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Supplementary Table 1: Promoters

Regulator Promoter  DNA sequence? Sourceb
ACUR Pacu CGCTAGCAAGTAAGGCCGACGCTTCACAACCGCACTTGAT TTAATAGACCATACCGTCTATTATTTCTGGCCAT 1-2
AraCE PeAD AGAAACCAATTGTCCATATTGCATCAGACATTGCCGTCACTGCGTCTTTTACTGGCTCTTCTCGCTAACCAAACCGGTA 3
ACCCCGCTTATTAAAAGCATTCTGTAACAAAGCGGGACCAAAGCCATGACAAAAACGCGTAACAAAAGTGTCTATAATC
ACGGCAGAAAAGTCCACATTGATTATTTGCACGGCGTCACACTTTGCTATGCCATAGCATTTTTATCCATAAGATTAGC
GGATCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCG
AraCE PBADA30 ATTGCCGTCACTGCGTCTTTTACTGGCTCTTCTCGCTAACCARACCGGTAACCCCGCTTATTARRAGCATTCTGTAACE Rational
AAGCGGGACCAAAGCCATGACAAAAACGCGTAACAAAAGTGTCTATAATCACGGCAGAAAAGTCCACATTGATTATTTG
CACGGCGTCACACTTTGCTATGCCATAGCATTTTTATCCATAAGATTAGCGGATCCTACCTGACGCTTTTTATCGCAAC
TCTCTACTGTTTCTCCATACCCG
AraCE PBADA135 ACGTAACAAAAGTGTCTATAATCACGGCAGARAAGTCCACATTGATTATTTGCACGGCGTCACACTTTGCTATGCCATA Rational
GCATTTTTATCCATAAGATTAGCGGATCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCG
AraCE PBADNOCRP AGAAACCAATTGTCCATATTGCATCAGACATTGCCGTCACTGCGICTTTTACTGGCTCTTCTCGCTAACCARACCGETA Rational
no ACCCCGCTTATTAAAAGCATTCTGTAACAAAGCGGGACCAAAGCCATGACAAAAACGCGTAACAARAGTGTCTATAATC
ACGGCAGAAAAGTCCACAATGTTGCGTTTCCTCGATCTTCTAACCGCACCCCCATAGCATTTTTATCCATAAGATTAGC
GGATCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCG
AraCE PBADMIN TAGCATTTTTATCCATAAGATTAGCGGATCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTICTCCATACCCG  Rational
Betl Phet AGCGCGGGTGAGAGGGATTCGTTACCAATAGACAATTGATTGGACGTTCAATATAATGCTAGC 45
CinR Pci CCCTTTGTGCGTCCAAACGGACGCACGGCGCTCTAAAGCGGGTCGCGATCTTTCAGATTCGCTCCTCGCGCTTTCAGTC {GEM RO078
in TTTGTTTTGGCGCATGTCGTTATCGCAAAACCGCTGCACACTTTTGCGCGACATGCTCTGATCCCCCTCATCTGGGGGE
GCCTATCTGAGGGAATTTCCGATCCGGCTCGCCTGARCCATTCTGCTTTCCACGAACTTGARAACGCT
CymR GAAATCATAAAAAATTTATTTGCTTTCAGGAAAATTTTTCTGTATAATAGAT TCAACAAACAGACAATCTGGTCTGTTT . 6
y Pcymr GTATTAT — e Rational
PeymRA GARATCATCAGAACTTTATTTTCTTTCAGGARAATTTTTCTGIATAATAGATTCAACAAACAGACAATCTGGTCTGTTT Rational
ym GTATTAT
PcymRa AACAAACAGACAATCTGGTCTGTTTGTATTATTTTCTTTCAGGAAAATTTTTCTGTATAATAGATTCAACARACAGACA Rational
ym ATCTGGTCTGTTTGTATTAT
PeymRC AACAAACAGACAATCTGGTCTGTTTGTATTATGGAAAATTTTTCTGTATAATACATTCAACARACAGACAATCTGETCT Rational
ym GTTTGTATTAT
Lacl Prac TGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTGTGAGCGCTCACAATT 4,7
PT5Laco AATCATAARAAATTTATTTGCTTTGTGAGCGGATAACAATTATAATAGATTCAATTGTGAGCGGATAACAATT pQE (c)
P4 AATTGTGAGCGGATAACAATTGACTTGTGAGCGGATAACAATGATACTTCGTGC 8
LuxR PlLux ACCTGTAGGATCGTACAGGTTTACGCAAGAAAATGGTTTGTTATAGTCGAATARA 9
PLuxA ACCTGTAGGATCGTACAGGTTTACGCAAGAAAATGGTTTGTTATTGTCGAATARA Rational
PLuxB ACCTGTAGGATCGTACAGGTTTACGCAAGAAAATGGTTTGTTACAGTCGAATARA Rational
PLuxt ACCTGTAGGATCGTACAGGTTTACGCAAGAAAATGGTTTGTTACT TTCGAATAARA 9
MphR Phiph GGATTGAATATAACCGACGTGACTGTTACATTTAGGTGGCTARACCCGTCAA 1,10
NahR Psal GGGGCCTCGCTTGGGTTATTGCTGGTGCCCGGCCGGGCGCAATATTCATGTTGATGATTTATTATATATCGAGTGGTGT 11
a ATTTATCAATATTGTTTGCTCCGTTATCGTTATTAAC
PsaTtc GGGGCCTCGCTTGGGTTATTGCTGGTGCCCGGCCGGGCGCAATATTCATGTTGATGATTTATTATATATCCAGTGGTGT Eyolved
2 ATTTATTTATATTGTTTGCTCCGTTACCGTTATTAAC
Pah ACATGACTACTTCAGACGATTCGCAGTATTCACGCTGGTGATAAACAAATTCAACTATGCTTTATTGACAAATAAAAGC 11-12
ACGCTCACCATCATCGCGAATAC
PcaU Pags TTTTGTTCGATTATCGAACAAATTATTGAAATATCGAACAAAACCTCTAAACTACTGTGGCACTGAATCAAAAAATTAT 13
AAACAATGATCAGA
Pagsa TTTTGTTCGATTATCGAACAAATTATTGAAATATCGAACAAAACCTCTARACTACTGIGGCACTGAATCARARRATTAT Rational
AAACTATGATCAGA
Pagss TTTTGTTCGATTATCGAACAAATTATTGARATATCGAACARAACCTCTARACTACTGTGGCACTGAATCARARAATTAT Rational
AAACCATGATCAGA
Paasc TTTTGTTCGATTATCGAACARATTATTGARATATCGAACARAACCTCTARACTACTGTGGCACTGAATCARARAATTAT Rational
AAACCCTGATCAGA
PhIE PrhiF CGACGTACGGTGGAATCTGATTCGTTACCAAT TGACATGATACGAAACGTACCGTATCGTTAAGGT 5
TetR Pret TTTTCAGCAGGACGCACTGACCTCCCTATCAGTGATAGAGAT TGACATCCCTATCAGTGATAGAGATACTGAGCAC g
Pbis TACAACGTCGTGTTAGCTGCCTTTCGTCTTCAATAATTCTTGACATCCCTATCAGTGATAGAGATACTTGAATA 8



Pp79 TACAACGTCGTGTTAGCTAGCCTTTCGTCTTCAATAATTCTTAGACATCCCTATCAGTGATAGAGATACTTGAATA 8

TetR PTetR TCCCTATCAGTGATAGAGATTGACATCCCTATCAGTGATAGATATAATGAGCAC 5

Tth PTtg CACCCAGCAGTATTTACAAACAACCATGAATGTAAGTATATTCCTTAGCAA 1,14

VanR PVan ATTGGATCCAATTGACAGCTAGCTCAGTCCTAGGTATAATTGGATCCAAT 15
PVanCC ATTGGATCCAATTGACAGCTAGCTCAGTCCTAGGTACCATTGGATCCAAT Evolved

SrpR PSrpR GATTCGTTACCAATTGACAGCTAGCTCAGTCCTAGGTATATACATACATGCTTGTTTGTTTGTAAAC 5

o70 PLacl GCGGCGCGCCATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCC E. coli genome
PLacIQ GCGGCGCGCCATCGAATGGTGCAAAACCTTTCGCGGTATGGCATGATAGCGCCC RationallG
PLacIR GCGGCGCGCCATCGAATGGTGAAAAACCTTTCGCGGTATGGCATGATAGCGCCC Rational
Pj23101 TTTACAGCTAGCTCAGTCCTAGGTATTATGCTAGC iGEM J23101
P323100 TTGACGGCTAGCTCAGTCCTAGGTACAGTGCTAGC iGEM J23100
P323119 TTGACAGCTAGCTCAGTCCTAGGTATAATGCTAGC iGEM J23119

a) -35 box, -10 box, and +1 are underlined. Operators are shown in bold. Evolved or rational point mutations are shown in blue.

