDPNVEANLRSVLQATLPSYMVPSRI
IVLDQMPLNTNGKVDRRALARLTLSATTDRESRTVVAPRNEIEVSLCEEFADVLGVEIGITDNFFNLGGHSLMATKL
AARISRRLDTRVSVKDVFDHPVLVDLAAIIRRGSTPHSAIFPTAYHGPVEQSFAQGRLWFLDQFNLGASWYLMPLAV
RLRGSLHIDALTTALAALEQRHETLRTTFEEHDGVGVQLIQTSRTKELRIIDVSAGADDSNYIQLLQNEQTTPFDLA
SEPGWRVSLLRLGNDDHILSIVMHHIISDGWSIDILCQELGKFYAIALRGQDPLSQMSPLPIQYRDFAVWQKQADQI
AEHERQLEYWTKQLADSAPAELLTDLPRPAVLSGKAGVVQLTIEGSVYERLRAFCRAHQVTSFVVLLAAFRAAHYRL
TGAEDATVGTPIANRNRPELESMIGFFVNTQCMRITVGDDDTFEGLVLQTRSTATAAFANQDVPFERVVSALLPGSR
DTSRNPLVQLMFALHSQEDLGKIQLDDLVGEPIPAAVTSRFDLEFHLFQQTGRLGGNVLFAADLFEPETIHGMVSVF
QEILRRGLEDPQTPIVSLPLTDGLAELRSMGLVDIERTEYPRESSVVDVFRDQVAACPDATAVKDSSQQLTYTQLDR
QSDEVASWLRQQRMAAETLVGVLAPRSCQTVVAFLGILKANLAYLPLDINVPAARIKAILSNVPGDKLILLGADVAV
PDIQLPNVELVRIKNTLGNPDAFDSLTVGKQPSATSLAYVIFTSGSTGVPKGVMAEHRSILRLVKESNVVSRLPRAP
RIAHLSSIAFDASTWEIYSALLTGGTVICIDYFTTLDSKALEAVFEQEQIRVATLLPALLKQCIASIPATIAALEVL
YTGGDRLDSRDAAEARALVQSAVYNVYGPTENAAISTIYAIKEHDLFVNGVPIGRAISNSGAYILDSSQQLISVGVM
GELVVTGDGLARGYTDPSLDLNRFVQVSIDGQLVRAYRTGDRARYRPKDGQIEFFGRMDQQIKIRGHRIEPAEVEHA
MLSHDAVSDAAVVVRMPDGQEPEMVGFVAARGDESVEQDAATGHVEGWGDYFETNTYVDIETIGQTAIGSDFVGWTS
MYDKSEIDKAEMQEWLDDTMQTLLNGQDPVHVFEIGTGTGMVLFNLGDGLQSYVGVEPSRSAAAFVNDAIKSIPALA
GRAEVHVGTATDAGRLDGLHPDLVVVNSVVQYFPTPEYFIEVVNTLTRLPGVKRLFFGDIRPHSLNKDFLAARALHV
LGGKATKDGVRRKMAEIEEREEELLVDPAYFTSLAGRLPGQIQHVEILPKRMIATNELSSYRYAAVVHVGDPDKQVQ
AVHEIDADAWIDFKTSQMDRQALLRLLQSSPDALTVSVSNIPYSKTIVERHVRMSLDENDDDDDAMDEVAWVSAVHH
RADRCASMSATDLLQVGEETGFSVEVSWARQQSQNGALDAVFHHYTPAASGQRVMIKFPTDDQTRPVGSFTNRPLQR
LQGRRIEGQIRERLRALLPPYMIPTRIVVLDQMPVNASGKVDRRELARRAQVAPIRNVASSRVAPRNEIEVVLCEEF
ADVLGVEIGITDNFFHLGGHSLMATKLAARISRRLDTRVSVKGIFDHPVLVDLAAIIRRGSTPHNPIPPTAYRGPFE
QSFAQGRLWFLDQLNLDASWYLMPLAVRLRGSLHINALAVALATVEQRHESLRTTFEEHDGVGVQLIQTSRTKELRI
IDVTAGADDSNYIQSLQIEQTTPFDLASEPGWRVSLLRLGDDDHILSIVMHHIISDGWSIDILCQELGKFYAAALRG
QDPLSQVTPLPIQYRDFAVWQKQAEQAVEHERQLEYWTKQLADSAPAELLTDLPRPAVLSGKAGVVQLTIEGAVYER
LRAFCRAHQVTSFVVLLAAFRAAHYRLTGAEDATVGTPIANRNRPELESMIGFFVNTQCMRITVGDDDTFEGLVLQT
RSTATAAFANQDVPFERVVSALLPGSRDTSRNPLVQLMFALHSQEDLGKIQLDDLVGEPIPAAVTSRFDLEFHLSQQ
TGRLGGNVLFATDLFEPETIHGMVSVFQEILRRGLEDPQTPIVSLPLTDGLAELRSMGLVDIERTEYPRESSVVDVF
RGQVAICPDATAVIDSSQQLTYAELDRQSDEVASWLRQQRMAAETLIGVLAPRSCQTVVAFLGILKANLAYLPLDVN
VPAARIEAILSNVPGHKLVLLGANVAAPDIQLPNIELVRISDTLGNDNVVDLTDPAVQPLATSLAYVIFTSGSTGIP
KGVMCEHRNILRLVKQNTIIAKLPGAVRVAHLTNIAFDVSVWEVFATLLNGGTLVCINYFTTLDSKALADVFEREKI
HMATLPPALLKQCLVDNPAMLSSLHVLLAAGDRFDSRDAIEAKALVGADVYNAYGPTENGILSTLYNVGENEKHANG
VPIGRAVRNSGAYIMDSRQQLVSSGVVGELVVTGDGLARGYTDPSQDLDRFVQVSIDGQLVRAYRTGDRARYRPKDG
QIEFFGRMDRQIKIRGHRIEPAEVENAMLSHDAVRDAAVVVRMPEGQESQEPEMVGFVAARGDGSVNQAWVNLDQTG
HRKRREERFAAQTESEVRISLQALLPPFMIPTRIVVLDQMPVNANGKVDRRELARWAQVAPKRNVSSSRVAPRNEVE
VVLCEEFVDVLGVEIGITDNFFNLGGHSLMATKLAARISRRLDTRVSVKDVFDHPVLVDLAAIIRRGSTPHNPIPPT
AYRGPVEQSFAQGRLWFLDQLNLGASWYLMPLAMRLRGSLHINALTAALAALEQRHETLRTTFQEQDGVGVQLIQTS
RTKELRIIDVSAGADDSNYIQSLQIEQTTPFDLASEPGWRVSLLRLGNDDHILSIVMHHIISDGWSIDILCQELGKF
YAVALRGQDPLSQMSPLPIQYRDFAVWQKQDDQVAEHERQLEYWTKQLADSAPAELLTDQPRPAVLSGKAGVVQLTI
DGSVYERLRAFCRAHQVTSFVVLLAAFRAAHYRWTGAEDATVGTPIANRNRPELESMIGFFVNTQCMRITVEDDDTF
ERLVLQTRSTATAAFANQDVPFERVVSALLPGSRDTSRNPLVQLMFALHSQEDLGKIQLDDLVGEPIPAAVTSRFDL
EFHLSQQTGRLGGNVLFATDLFEPETIHGMVSVFQEILRRGLEDPQTPIVSLPLTDGLAELRSMGLVDIERTEYPRE
SSVVDVFRDQVTACPDATAVIDSSQQLTYAELDRQSDEVANWLRQQRMAAETLIGVLALRSCQTVVAFFGILKANLA
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YLPLDVNIPAARIKTILSNLPGRKLVLLGADVAAPDVQLPDVELVRIDDTLGNPGAVDSLTVGKQPSATSLAYVIFT
SGSTGVPKGIMVPHRSLVNVVTQRPAYGAVAHMTNLAFDPSIFEICMALLNGYKLVCIDTMTVLDAVHLTHIFKQED
VRVAMITPALLTRVLDQAPQAVGQLEALYVLGDRFPAEDAAKARELVRTAVFNGYGPSENSILTTSFHITPGVMCTN
GVPVGRVINNSGVYVMDPQQRLVSLGVMGELVVTGDGLARGYTDPDRDQDRFVQIIVDDKPMKAFRTGDRVRYRPTD
GQLEFYGRMDNQVKVRGHRVEPAEVERVLVRHSAVKDVVVLLKRDGDTQQDVELVGFITVVEDQSMIRANQMSTDHA
RESAQLEEEDDEVKMAQLDPNVEANLRSVLQATLPSYMVPSRIIVLDQMPLNTNGKVDRRALARLTLGATTDQKSRT
VVAPRNEIEVSLCEEFADVLGVEIGITDNFFNLGGHSLMATKLAARISRRLDTRVSVKDVFDHPVLVDLAAIIRRGS