b) Rational mutations were made by altering the -10 box, adding or eliminating operators, or (where noted) inspired by previous work.
Evolved mutations arose during selection.

c) Qiagen (Hilden, Germany)

Supplementary Table 2: Insulators

Insulator DNA sequence Source
RiboJ AGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACGARACAGCCTCTACAAATAATTTTGTTTAA 17
RiboJ10 AGCGCTCAACGGGTGTGCTTCCCGTTCTGATGAGTCCGTGAGGACGAAAGCGCCTCTACAAATAATTTTGTTTAA 4
RiboJ51 AGTAGTCACCGGCTGTGCTTGCCGGTCTGATGAGCCTGTGAAGGCGARACTACCTCTACAAATAATTTTGTTTAR 4
RiboJ53 AGCGGTCAACGCATGTGCTTTGCGTTCTGATGAGACAGTGATGTCGAAACCGCCTCTACAAATAATTTTGTTTAR 4

BydvJ AGGGTGTCTCAAGGTGCGTACCTTGACTGATGAGTCCGAAAGGACGAAACACCCCTCTACARATAATTTTGTTTAR 4

ElvJ AGCCCCATAGGGTGGTGTGTACCACCCCTGATGAGTCCAAAAGGACGAAATGGGGCCTCTACARATAATTTTGTTTAA 4

Supplementary Table 3: RBSs

Protein RBS DNA sequence? SourceP
AcuR acul GGAAGAGAGTCAATTCAGGGTGGTGAAT E. coli genome
acu2 GGAAGAGAGTCAATTCAGGGAGGTGAAT Evolved
AraC aral GGAAGAGAGTCAATTCAGGGTGGTGAAT E. coli genome
ara2 GGATCCCAATGATGTGGGGTCCCGCTTTCAAGGAGGTAAAT RBS calculatorl?: 18
AraE el TAAGATCCTATTCCAGCGGGATTAAAGAGGAGCGATTAAGC Evolved
Betl betl GGAAGAGAGTCAATTCAGGGTGGTGAAT E. coli genome
bet2 GGAAGAGAGTCAATTCACGGGGGTGAAT Evolved
bet3 GGAAGAGAGTCATTCATGGAGGTGAAT rational
bet4 GGAAGAGAGTCAATTCACGGAGGTGAAT rational
CinR cinl GGAAGAGAGTCAATTCAGGGTGGTGAAT E. coli genome
cin2 AGGTCCGAGACGCCCGTCAACGGAGAACGGCGA RBS calculatorl? 18
CymR cyml GGAAGAGAGTCAATTCAGGGTGGTGAAT E. coli genome
CymR cym2 AATGGAATATTCATAGTAAATACCAAACGGAGATTCTT rational



12,18

cym3 AATGGAATATTCATAGTAAATACCAAACGGATATTCTT RBS calculator
Lacl lacl GGAAGAGAGTCAATTCAGGGTGGTGAAT E. coli genome
lac2 GGAAGAGAGTCAATTCATGGAGGTGAAT Rational
lac3 GGAAGAGAGTCAATTCAGGGTAGAGAAC Rational
lac4 GGAAGAGAGTCAATTCAGGGTAGAGAAT Rational
lac5 GGAAGAGAGTCAATTCAGGGCGGTGAAT Rational
LuxR lux1 GGAAGAGAGTCAATTCAGGGTGGTGAAT E. coli genome
lux2 AGGTACTACGCGAGGACTTAAGCCTTTCGGAGGGGCAGA RBS calculatorl2: 18
MphR mprl GGAAGAGAGTCAATTCAGGGTGGTGAAT E. coli genome
mph2 GGAAGAGAGTCAATTTAGGGAGGTGAAT evolved
mph3 GGAAGAGAGTCAATTCAGGGAGGTGAAT Rational
NahR nahl GGAAGAGAGTCAATTCAGGGTGGTGAAT E. coli genome
nah2 GGAAGAGAGTCAATTCATGGGGGTTGAAT Evolved
nah3 ACCCCCTATAAGARAAAGACTTAACTATCC RBS calculator'2: 18
PcauU pcal GGAAGAGAGTCAATTCAGGGTGGTGAAT E. coli genome
pca2 GGAAGAGAGTCAATTCAGGGAGGTGAAT Evolved
pca3 CGCTTACAATAGACGAACAATARAGGAGGAATTAACCG Rational
pcasd CGCTTACAATAGACGAACAATTAAGGAGAAATTAACCG RBS calculatorl? 18
PhIF phll GGAAGAGAGTCAATTCAGGGTGGTGAAT E. coli genome
phl2 GGAAGAGAGTCAATTCATGGGGGTGAAT Evolved
phi3 CTATGGACTATGTTTGARAGGGAGAAATACTAG 4
phl4 GGAAGAGAGTCAATTCAAGGGGGTGAAT Rational
phl5 GGAAGAGAGTCAATTCAAGGTGGTGAAT Rational
phl6 CTATGGACTATGTTTGAAAGGGATACATACTAG Rational
TetR tetl GGAAGAGAGTCAATTCAGGGTGGTGAAT E. coli genome
tet2 GTAATAATCAAGGTGGCAAAAR Rational
tet3 GTAATAATCCAGGAGGAAARAA RBS calculator'2: 18
tet4 GTAATAATCCGGGAGGCAAAAA Rational
TtgR ttgl GGAAGAGAGTCAATTCAGGGTGGTGAAT E. coli genome
ttg2 GGAAGAGAGTCAATTCAGGGAGGTGAAT Rational
ttg3 TTACGAATTAGATAAGTAGGTAAAAC Rational
ttg4 TTACGAATTAGATAAGAAGGTAAAAC RBS calculatorl?: 18
VanR vanl GGAAGAGAGTCAATTCAGGGTGGTGAAT E. coli genome
van2 GGAAGAGAGTCAATTCAGGGGGGTGAATA Evolved
van3 GCTTAAACTAACGAACGTAAATAAGGAGGATAGAC RBS calculatorl?: 18
van4d GCTTCAGGGCGGTGAATA Rational
van5 GCTTTAAGGAGGTGAATA Rational
EryR eryl TAATATTGAAAAAGGAAGAGT 1
YFP BBa_B0064 TACTAGAGAARGAGGGGAAATACTAG iGEM BBa_B0064
PheS BBa_B0064 TACTAGAGAAAGAGGGGAAATACTAG iGEM BBa_B0064
KOD BBa_B0064 TACTAGAGAAAGAGGGGARATACTAG iGEM BBa_B0064



PK6 BBa_B0064 TACTAGAGAAAGAGGGGARATACTAG iGEM BBa_B0064
SrpR srpl GAGTCTATGGACTATGTTTTCACAGAGGAGGTACCAGG 4

Crtl crtl ATAACAAACTTTGACTGTAGGGCGTATTTCCTACGGAAGGAGGTAGAC 19

CrtB crt2 AAATTTAATGATGAGCGAAAAACCCTTAACTCCTACTAAGGAGGAACGAC 19

Crte crt3 TCACACTATACTACATGAGAAGGAGGTTAAGGAAGGGATAR 19

Idi idil ATTCCTGGTAGTTTATACTCGTTTAGTTACAATAAGTAGGAGGTTTTTA RBS calculator!? 18
Dxs dxsl CTAAATATTTACATTAGACACATAGGAGGTTAACA RBS calculator!? 18

a) Evolved or rational point mutations are shown in blue.

b) Rational mutations were made by altering the Shine-Dalgarno sequence (bold). See Methods. Evolved mutations arose during

selection. The RBS Calculator was used to design RBSs de novo.

Supplementary Table 4: Proteins

Protein

Amino acid sequence?

Source®

AcuR

AcuRAM

AraC

AraCAM

AraE

Betl

Bet/AM

CinR

CinRAM

CymR

CymRAM

Lacl

LaclAM

LuxR

MphR

MPLTDTPPSVPQKPRRGRPRGAPDASLAHQSLIRAGLEHLTEKGYSSVGVDEILKAARVPKGSFYHYFRNKADFGLALIEAYDTYFARLLDQA
FLDGSLAPLARLRLFTRMAEEGMARHGFRRGCLVGNLGQEMGALPDDFRAALIGVLETWQRRTAQLFREAQACGELSADHDPDALAEAFWIGW
EGAILRAKLELRPDPLHSFTRTFGRHFVTRTQE

MPLTDTPPSVPQKPRRGRPRGAPDASLAHQSLIRAGLEHLTEKGYSSVGVDEILKAARVPKGSFYHYFRNKADFGLALIKAYDTYFARLLDQA
FLDGSLAPLARLRLFTRMAEEGMARHGFRRGCLVGNLGQEMGALPDDFRAALIGVLETWQHRTAQLFREAQACGELSADHDPDALAEAFWIGW
EGAILRAKLELRPDPMHSFTRTFGRHEVTRTQE

MAEAQNDPLLPGYSFNAHLVAGLTPIEANGYLDFFIDRPLGMKGYILNLTIRGQGVVKNQGREFVCRPGDILLFPPGEIHHYGRHPEAREWYH
QWVYFRPRAYWHEWLNWPSIFANTGFFRPDEAHQPHFSDLFGQIINAGQGEGRYSELLAINLLEQLLLRRMEAINESLHPPMDNRVREACQY I
SDHLADSNFDIASVAQHVCLSPSRLSHLFRQQLGISVLSWREDQRISQAKLLLSTTRMPIATVGRNVGFDDQLYFSRVFKKCTGASPSEFRAG
CEEKVNDVAVKLS

MAEAQNDPLLPGYSFNAHLVAGLTPIEANGYLDFFIDRPLGMKGYILNLTIRGQGVVKNQGREFVCRPGDILLFPPGEIHHYGRHPEAREWYH
QWVYFRPRAYWHEWLNWPSIFANTGFFRPDEAHQPHFSDFFGQIINAGQGEGRYSELLAINLLEQLLLRRMLAINGSLHPPMDNRVREACQY I
SDHLADSNFDIASVAQHVCLSPSRLSHLFRQQLGISVLSWREDQRISQAKLLLSTTRMPIATVGRNVGFDDQLYFSRVFKKCTGASPSEFRAG
LEEKVNDVAVKLS

MVTINTESALTPRSLRDTRRMNMEFVSVAAAVAGLLFGLDIGVIAGALPFITDHFVLTSRLOQEWVVSSMMLGAAIGALFNGWLSFRLGRKYSLM
AGAILFVLGSIGSAFATSVEMLIAARVVLGIAVGIASYTAPLYLSEMASENVRGKMISMYQLMVTLGIVLAFLSDTAFSYSGNWRAMLGVLAL
PAVLLIILVVFLPNSPRWLAEKGRHIEAEEVLRMLRDTSEKAREELNEIRESLKLKQGGWALFKINRNVRRAVFLGMLLQAMQQFTGMNIIMY
YAPRIFKMAGFTTTEQQMIATLVVGLTFMFATFIAVFTVDKAGRKPALKIGFSVMALGTLVLGYCLMQFDNGTASSGLSWLSVGMTMMCIAGY
AMSAAPVVWILCSEIQPLKCRDFGITCSTTTNWVSNMIIGATFLTLLDSIGAAGTFWLYTALNIAFVGITFWLIPETKNVTLEHIERKLMAGE
KLRNIGV

MPKLGMQSIRRRQLIDATLEAINEVGMHDATIAQIARRAGVSTGIISHYFRDKNGLLEATMRDITSQLRDAVLNRLHALPQGSAEQRLQAIVG
GNFDETQVSSAAMKAWLAFWASSMHQPMLYRLQQVSSRRLLSNLVSEFRRELPREQAQEAGYGLAALIDGLWLRAALSGKPLDKTRANSLTRH
FITQHLPTD

MPKLGMQSIRRRQLIDATLEAINEVGMHDATIAQIARRAGVSTGIISHYFRDKNGLLEATMRDITSQLRDAVLNRLHALPQGSAEQRLQAIVG
GNFDETQVSSAAMKAWLAFWAISMHQPMLYRLQOQVSSRRLLSNLVSEFRRELPREQAQEAGYGLAALIDGLWLRAALSGKPLDKTRANSLTRH
FITQHLPTD

MIENTYSEKFESAFEQIKAAANVDAAIRILQAEYNLDFVTYHLAQTIASKIDSPFVRTTYPDAWVSRYLLNSYVKVDPIVKQGFERQLPFDWS
EVEPTPEAYAMLVDAQKHGIGGNGYSIPVADKAQRRALLSLNARIPADEWTELVRRCRNEWIEIAHLTIHRKAVYELHGENDPVPALSPREIEC
LHWTALGKDYKDISVILGISEHTTRDYLKTARFKLGCATISAAASRAVQLRIINP

MIENTYSEKFESAFEQIKAAANVDAAIRILOAEYNLDEVTYHLAQTIASKIDSPFVRTTYPDAWVSRYLLNCYVKVDPIIKQGFERQLPFDWS
EVEPTPEAYAMLVDAQKHGIDDNGYSIPVADKAQRRALLSLNAHIPADEWTELVRRCRNEWIEIAHLTIHRKAVYELHGENDPVPALSPREIEC
LHWTALGKDYKDISVILGISEHTTRDYLKTARFRLGCTTISAAASRAVQLRIINPYRIRMTRRNW

MSPKRRTQAERAMETQGKLIAAALGVLREKGYAGFRIADVPGAAGVSRGAQSHHFPTKLELLLATFEWLYEQITERSRARLAKLKPEDDVIQQ
MLDDAAEFFLDDDFSISLDLIVAADRDPALREGIQRTVERNRFVVEDMWLGVLVSRGLSRDDAEDILWLIFNSVRGLAVRSLWQKDKERFERV
RNSTLEIARERYAKFKR

MSPKRRTQAERAMETQGKLIAAALGVLREKGYAGFRIADVPGAAGVSRGAQSHHFPTKLELLLATFEWLYEQITERSRARLAKLKPEDDVIQQ
MLDDAAEFFLDDDFSIGLDLIVAADRDPALREGIQRTVERNREVVEDMWLGVLVSRGLSRDDAEDILWLIFNSVRGLVVRSLWQKDKERFERV
RNSTLEIARERYAKFKR

MKPVTLYDVAEYAGVSYQTVSRVVNQASHVSAKTREKVEAAMAELNYIPNRVAQQLAGKQSLLIGVATSSLALHAPSQIVAAIKSRADQLGAS
VVVSMVERSGVEACKAAVHNLLAQRVSGLIINYPLDDQDAIAVEAACTNVPALFLDVSDQTPINSIIFSHEDGTRLGVEHLVALGHQQIALLA
GPLSSVSARLRLAGWHKYLTRNQIQPIAEREGDWSAMSGFQQTMQOMLNEGIVPTAMLVANDQMALGAMRAITESGLRVGADISVVGYDDTEDS
SCYIPPLTTIKQDFRLLGQTSVDRLLOLSQGQAVKGNQLLPVSLVKRKTTLAPNTQTASPRALADSLMQLARQVSRLESGQ

MKPVTLYDVAEYAGVSYMTVSRVVNQASHVSAKTREKVEAAMVELNY I PNRVAQQLAGKQSLLIGVATSSLALHAPSQIVAATKSRADQLGAS
VVVSMVERSGVEACKAAVHNLLAQRVSGLIINYPLDDQDAIAVEAACTNVPALFLDVSDQTPINSIIYSHEDGTRLGVEHLVALGHQQTALLA
GPLSSVSARLRLAGWHKYLTRNQIQPIAEREGDWSAMSGFQQTMOMLNEGIVPTAMLVANDQMALGAMRAITESGLRVGADISVVGYDDTEDS
SCYIPPLTTIKQDFRLLGQTSVDRLLOLSQGQAVKGNQLLPVSLVKRKTTLAPNTQTASPRALADSLMQLARQVSRLESGQ

MKNINADDTYRIINKIKACRSNNDINQCLSDMTKMVHCEYYLLAIIYPHSMVKSDISILDNYPKKWRQYYDDANLIKYDPIVDYSNSNHSPIN
WNIFENNAVNKKSPNVIKEAKTSGLITGFSFPIHTANNGFGMLSFAHSEKDNYIDSLFLHACMNIPLIVPSLVDNYRKINIANNKSNNDLTKR
EKECLAWACEGKSSWDISKILGCSERTVTFHLTNAQMKLNTTNRCQSISKAILTGAIDCPYFKN

MPRPKLKSDDEVLEAATVVLKRCGPIEFTLSGVAKEVGLSRAALIQRFTNRDTLLVRMMERGVEQVRHYLNATIPIGAGPQGLWEFLQVLVRSM
NTRNDFSVNYLISWYELQVPELRTLAIQRNRAVVEGIRKRLPPGAPAAAELLLHSVIAGATMQWAVDPDGELADHVLAQIAATILCLMFPEHDD
FQLLQAHA