TPHNPIPATAYRGPVEQSFAQGRLWFLDQFNLGASWYLMPLAMRLRGSLHINALTAALAALEQRHETLRTTFEEHDG
VGVQLIQTSRTKELRIIDVSAGADDSNYIQSLQIEQTTPFDLASEPGWRVSLLRLGNDDHILSIVMHHIISDGWSID
ILCQELGKFYAIALRGQDPLSQESPLPIQYRDFAVWQKQDDQVAEHERQLEYWTKQLADSAPAELLTDLPRPAVLSG
KAGVVQLTIEGAVYERLRAFCRAHQVTSFVVLLAAFRAAHYRLTGAEDATVGTPIANRNHPELESMIGFFVNTQCMR
ITVEDDDTFERLVLQTRSTATAAFANQDVPFERVVSALLPGSRDTSRNPLVQLMFALHSQEDLGKIQLEDLVGELMP
TTVSTRFDLEFHLFQQTRRLEGNVLFAADLFEPETIHGMVSVFQEILRRGLEDPQTPIVSLPLTDGLAELRSMGLVD
IERTEYPRESSVVDVFRDQVAICPDATAVIDSSQQLTYADLDRQSDEVASWLRQQRMPAETLIGVLAPRSCQTVVAF
LGILKANLAYLPLDVNVPVARIEAILSNVPGHKLILLGANVAAPDIQLPNVELVRISDTLGNDNVFDFTDPALRPAA
MSLAYVMFTSGSTGRPKGVMVEHRSIVRLVRETNLISQAGAAVSVAHQANLAFDAATWEIYTPLLNGGTVVCIDYMT
VLDPIALGRSFSKHSIRAAFFSTALLKQRLDEIPSIISELDILFAGGEIMRPRDALNAAQLVRYNFCHVYGPTENTT
FSTVYRFPVCEDSVNGVPIGHAISNSGAYIMDSCQQLVSVGVMGELVVTGDGLARGYTDPSLDLDRFVQVSIDGQLV
RAYRTGDRARYRPKDGQIEFFGRMDQQIKIRGHRIEPAEVEHAMLSHNAVSGAAVVVRMPDGQEPEMVGFVAARGDE
SVEQDAASGHVEGWGDFFEANTYVDIKTIGQTAIGSDFVGWTSMYDKSEIDKAEMQEWLDDTMQTLLNGQDPVHVFE
IGTGTGMVLFNLGDGLQSYIGVEPSRSAAAFVNDAIKSIPALAGRAEVHVGTATDAGRLDGLHPDLVVVNSVVQYFP
TPEYLIEVVDALTRLPGVKRLFFGDIRPHSLNKDFLAARALHMLGRKATRDGVRHKMAEIEVREEELLVDPAFFTSL
AGRLPGQIQHVEILPKRMIATNELSSYRYAAVVHVGDPDKQVQAVHEIDADAWIDFKTSQMDRQALLRLLQSSPDAL
TVSVSNIPYSKTIVERHVRMSLDENDDDDDAMDEVAWVSAVHHRADRCASMSATDLLQVGEETGFSVEVSWARQQSQ
NGALDAVFHHYTPAASGQRVMIKFPTDDQTRPVGSFTNRPLQRLQGRRIEGQIRERLRALLPPYMIPTRIVVLDQMP
VNANGKVDRRELARRAQVAPIRNVASSHVAPRNEIEVVLCEEFADVLGVEVGITDNFFHLGGHSLLATKLAGQLSRR
LDVRVSVKDIFDQPVPADLANKIQINQLRAHTASNGVLPTPESAPFHLLPFEDPRTFVLREISPRLEDCHGRILDVY
PATMTQKTFLQDPVTGHPRTPALFFIDFPPNSDCARLVKTCTALVQHYDIFRTVFFMAAGAFYQVVLEHLDVPIEVV
EIDEDITSATRPSLGMDGQQSLRLGQSLLRIAILKNRESTVRVVLRMSHALYDGLSFEHIVHSLHTLYNGNQLPTPP
KFAQYVQHMINSRKDGYEFWRSVLQNSSMTVVGSASHGRQPKPGADGAWFVEKLINAPFQANIGGITQATVFTTACA
LMLAQETRSRDVLFGRVVSGRQCLPVGCQHIVGPCTNNVPVRVSIDGAATPRELLQEVQDQYINSLPFETLGFDEVR
ENCTDWPDTTINYGCCTVYQNFNIHPESHIQDQRIRLETLARDSRAGKSSECDTALSKGTLDETPIHDVDIAGVPEP
DGLRLRVSIVANRRICEEETVDHMIKELCERILSLNSALQDLSTREMEGI* 
 
 
>Orf4_nt 
ATGGCTCCTCCCATCTTAAGGTCGACAGGGAGACTGATGCTACGATTTGCCAGTTATCGAACCGTAGGTGAGAGACT
TACACTTATGCAAAAACGCCAGCGTCACACCACTGTGACAAAACATCACATCGTCGTTTTGGACAATTATTTCCCAC
ACTATCTTCCTCTCGACTTCGACCACACTATTGAATATCACACCTCCACCCGACCTGACCAGCTTCCTTCTCGCATT
AAAGACTCCACCATTATTATCGTCTCCGACACGCAAATTACCCGTGAGAGCCTTCTTGCTGCTAAAAGACTTCAACT
CGTGGCCACCAATAGCACCGGCACCGATACTATTGACAAGGCCACTCTCAGTGAGCTTGGTATCGCACTGTGTAATG
TTCCTGCGCAAAGCACTGAATCGGTAACCGAACACGCCTTGGCCCTGTATTATGGACTGCGGAGGAACTTGCTGGAG
ATGCACAGGGTGACAGTAGAAGGTAAAGCGTGGACATTGTCTGGAGATACGCAAGCCAGACTGCAGCGTATTGGAAA
GCCGTCTCGAACGAATGCCGAGGAGATAATGGTCGTATTTGGGTATGGAGCTTTAGGCAAGAAAATCGAATCCTTAG
GTAAAGCTCTAGGCATGCAAGTCCTCATCGCCGAACGCAAAGAGGCGTTGGAGACCCGTCCCGGCCGTATGCCTTTC
TTACAATGCCTGAAACCAGGTACTCTCTTCATTATCACAGCACCTCTCACCGAAACCACCCGTGGTATGATAGGTGC
CTCAGAAATCGCTGCTATGGATCCCACTTCCCTCCTGATTAATGTTGGCCGCGGCGGCATTATCGACGAGCTCGCTC
TCGTAAACGCGCTTAGGCAGGGCCTTATCGGCGGCGCTGCGACAGACGTGTATGAAGAGGAACCAGCTACCAAAGTT
AACTCACCGTTGCTTGATCCGTCGATCCCGAATTTGTTGCTTTCGCCGCATATAGCATGGTACTCAAAGCGGACGAT
GGAAAACACGCTGCGTACCCAGAAGGCTAACCTAGAAGGGTTCGTTTCAGGGAGAATGATCAATATTGTGATTCCTC
CCAGCAAGAACAAGAAAGACTAA 
 