Addgene 62569t

Evolved

Evolved

Addgene 189873

Evolved

iGEM C007720-21

Evolved

Evolved

Evolved

Addgene 62570t




MphRAM

NahR

NahRAM

PcaU

PcaUAM

PhIF

PhIFAM
TetR
TtgR
TtgRAM
VanR
VanRAM
Ery
YFP

PheS

KOD

PK6

SrpR

Crtl

CrtB

MPRPKLKSDDEVLEAATVVLKRCGPIEFTLSGVAKEVGLSRAALIQRFTNRDTLLVRMMERGVEQVRHYLNAIPIGAGPQGLWEFLQVLVRSM
DTRNDFSVNYLISWYELQVPELRTLAIQRNRAVVEGIRKRLPPGAPAAAELLLHSVIAGATMQWAVDPDGELADHVLAQIAATILCLMFPEHDD
FQLLQAHA

MELRDLDLNLLVVENQLLVDRRVSITAENLGLTQPAVSNALKRLRTSLODPLFVRTHQGMEPTPYAAHLAEPVTSAMHALRNALQHHESFDPL
TSERTFTLAMTDIGEIYFMPRLMDVLAHQAPNCVISTVRDSSMSLMQALONGTVDLAVGLLPNLOQTGFFQRRLLONHYVCLCRKDHPVTREPL
TLERFCSYGHVRVIAAGTGHGEVDTYMTRVGIRRDIRLEVPHFAAVGHILQRTDLLATVPIRLADCCVEPFGLSALPHPVVLPEIAINMFWHA
KYHKDLANIWLRQLMFDLETD

MELRDLDLNLLVVENQLLVDRRVSVTAENLGLTQPAVSNALKRLRTSLQDPLFVRTHQGMEPTPYAAHLAEHVTSAMHALRNALQHHESFDPL
TSERTFTLAMTDIGEIYFMPRLMDALAHQAPNCVISTVRDSSMSLMOALONGTVDLAVGLLPNLOTGFFORRLLONHYVCLCRKDHPVTREPL
TLERFCSYGHVRVIAAGTGHGEVDTYMTRVGIRRDIRLEVPHFAAVGHILQRTDLLATVPICLADCCVEPFGLSALPHPVVLPETIATINMFWHA
KYHKDLANIWLRQLMFDLFTD

MWSNMDDKKVKEEKILHNSTNKKIIRHEDFVAGISKGMAILDSFGTDRHRLNITMAAEKTGMTRAAARRHLLTLEYLGYLESDGHYFYLTPKI
LKFSGSYLGGAQLPKISQPLLNLLTTQTSLIYSVMVLDGYEAITIARSAAHQQTDRVNPYGLHLGNRLPAHATSAGKILLAYLDDHAQQOEWLN
QYPLORLTKYTYTNNIDFLRLLSEIKEQGWCYSSEEHELGVHALAVPIYGQQSRVVAALNIVSPTMRTTKEYLIQHILPLLQETARELRNIL

MWSNMDDKKVKEENILHNSTNKKIIRHEDFVAGISKGMAILDSFGTDRHRLNITMAAEKTGMTRAAARRHLLTLEYLGYLESDGHYFYLTPKI
LKFSGSYLGGAQLPKISQPLLNLLTTQTSLIYSVMVLDGYEAITIARSAAHQQTDRVNPYGLHLGNRLPAHTTSAGKILLAYLDDHAQQEWLN
QYPLORLTKYTYTNHIDFLRLLSEIKEQGWCYSSEEHELGVHALAVPIYGQQSRVVAALNIVSPTMRTTKEYLIQHILPLLOETARELRNIL

MARTPSRSSIGSLRSPHTHKAILTSTIEILKECGYSGLSIESVARRAGASKPTIYRWWTNKAALIAEVYENESEQVRKFPDLGSFKADLDFLL
RNLWKVWRETICGEAFRCVIAEAQLDPATLTQLKDQFMERRREMPKKLVENAISNGELPKDTNRELLLDMIFGFCWYRLLTEQLTVEQDIEEF
TFLLINGVCPGTQR

MARTPSRSSIGSLRSPHTHKAILTSTIEILKECGYSGLSIESVARRAGAGKPTIYRWNTNKAALIAEVYENEIEQVRKFPDLGSFKADLDFLL
HNLWKVWRETICGEAFRCVIAEAQLDPVTLTQLKDQFMERRREIPKKLVEDAISNGELPKDINRELLLDMIFGFCWYRLLTEQLTVEQDIEEF
TFLLINGVCPGTQC

MSRLDKSKVINSALELLNEVGIEGLTTRKLAQKLGVEQPTLYWHVKNKRALLDALATIEMLDRHHTHFCPLEGESWQDFLRNNAKSFRCALLSH
RDGAKVHLGTRPTEKQYETLENQLAFLCQQGFSLENALYALSAVGHFTLGCVLEDQEHQVAKEERETPTTDSMPPLLRQATIELFDHQGAEPAF
LFGLELIICGLEKQLKCESGS

MVRRTKEEAQETRAQIIEAAERAFYKRGVARTTLADIAELAGVTRGAIYWHFNNKAELVQALLDSLHETHDHLARASESEDEVDPLGCMRKLL
LQVFNELVLDARTRRINEILHHKCEFTDDMCEIRQQRQSAVLDCHKGITLALANAVRRGQLPGELDAERAAVAMFAYVDGLIRRWLLLPDSVD
LLGDVEKWVDTGLDMLRLSPALRK

MVRRTKEEAQETRAQIIEAAERAFYKRGVARTTLADIAELAGVTRGAIYWHFNNKAELVQALLDSLHETHDHLARASESEDEVDPLGCMRKLL
LQVFNELVLDARTRRINEILHHKCEFTDDMCEIRQQHQSAVLDCHKGITLTLANVVRRGQLPGELDAERAAVAMFAYVDGLIRRWLLLPDSVD
LLGDVEKWVDTGLDMLRLSPALRK

MDMPRIKPGQRVMMALRKMIASGEIKSGERIAEIPTAAALGVSRMPVRTALRSLEQEGLVVRLGARGYAARGVSSDQIRDAIEVRGVLEGFAA
RRLAERGMTAETHARFVALIAEGEALFAAGRLNGEDLDRYAAYNQAFHDTLVSAAGNGAVESALARNGFEPFAAAGALALDLMDLPAEYEHLL
AAHRQHQAVLDAVSCGDAEGAERIMRDHALAAIRNAKVFEAAASAGAPLGAAWSIRAD

MDMPRIKPGORVMMALRKMIASGEIKSGERIAEIPTAAALGVSRMPVRIALRSLEQEGLVVRLGARGYAARGVSSDQIRDAIEVRGVLEGFAA
RRLAERGMTAETHARFVVLIAEGEALFAAGRLNGEDLDRYAAYNQAFHDTLV GNGAVESALARNGFEPF. GALALDLMDLSAEYEHLL
AAHRQHQAVLDAVSCGDAEGAERIMRDHALAAIRNAKVFEAAASAGAPLGAAWSIRAD

MNEKNIKHSQONFITSKHNIDKIMTNIRLNEHDNIFEIGSGKGHFTLELVKRCNFVTAIEIDHKLCKTTENKLVDHDNFQVLNKDILQFKEFPKN
QSYKIYGNIPYNISTDIIRKIVFDSIANEIYLIVEYGFAKRLLNTKRSLALLLMAEVDISILSMVPREYFHPKPKVNSSLIRLSRKKSRISHK
DKQKYNYFVMKWVNKEYKKIFTKNQFNNSLKHAGIDDLNNISFEQFLSLEFNSYKLENK

MVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFGYGLQCFARYPDHMKLHDFFKSAMPEGY
VQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVY IMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQN
TPIGDGPVLLPDNHYLSYQSALSKDPNEKRDHMVLLEFVTAAGITLGMDELYK

MSHLAELVASAKAAISQASDVAALDNVRVEYLGKKGHLTLOQMTTLRELPPEERPAAGAVINEAKEQVQQALNARKAELESAALNARLAAETID
VSLPGRRIENGGLHPVTRTIDRIESFFGELGFTVATGPEIEDDYHNFDALNIPGHHPARADHDTFWEDTTRLLRTQTSGVQIRTMKAQQPPIR
ITAPGRVYRNDYDQTHTPMFHOMEGLIVDTNISFTNLKGTLHDFLRNFFEEDLQIRFRPSYFPFTEPSAEVDVMGKNGKWLEVLGCGMVHPNV
LRNVGIDPEVYSGFGFGMGMERLTMLRYGVTDLRSFFENDLRFLKQFK