 
>Orf4_translation 
MAPPILRSTGRLMLRFASYRTVGERLTLMQKRQRHTTVTKHHIVVLDNYFPHYLPLDFDHTIEYHTSTRPDQLPSRI
KDSTIIIVSDTQITRESLLAAKRLQLVATNSTGTDTIDKATLSELGIALCNVPAQSTESVTEHALALYYGLRRNLLE
MHRVTVEGKAWTLSGDTQARLQRIGKPSRTNAEEIMVVFGYGALGKKIESLGKALGMQVLIAERKEALETRPGRMPF
LQCLKPGTLFIITAPLTETTRGMIGASEIAAMDPTSLLINVGRGGIIDELALVNALRQGLIGGAATDVYEEEPATKV
NSPLLDPSIPNLLLSPHIAWYSKRTMENTLRTQKANLEGFVSGRMINIVIPPSKNKKD* 
 
 
>Orf5_nt 
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ATGGGGTTCAAGGAGATCGAGGTTGGGTTTCCAGGTGCATCAGACACTGACTTCCAGTTCACGCGCAAATGCGCAAC
CGACGCTCCATCTGACGTGTGGCTCGAGGTCATGACGCCGTGTCGTAAGGACTTCATCCACCGCACGGTTGAGAGCG
TGGCCGGGGCTAGCAAGGTTATCATCAGTTTGTACATTGCGACTAGCGATAACTTCATCGATACCGTCTTCAACACT
ACACGAGAGAACCAGCTCCGCACCGCGGTCGAGCACGCTGCCTACTTGAAATCCATCACGAAGGACGACCCGGCACA
CAAGGAAACGACATGGACCCTCATGTGGAGCCCCGAGACTTTCTCTGACACTGACCCTGACTTTGCTGTTGAGATCT
GCCGTGCGGTCAAAGAGATATGGCAGCCAAATCCTTCGGTTCCCATCATCCTCAATCTCCCGAATACTGTCGAAATC
TCGATGCCAAACATATACGCTGACCAGGTCGAATTATTCTGCCGTAGCTTTGCCGACGACGATACGGTCTGCGTCTC
AATTCACGCACACAATGATCGCGGCTGTGCAGTAGCAGCGAGCGAACTAGCACAGCTTGCTGGAGCATCGAGGGTTG
AGGGTTGTCTTTTTGGCAACGGAGAGCGCACGGGTAATGTAGACCTCGTAACACTGGCGTTGAACATGTACACACAA
GGCATCGACCCTGGTCTTGACCTCTCGGACCTTCCCGGCATTCGCAAGACAGTCGAGGAGTTGACACAGATTCCAGT
CCACACTCGTGCGCCATATGCTGGGGACTCTGTCTTCCGCGCATACAGCGGCGGTCATCAGGACGCAATTAGCAAGG
GCTTCAAGAAATGGAAAGCAGATCCTCGTCTGTGGAAAGTCCCCTATCTGCCCATGGACCCGCGCGATATCGGCAGC
TCCTACGAAGCAGTCATTCGCGTAAACTCGCAGAGTGGGAGGGGTGGTATTGCTTGGGTGCTTGAGCGCGGTCTAAA
TCTTGAAGTTCCCAAAGATCTACTGCAGGAGTTTTCCCTGACTGTAAAATCCGAGTCCGAGGCCAAACACCGGGAAC
TCGAAGTTGACGAGATTATTGAACTGTTCCAGGGCAAGCACTGCGCGGATTAG 
 