MILDTDYITEDGKPVIRIFKKENGEFKIEYDRTFEPYFYALLKDDSAIEEVKKITAERHGTVVTVKRVEKVQKKFLGRPVEVWKLYFTHPQDV
PATIRDKIREHPAVIDIYEYDIPFAKRYLIDKGLVPMEGDEELKMLAFDIETLYHEGEEFAEGPILMISYADEEGARVITWKNVDLPYVDVVST
EREMIKRFLRVVKEKDPDVLITYNGDNFDFAYLKKRCEKLGINFALGRDGSEPKIQRMGDRFAVEVKGRIHFDLYPVIRRTINLPTYTLEAVY
EAVFGQPKEKVYAEEITTAWETGENLERVARY SMEDAKVTYELGKEFLPMEAQLSRLIGQSLWDVSRSSTGNLVEWFLLRKAYERNELAPNKP
DEKELARRRQSYEGGYVKEPERGLWENIVYLDFRSLYPSIIITHNVSPDTLNREGCKEYDVAPQVGHRFCKDFPGFIPSLLGDLLEERQKIKK
KMKATIDPIERKLLDYRQRAIKILANSYYGYYGYARARWYCKECAESVTAWGREYITMTIKEIEEKYGFKVIYSDTDGFFATIPGADAETVKK
KAMEFLKYINAKLPGALELEYEGFYKRGFFVTKKKYAVIDEEGKITTRGLEIVRRDWSE IAKETQARVLEALLKDGDVEKAVRIVKEVTEKLS
KYEVPPEKLVIHEQITRDLKDYKATGPHVAVAKRLAARGVKIRPGTVISYIVLKGSGRIGDRAIPFDEFDPTKHKYDAEYYIENQVLPAVERI
LRAFGYRKEDLRYQKTRQVGLSAWLKPKGTLE

MILDTDYITEDGKPVIRIFKKENGEFKIEYDRTFEPYFYALLKDDSAIEEVKKITAERHGTVVTVKRVEKVQKKFLGRPVEVWKLYFTHPQDV
PAIRDKIREHPAVIDIYEYDIPFAKRYLIDKGLIPMEGEEELKILAFDIETLYHEGGEFGKGPIIMISYADENEAKVITWKNIDLPYVEVVSS
EREMIKRFLRIIREKDPDIIVTYNGDSFDFPYLAKRAEKLGIKLTIGRDGSEPKMQRIGDMTAVEVKGRIHFDLYPVIRRTINLPTYTLEAVY
EAVFGQPKEKVYAEEITTAWETGENLERVARY SMEDAKVTYELGKEFLPMEAQLSRLIGQSLWDVSRSSTGNLVEWFLLRKAYERNELAPNKP
DEKELARRRQSYEGGYVKEPERGLWENIVYLDFRSLYPSIIITHNVSPDTLNREGCKEYDVAPQVGHRFCKDFPGFIPSLLGHLLEERQKIKT
KMKETQDPIEKILLDYRQKAIKLLANSFYGYYGYARARWYCKECAESVTAWGREYITMTIKEIEEKYGFKVIYSDTDGFFATIPGADAETVKK
KAMEFLKYINAKLPGALELEYEGFYKRGFFVTKKKYAVIDEEGKITTRGLEIVRRDWSE IAKETQARVLEALLKDGDVEKAVRIVKEVTEKLS
KYEVPPEKLVIHEQITRDLKDYKATGPHVAVAKRLAARGVKIRPGTVISYIVLKGSGRIGDRAIPFDEFDPTKHKYDAEYYIENQVLPAVLRI
LEGFGYRKEDLRYQKTRQVGLSAWLKPKGTLE

MARKTAAEAEETRQRIIDAALEVEVAQGVSDATLDQIARKAGVTRGAVYWHFNGKLEVLQAVLASRQHPLELDFTPDLGIERSWEAVVVAMLD
AVHSPQSKQFSEILIYQGLDESGLIHNRMVQASDRFLOYIHQVLRHAVTQGELPINLDLQTSIGVFKGLITGLLYEGLRSKDQQAQIIKVALG
SFWALLREPPRFLLCEEAQIKQVKSFE

MKKTVVIGAGFGGLALAIRLQAAGIPTVLLEQRDKPGGRAYVWHDQGFTFDAGPTVITDPTALEALFTLAGRRMEDYVRLLPVKPFYRLCWES
GKTLDYANDSAELEAQITQFNPRDVEGYRRFLAYSQAVFQEGYLRLGSVPFLSFRDMLRAGPQLLKLQAWQSVYQSVSRFIEDEHLRQAFSFH
SLLVGGNPFTTSSIYTLIHALEREWGVWEPEGGTGALVNGMVKLEFTDLGGEIELNARVEELVVADNRVSQVRLADGRILDTDAVASNADVVNT
YKKLLGHHPVGQKRAAALERKSMSNSLFVLYFGLNQPHSQLAHHTICFGPRYRELIDEIFTGSALADDFSLYLHSPCVTDPSLAPPGCASEFYV
LAPVPHLGNAPLDWAQEGPKLRDRIFDYLEERYMPGLRSQLVTQRIFTPADFHDTLDAHLGSAFSIEPLLTQSAWFRPHNRDSDIANLYLVGA
GTHPGAGIPGVVASAKATASLMIEDLQ

MSQPPLLDHATQTMANGSKSFATAAKLFDPATRRSVLMLYTWCRHCDDVIDDQTHGFASEAAAEEEATQRLARLRTLTLAAFEGAEMQDPAFA
AFQEVALTHGITPRMALDHLDGFAMDVAQTRYVTFEDTLRYCYHVAGVVGLMMARVMGVRDERVLDRACDLGLAFQLTNIARDIIDDAATIDRC

Evolved

Evolved

13,22

Evolved

Evolved

Evolved

15,23

Evolved

Addgene 62570"

24-25



YLPAEWLQDAGLTPENYAARENRAALARVAERLIDAAEPYYISSQAGLHDLPPRCAWAIATARSVYREIGIKVKAAGGSAWDRRQHTSKGEKI
AMLMAAPGQVIRAKTTRVTPRPAGLWQRPV

CrtE MVSGSKAGVSPHREIEVMRQSIDDHLAGLLPETDSQDIVSLAMREGVMAPGKRIRPLLMLLAARDLRYQGSMPTLLDLACAVELTHTASLMLD 19
DMPCMDNAELRRGQPTTHKKFGESVAILASVGLLSKAFGLIAATGDLPGERRAQAVNELSTAVGVQGLVLGQFRDLNDAALDRTPDAILSTNH
LKTGILFSAMLQIVAIASASSPSTRETLHAFALDFGQAFQLLDDLRDDHPETGKDRNKDAGKSTLVNRLGADAARQKLREHIDSADKHLTFAC
PQGGAIRQFMHLWEFGHHLADWSPVMKIA

Idi MQTEHVILLNAQGVPTGTLEKYAAHTADTRLHLAFSSWLEFNAKGQLLVTRRALSKKAWPGVWTNSVCGHPQLGESNEDAVIRRCRYELGVEIT 19
PPESIYPDFRYRATDPSGIVENEVCPVFAARTTSALQINDDEVMDYQWCDLADVLHGIDATPWAFSPWMVMQATNREARKRLSAFTQLK

DXS MSFDIAKYPTLALVDSTQELRLLPKESLPKLCDELRRYLLDSVSRSSGHFASGLGTVELTVALHYVYNTPFDQLIWDVGHQAYPHKILTGRRD 19
KIGTIRQKGGLHPFPWRGESEYDVLSVGHSSTSISAGIGIAVAAEKEGKNRRTVCVIGDGAITAGMAFEAMNHAGDIRPDMLVILNDNEMSIS
ENVGALNNHLAQLLSGKLYSSLREGGKKVFSGVPPIKELLKRTEEHIKGMVVPGTLFEELGFNYIGPVDGHDVLGLITTLKNMRDLKGPQFLH
IMTKKGRGYEPAEKDPITFHAVPKFDPSSGCLPKSSGGLPSYSKIFGDWLCETAAKDNKLMAITPAMREGSGMVEFSRKFPDRYFDVAIAEQH
AVTFAAGLAIGGYKPIVAIYSTFLORAYDQVLHDVAIQKLPVLFAIDRAGIVGADGQTHQGAFDLSYLRCIPEMVIMTPSDENECRQMLYTGY
HYNDGPSAVRYPRGNAVGVELTPLEKLPIGKGIVKRRGEKLAILNFGTLMPEAAKVAESLNATLVDMRFVKPLDEALILEMAASHEALVTVEE
NAIMGGAGSGVNEVLMAHRKPVPVLNIGLPDFFIPQGTQEEMRAELGLDAAGMEAKIKAWLA

a) Evolved mutations are shown in blue, bold, and underlined.

b) Evolved mutations arose during selection.

Supplementary Table 5: Terminators

Terminator Sequence Source

B0O053 TCCGGCAAAAAAACGGGCAAGGTGTCACCACCCTGCCCTTTTTCTTTAAAACCGARAAGATTACTTCGCGTT |GEM B0053

ECK120017009 GATCTAACTAAAAAGGCCGCTCTGCGGCCTTTTTTCTTTTCACT 28

ECK120033736 AACGCATGAGAAAGCCCCCGGAAGATCACCTTCCGGGGGCTTTTTTATTGCGC 28

ECK120033737 GGAAACACAGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGG 28

|OT TAATTGGTAACGAATCAGACAATTGACGGCTCGAGGGAGTAGCATAGGGTTTGCAGAATCCCTGCTTCGTCCATTTGAC §5

AGGCACATTATGCATCGATGATAAGCTGTCAAACATGAGCAGATCCTCTACGCCGGACGCATCGTGGCCGGCATCACCG
GCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCGATGGGGAAGATCGGGCTCGCCACTTCGGGCTCAT
GAGCAAATATTTTATCTG

L3S2P21 CTCGGTACCAAATTCCAGAARAGAGGCCTCCCGARAGGGGGGCCTTTTTTCGTTTTGGTCC 28

L3S3P21 CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCC 28

L3S2P56 CTCGGTACCAAATTTTCGAAAAAAGACGCTGAAAAGCGTCTTTTTTCGTTTTGGTCC 28

L353P41 AAAAAAAAAAAACACCCTAACGGGTGTTTTTTTTTTTTTGGTCTCCC 28

L351P52 TCTAACTAAAAAGGCCTCCCAAATCGGGGGGCCTTTTTTATTGATAACAAAA 28

L352P41 CTCGGTACCAAAAAAAAAAAAAAAGACGCTGAAAAGCGTCTTTTTTTTTTTTGGTCC 28




Supplementary Table 6: Plasmid-encoded regulators response function parameters?

Ymax Ymin Dynamic
Inducer Plasmid Regulator Promoter (RPU)  (RPUX10?) K (M) n range
DAPG pAJIM.847 PhIFAM Penie 2.5 25 1.7 2.1 1000
Cuma PAIM.657  CymRAM Peymre 3.7 43 8.9 2.4 870
0C6 pAIM.474 LuxR PLuxe 13 24 0.12 1.8 540
Van pPAIM.773 VanRAM Pvance 3.0 24 26 2.3 1200
IPTG pAJIM.336 Lacl™ Prac 3.3 4.8 140 1.8 690
aTc PpAJM.011  TetR Prer 2.4 4.9 0013 3.8 500
Ara pAIM.677 AraC™M Peap 1.2 24 37 15 500
Cho pAJM.683 BetlAM Pget 2.6 85 4100 2.7 310
Nar pAJM.661 TtgRAM Prig 0.46 34 95 1.9 140
DHBA PAJM.690 PcauM P3sse 1.6 4.5 370 1.8 360
sal pAIM.771 NahRAM Psarrc 2.8 4.7 43 1.8 600
OHC14 pAIM.1642  CinRAM Pcin 15 3.0 0.43 2.3 490
Acr pAJM.884 AcCuRAM Pacu 3.1 37 130 25 83
Ery pAJIM.969 MphRAM Pwph 0.29 8.0 65 15 36

a) Response data from three days were averaged and fit to Equation 1 (Methods). Full response functions are provided in
Supplementary Note 1. Definitions of parameters are provided in the main text. All data are from experiments using plasmid based-
regulators in E. coli DH10B cells in mid-log growth in LB media.