 
>Orf5_translation 
MGFKEIEVGFPGASDTDFQFTRKCATDAPSDVWLEVMTPCRKDFIHRTVESVAGASKVIISLYIATSDNFIDTVFNT
TRENQLRTAVEHAAYLKSITKDDPAHKETTWTLMWSPETFSDTDPDFAVEICRAVKEIWQPNPSVPIILNLPNTVEI
SMPNIYADQVELFCRSFADDDTVCVSIHAHNDRGCAVAASELAQLAGASRVEGCLFGNGERTGNVDLVTLALNMYTQ
GIDPGLDLSDLPGIRKTVEELTQIPVHTRAPYAGDSVFRAYSGGHQDAISKGFKKWKADPRLWKVPYLPMDPRDIGS
SYEAVIRVNSQSGRGGIAWVLERGLNLEVPKDLLQEFSLTVKSESEAKHRELEVDEIIELFQGKHCAD* 
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Strucutural characterization of compound 1. 

High-resolution mass spectrometry (Bruker qTOF maxis 3G): 
Found: 592.91764 (M+H2+); calc. for C63H109N9O12+H: 592.9171. 

Table S2. 1H and 13C assignments for compound 1 

Aminoacid NH, 
(N-CH3 ), 
[13C], ppm 

α-H, 
 [13C] 
ppm 

β-H, 
[13C] 
ppm 

γ-H, 
[13C] 
ppm 

δ-H, 
[13C] 
ppm 

ε-H, 
[13C] 
ppm 

C=O 
[13C] 
ppm 

2-Hydroxy-5-methyl 
hexanoic acid [1] 

5.26, 
[71.8] 

1.74, 
1.68 
[28.8] 

1.34, 
1.28 
[33.6] 

1.55 
[27.9]* 

0.8-0.9 
[23.1, 
23.0]** 

[169.9] 

Pipecolic acid [2] 5.01 
[52.2] 

2.26, 
1.33 
[24.8] 

1.61, 
1.34 
[20.8] 

1.70, 
1.34 
[25.5] 

4.07, 
2.98 
[43.5] 

[169.6] 

2-Amino-5-methyl 
hexanoic acid [3] 

6.68 4.50 
[51.4] 

1.66, 
1.50 
[26.2] 

1.34 
[35.6] 

1.55 
[27.7]* 

0.8-0.9 
[22.9, 
22.8]** 

[170.9] 

5-Methyl-
2(methylamino)hexanoic 
acid [4] 

(2.77) 
[29.4] 

5.19 
[53.4] 

1.73, 
1.45 
[26.2] 

1.00, 
0.96 
[34.4] 

1.55 
[27.6]* 

0.8-0.9 
[22.9, 
22.6]** 

[169.7] 

N-Methyl Threonine [5] (2.79) 
[29.8] 

5.20 
[57.6] 

3.86 
[64.3] 

1.05 
[20.6] 
OH:4.55 

[170.1] 

Pipecolic acid [6] 4.70 
[52.4] 

1.77, 
1.68 
[25.1] 

1.61, 
1.50 
[18.0] 

1.74, 
1.61 
[22.9] 

3.97, 
3.61 
[41.9] 

[172.4] 

5-Methyl-
2(methylamino)hexanoic 
acid [7] 

(2.55) 
[28.1] 

4.63 
[59.9] 

 1.94, 
1.55 
[25.9] 

1.15, 
0.96 
[34.9] 

1.55 
[27.6]* 

0.8-0.9 
[22.6, 
22.3]** 

[169.3] 

Alanine [8] 8.78 4.91 
[45.2] 

1.19 
[18.3] 

[171.8] 

Pipecolic acid [9] 5.36 
[49.4] 

1.89, 
1.38 
[26.1] 

2.17, 
1.57 
[20.2] 

1.45 
[26.4] 

3.81, 
1.91 
[43.5] 

[171.1] 

N-Methyl-Isoleucine 
[10] 

(2.63) 
[29.2] 

4.96 
[58.3] 

1.81 
[33.5] 

CH2 
1.19, 
0.93 
[23.6] 

0.79 
[10.4] 

γ-CH3 
0.83 
[15.2] 

[171.7] 

NMR spectra were recorded in d6-DMSO on a Bruker AV-III-600 NMR spectrometer (Fällanden, 
Switzerland) using a 1.7 mm TXI Cryoprobe. All assignments are based on chemical shifts and homo- 
and hetero nuclear correlations. 

* 5-Methyl-(2-x)-hexanoicacid , position δ-CH,  shifts interchangeable
**5-Methyl-(2-x)-hexanoicacid , position ε-CH3,  shifts interchangeable 
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