Supplementary Table 7: Marionette cluster sequence

Cluster

SequencedP

Marionette

TAACCAATCAGGCTTCCTACTTACAGAATTGAGAAAAGAGGATGTGGAACGCTTACTAGCTCCGGCAAAAAAACGGGCAAGGTGTCACCACCCTGCCCTTTTTCTTTAAAACCGA
AAAGATTACTTCGCGTTGAGATTTTGAGACACAAGGTCGAATCGCACCAAGACAGGTTTGTCCA CTATGGACTATGTTTG
AAAGGGAGAAATACTAGATGGCACGTACCCCGAGCCGTAGCAGCATTGGTAGCCTGCGTAGTCCGCATACCCATAAAGCAATTCTGACCAGCACCATTGAAATCCTGAAAGAATG
TGGTTATAGCGGTCTGAGCATTGAAAGCGTGGCACGTCGCGCCGGTGCAGGCAAACCGACCATTTATCGTTGGTGGACCAACAAAGCAGCACTGATTGCCGAAGTGTATGAAAAT
GAAATCGAACAGGTACGTAAATTTCCGGATTTGGGTAGCTTTAAAGCCGATCTGGATTTTCTGCTGCATAATCTGTGGAAAGTTTGGCGTGAAACCATTTGTGGTGAAGCATTTC
GTTGTGTTATTGCAGAAGCACAGTTGGACCCTGTAACCCTGACCCAACTGAAAGATCAGTTTATGGAACGTCGTCGTGAGATACCGAAAAAACTGGTTGAAGATGCCATTAGCAA
TGGTGAACTGCCGAAAGATATCAATCGTGAACTGCTGCTGGATATGATTTTTGGTTTTTGTTGGTATCGCCTGCTGACCGAACAGTTGACCGTTGAACAGGATATTGAAGAATTT
ACCTTCCTGCTGATTAATGGTGTTTGTCCGGGTACACAGTGTTGATAARATGGAATATTCATAGTAAATACCAAACGGAGATTCTTATGAGCCCGAAACGTCGTACCCAGGCAGA
ACGTGCAATGGAAACCCAGGGTAAACTGATTGCAGCAGCACTGGGTGTTCTGCGTGAAAAAGGTTATGCAGGTTTTCGTATTGCAGATGTTCCGGGTGCAGCCGGTGTTAGCCGT
GGTGCACAGAGCCATCATTTTCCGACCAAACTGGAACTGCTGCTGGCAACCTTTGAATGGCTGTATGAGCAGATTACCGAACGTAGCCGTGCACGTCTGGCAAAACTGARAACCGG
AAGATGATGTTATTCAGCAGATGCTGGATGATGCAGCAGAATTTTTTCTGGATGATGATTTTAGCATCGGCCTGGATCTGATTGTTGCAGCAGATCGTGATCCGGCACTGCGTGA
AGGTATTCAGCGTACCGTTGAACGTAATCGTTTTGTTGTTGAAGATATGTGGCTGGGTGTGCTGGTGAGCCGTGGTCTGAGCCGTGATGATGCCGAAGATATTCTGTGGCTGATT
TTTAACAGCGTTCGTGGTCTGGTAGTTCGTAGCCTGTGGCAGAAAGATAAAGAACGTTTTGAACGTGTGCGTAATAGCACCCTGGAAATTGCACGTGAACGTTATGCAAAATTCA
AACGTTGAAGGTACTACGCGAGGACTTAAGCCTTTCGGAGGGGCAGAATGAAAAACATARATGCCGACGACACATACAGAATAATTAATAAAATTAAAGCTTGTAGAAGCAATAA
TGATATTAATCAATGCTTATCTGATATGACTAAAATGGTACATTGTGAATATTATTTACTCGCGATCATTTATCCTCATTCTATGGTTAAATCTGATATTTCAATCCTAGATAAT
TACCCTAAAAAATGGAGGCAATATTATGATGACGCTAATTTGATAAAATATGATCCTATAGTAGATTATTCTAACTCCAATCATTCACCAATTAATTGGAATATATTTGAAAACA
ATGCTGTAAATAAAAAATCTCCAAATGTAATTAAAGAAGCGAAAACATCAGGTCTTATCACTGGGTTTAGTTTCCCTATTCATACGGCTAACAATGGCTTCGGAATGCTTAGTTT
TGCACATTCAGAAAAAGACAACTATATAGATAGTTTATTTTTACATGCGTGTATGAACATACCATTAATTGTTCCTTCTCTAGTTGATAATTATCGAAAAATAAATATAGCAAAT
AATAAATCAAACAACGATTTAACCAAAAGAGAAAAAGAATGTTTAGCGTGGGCATGCGAAGGAARAAGCTCTTGGGATATTTCAARAATATTAGGTTGCAGTGAGCGTACTGTCA
CTTTCCATTTAACCAATGCGCAAATGAAACTCAATACAACAAACCGCTGCCAAAGTATTTCTAAAGCAATTTTAACAGGAGCAATTGATTGCCCATACTTTAAAAATTGAGCTTA
AACTAACGAACGTAAATAAGGAGGATAGACATGGACATGCCTCGTATTAAACCGGGTCAGCGTGTTATGATGGCACTGCGTAAAATGATTGCAAGCGGTGAAATCAAAAGTGGTG
AACGTATTGCAGAAATTCCGACCGCAGCAGCACTGGGTGTTAGCCGTATGCCGGTTCGTATCGCACTGCGTTCACTGGAACAAGAAGGTCTGGTTGTTCGTCTGGGTGCACGTGG
TTATGCAGCCCGTGGTGTTAGCAGCGATCAGATTCGTGATGCAATTGAAGTTCGTGGTGTTCTGGAAGGTTTTGCAGCACGTCGTCTGGCAGARCGTGGTATGACCGCAGAAACC
CATGCACGTTTTGTTGTACTGATTGCAGAAGGTGAAGCACTGTTTGCAGCCGGTCGCCTGAATGGTGAAGATCTGGATCGTTATGCCGCATATAATCAGGCATTTCATGATACCC
TGGTTAGCGCAGCAGGTAATGGTGCAGTTGAAAGCGCACTGGCACGTAATGGTTTTGAACCGTTTGCAGCAGCCGGTGCACTGGCCCTGGATCTGATGGACCTGTCTGCCGAATA
TGAACATCTGCTGGCAGCACATCGTCAGCATCAGGCAGTTCTGGATGCAGTTAGCTGTGGTGATGCCGAAGGTGCAGAACGTATTATGCGTGATCATGCACTGGCAGCAATTCGT
AATGCAAAAGTTTTTGAAGCAGCAGCAAGCGCAGGCGCACCGCTGGGTGCAGCATGGTCAATTCGTGCAGATTGAATAGTAATTGGTAACGAATCAGACAATTGACGGCTCGAGG
GAGTAGCATAGGGTTTGCAGAATCCCTGCTTCGTCCATTTGACAGGCACATTATGCATCGATGATAAGCTGTCAAACATGAGCAGATCCTCTACGCCGGACGCATCGTGGCCGGC
ATCACCGGCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCGATGGGGAAGATCGGGCTCGCCACTTCGGGCTCATGAGCAAATATTTTATCTG
GGAAGAGAGTCAATTCATGGAGGTGAATATGAAACCAGTAACGTTATACGATGTCGCAGAGTATGCCGGTGT
CTCTTATATGACCGTTTCCCGCGTGGTGAACCAGGCCAGCCACGTTTCTGCGAAAACGCGGGAAAAAGTGGAAGCGGCGATGGTGGAGCTGAATTACATTCCCAACCGCGTGGCA
CAACAACTGGCGGGCAAACAGTCGTTGCTGATTGGCGTTGCCACCTCCAGTCTGGCCCTGCACGCGCCGTCGCARATTGTCGCGGCGATTAAATCTCGCGCCGATCAACTGGGTG
CCAGCGTGGTGGTGTCGATGGTAGAACGAAGCGGCGTCGAAGCCTGTAAAGCGGCGGTGCACAATCTTCTCGCGCAACGCGTCAGTGGGCTGATCATTAACTATCCGCTGGATGA
CCAGGATGCCATTGCTGTGGAAGCTGCCTGCACTAATGTTCCGGCGTTATTTCTTGATGTCTCTGACCAGACACCCATCAACAGTATTATTTACTCCCATGAGGACGGTACGCGA
CTGGGCGTGGAGCATCTGGTCGCATTGGGTCACCAGCARATCGCGCTGTTAGCGGGCCCATTAAGTTCTGTCTCGGCGCGTCTGCGTCTGGCTGGCTGGCATAAATATCTCACTC
GCAATCAAATTCAGCCGATAGCGGAACGGGAAGGCGACTGGAGTGCCATGTCCGGTTTTCAACAAACCATGCAAATGCTGAATGAGGGCATCGTTCCCACTGCGATGCTGGTTGC
CAACGATCAGATGGCGCTGGGCGCAATGCGCGCCATTACCGAGTCCGGGCTGCGCGTTGGTGCGGATATCTCGGTAGTGGGATACGACGATACCGAAGATAGCTCATGTTATATC
CCGCCGTTAACCACCATCAAACAGGATTTTCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGGGCCAGGCGGTGAAGGGCAATCAGCTGTTGCCAGTCT
CACTGGTGAAAAGAAAAACCACCCTGGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCA
GTGAGTAATAATCAAGGTGGCAAAAAATGTCCAGATTAGATAAAAGTAAAGTGATTAACAGCGCATTAGAGCTGCTTAATGAGGTCGGAATCGAAGGTTTAACAACCCGTAAACT
CGCCCAGAAGCTAGGTGTAGAGCAGCCTACATTGTATTGGCATGTAAAAAATAAGCGGGCTTTGCTCGACGCCTTAGCCATTGAGATGTTAGATAGGCACCATACTCACTTTTGC
CCTTTAGAAGGGGAAAGCTGGCAAGATTTTTTACGTAATAACGCTAAAAGTTTTAGATGTGCTTTACTAAGTCATCGCGATGGAGCAAAAGTACATTTAGGTACACGGCCTACAG
AAAAACAGTATGAAACTCTCGAAAATCAATTAGCCTTTTTATGCCAACAAGGTTTTTCACTAGAGAATGCATTATATGCACTCAGCGCTGTGGGGCATTTTACTTTAGGTTGCGT
ATTGGAAGATCAAGAGCATCAAGTCGCTAAAGAAGAAAGGGAAACACCTACTACTGATAGTATGCCGCCATTATTACGACAAGCTATCGAATTATTTGATCACCAAGGTGCAGAG
CCAGCCTTCTTATTCGGCCTTGAATTGATCATATGCGGATTAGAAAAACAACTTAAATGTGAAAGTGGGTCCTAAGGATCCCAATGATGTGGGGTCCCGCTTTCAAGGAGGTARA
TATGGCTGAAGCGCAAAATGATCCCCTGCTGCCGGGATACTCGTTTAATGCCCATCTGGTGGCGGGTTTAACGCCGATTGAGGCCAACGGTTATCTCGATTTTTTTATCGACCGA
CCGCTGGGAATGAAAGGTTATATTCTCAATCTCACCATTCGCGGTCAGGGGGTGGTGAAAAATCAGGGACGAGAATTTGTTTGCCGACCGGGTGATATTTTGCTGTTCCCGCCAG
GAGAGATTCATCACTACGGTCGTCATCCGGAGGCTCGCGAATGGTATCACCAGTGGGTTTACTTTCGTCCGCGCGCCTACTGGCATGAATGGCTTAACTGGCCGTCAATATTTGC
CAATACGGGGTTCTTTCGCCCGGATGAAGCGCACCAGCCGCATTTCAGCGACTTTTTTGGGCAAATCATTAACGCCGGGCAAGGGGAAGGGCGCTATTCGGAGCTGCTGGCGATA
AATCTGCTTGAGCAATTGTTACTGCGGCGCATGCTAGCGATTAACGGATCGCTCCATCCACCGATGGATAATCGGGTACGCGAGGCTTGTCAGTACATCAGCGATCACCTGGCAG
ACAGCAATTTTGATATCGCCAGCGTCGCACAGCATGTTTGCTTGTCGCCGTCGCGTCTGTCACATCTTTTCCGCCAGCAGTTAGGGATTAGCGTCTTAAGCTGGCGCGAGGACCA
ACGTATCAGCCAGGCGAAGCTGCTTTTGAGCACCACCCGGATGCCTATCGCCACCGTCGGTCGCAATGTTGGTTTTGACGATCAACTCTATTTCTCGCGGGTATTTAAARAATGC
ACCGGGGCCAGCCCGAGCGAGTTCCGTGCCGGTTTGGAAGAAAAAGTGAATGATGTAGCCGTCAAGTTGTCATGATAAGATCCTATTCCAGCGGGATTARAGAGGAGCGATTAAG
CATGGTTACTATCAATACGGAATCTGCTTTAACGCCACGTTCTTTGCGGGATACGCGGCGTATGAATATGTTTGTTTCGGTAGCTGCTGCGGTCGCAGGATTGTTATTTGGTCTT
GATATCGGCGTAATCGCCGGAGCGTTGCCGTTCATTACCGATCACTTTGTGCTGACCAGTCGTTTGCAGGAATGGGTGGTTAGTAGCATGATGCTCGGTGCAGCAATTGGTGCGC
TGTTTAATGGTTGGCTGTCGTTCCGCCTGGGGCGTARATACAGCCTGATGGCGGGGGCCATCCTGTTTGTACTCGGTTCTATAGGGTCCGCTTTTGCGACCAGCGTAGAGATGTT
AATCGCCGCTCGTGTGGTGCTGGGCATTGCTGTCGGGATCGCGTCTTACACCGCTCCTCTGTATCTTTCTGARAATGGCAAGTGAARACGTTCGCGGTAAGATGATCAGTATGTAC
CAGTTGATGGTCACACTCGGCATCGTGCTGGCGTTTTTATCCGATACAGCGTTCAGTTATAGCGGTAACTGGCGCGCAATGTTGGGGGTTCTTGCTTTACCAGCAGTTCTGCTGA
TTATTCTGGTAGTATTTCTGCCAAATAGCCCGCGCTGGCTGGCGGAAAAGGGGCGTCATATTGAGGCGGAAGAAGTATTGCGTATGCTGCGCGATACGTCGGARAAAGCGCGAGA
AGAACTCAACGAAATTCGTGAAAGCCTGAAGTTAAAACAGGGCGGTTGGGCACTGTTTAAGATCAACCGTAACGTCCGTCGTGCTGTGTTTCTCGGTATGTTGTTGCAGGCGATG
CAGCAGTTTACCGGTATGAACATCATCATGTACTACGCGCCGCGTATCTTCAAAATGGCGGGCTTTACGACCACAGAACAACAGATGATTGCGACTCTGGTCGTAGGGCTGACCT
TTATGTTCGCCACCTTTATTGCGGTGTTTACGGTAGATAAAGCAGGGCGTAAACCGGCTCTGAAAATTGGTTTCAGCGTGATGGCGTTAGGCACTCTGGTGCTGGGCTATTGCCT
GATGCAGTTTGATAACGGTACGGCTTCCAGTGGCTTGTCCTGGCTCTCTGTTGGCATGACGATGATGTGTATTGCCGGTTATGCGATGAGCGCCGCGCCAGTGGTGTGGATCCTG
TGCTCTGAAATTCAGCCGCTGAAATGCCGCGATTTCGGTATTACCTGTTCGACCACCACGAACTGGGTGTCGAATATGATTATCGGCGCGACCTTCCTGACACTGCTTGATAGCA
TTGGCGCTGCCGGTACGTTCTGGCTCTACACTGCGCTGAACATTGCGTTTGTGGGCATTACTTTCTGGCTCATTCCGGAAACCAAAAATGTCACGCTGGAACATATCGAACGCAA
ACTGATGGCAGGCGAGAAGTTGAGAAATATCGGCGTCTGAGATGTGGGGTCCGATCTAACTAAAAAGGCCGCTCTGCGGCCTTTTTTCTTTTCACTGGACAGTATTGAATGGACT
CTGATCAATG GGAAGAGAGTCATTCATGGAGGTGAATATGCCGAAACTGGGTATGCAGAGCATTCGTCGTCGTCAGCTGA
TTGATGCAACCCTGGAAGCAATTAATGAAGTTGGTATGCATGATGCAACCATTGCACAGATTGCACGTCGTGCCGGTGTTAGCACCGGTATTATTAGCCATTATTTCCGCGATAA
AAACGGTCTACTGGAAGCAACCATGCGTGATATTACCAGCCAGCTGCGTGATGCAGTTCTGAATCGTCTGCATGCACTGCCGCAGGGTAGCGCAGAACAGCGTCTGCAGGCAATT
GTTGGTGGTAATTTTGATGAAACCCAGGTTAGCAGCGCAGCAATGAAAGCATGGCTGGCATTTTGGGCAATCAGCATGCATCAGCCGATGCTGTATCGTCTGCAGCAGGTTAGCA
GTCGTCGTCTGCTGAGCAATCTGGTTAGCGAATTTCGTCGTGAACTGCCTCGTGAACAGGCACAAGAGGCAGGTTATGGTCTGGCAGCACTGATTGATGGTCTGTGGCTGCGTGC
AGCACTGAGCGGTAAACCGCTGGATAAAACCCGTGCAAATAGCCTGACCCGTCATTTTATCACCCAGCATCTGCCGACCGATTGATTACGAATTAGATAAGTAGGTARAACATGG
TTCGTCGTACCAAAGAAGAGGCACAAGAAACCCGTGCACAGATTATTGAAGCAGCAGAACGTGCATTCTATAAACGTGGTGTTGCACGTACCACCCTGGCAGATATTGCAGAACT
GGCAGGCGTTACCCGTGGTGCAATTTATTGGCATTTTAACAACAAAGCCGAACTGGTTCAGGCACTGCTGGATAGCCTGCATGAAACCCATGATCATCTGGCACGTGCAAGCGAA
AGCGAAGATGAAGTTGATCCGCTGGGTTGTATGCGTAAACTGCTGCTGCAGGTTTTTAATGAACTGGTTCTGGATGCACGTACCCGTCGTATTAATGAAATCCTGCATCACAAAT
GCGAGTTCACCGATGATATGTGTGAAATTCGTCAGCAGCATCAGAGCGCAGTTCTGGATTGTCATAAAGGTATTACCCTGACACTGGCAAATGTAGTTCGTCGTGGTCAGCTGCC
TGGTGAACTGGATGCAGAACGTGCCGCAGTTGCAATGTTTGCCTATGTTGATGGTCTGATTCGTCGTTGGCTGCTGCTGCCGGATAGCGTTGATCTGCTGGGTGATGTTGAAAAA
TGGGTTGATACCGGTCTGGATATGCTGCGTCTGAGTCCGGCACTGCGTAAATAATGACGCTTACAATAGACGAACAATAAAGGAGGAATTAACCGATGTGGTCGAACATGGATGA
CAAGAAAGTGAAAGAGGAGAATATTCTGCACAATTCCACCAACAAGAAGATCATCCGCCACGAAGATTTTGTAGCCGGCATTAGCAAAGGGATGGCGATTCTGGATTCGTTTGGT
ACAGATCGTCATCGCCTCAATATCACCATGGCCGCAGAGAAAACCGGTATGACACGTGCAGCAGCTCGTCGCCACCTGCTTACTCTGGAGTATCTGGGCTATCTGGAAAGTGACG
GCCACTACTTCTACTTAACTCCCAAAATCCTGAAATTCAGTGGTTCATATTTGGGTGGTGCTCAATTGCCGAAAATTTCCCAACCACTGTTGAACTTGCTTACGACCCAGACCAG
CCTGATTTACAGCGTGATGGTGTTGGATGGCTATGAAGCCATTACCATTGCGCGTTCTGCCGCTCATCAGCAAACCGACCGCGTTAACCCGTATGGTTTACATCTCGGGAATCGC
TTACCAGCGCATACAACGTCAGCGGGCAAAATCCTGTTAGCGTATTTGGATGACCATGCCCAGCAAGAGTGGCTCAATCAGTACCCTCTGCAACGGCTCACGARATACACGTATA
CCAACCACATCGACTTTCTGCGCCTTTTGAGTGAAATCAAGGAACAGGGTTGGTGCTATAGTTCGGAAGAACACGAACTGGGAGTACACGCCCTTGCGGTTCCGATTTACGGACA
ACAGTCTCGCGTCGTAGCGGCACTGAACATTGTCAGCCCGACAATGCGGACCACGAAAGAATACCTGATTCAGCATATTCTGCCGTTACTGCAAGAAACTGCGCGTGAATTGCGC
AATATCCTGTAATGAACCCCCTATAAGAAAAAGACTTAACTATCCATGGAACTGCGTGACCTTGATTTAAACCTGCTGGTGGTGTTCAACCAGTTGCTGGTCGACAGACGCGTCT
CTGTCACTGCGGAGAACCTGGGCCTGACCCAGCCTGCCGTGAGCAATGCGCTGAAACGCCTGCGCACCTCGCTACAGGACCCACTCTTCGTGCGCACACATCAGGGAATGGAACC
CACACCCTATGCCGCGCATCTGGCCGAGCACGTCACTTCGGCCATGCACGCACTGCGCAACGCCCTACAGCACCATGAAAGCTTCGATCCGCTGACCAGCGAGCGTACCTTCACC
CTGGCCATGACCGACATTGGCGAGATCTACTTCATGCCGCGGCTGATGGATGCGCTGGCTCACCAGGCCCCCAATTGCGTGATCAGTACGGTGCGCGACAGTTCGATGAGCCTGA
TGCAGGCCTTGCAGAACGGAACCGTGGACTTGGCCGTGGGCCTGCTTCCCAATCTGCAAACTGGCTTCTTTCAGCGCCGGCTGCTCCAGAATCACTACGTGTGCCTATGTCGCAA
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GGACCATCCAGTCACCCGCGAACCCCTGACTCTGGAGCGCTTCTGTTCCTACGGCCACGTGCGTGTCATCGCCGCTGGCACCGGCCACGGCGAGGTGGACACGTACATGACACGG
GTCGGCATCCGGCGCGACATCCGTCTGGAAGTGCCGCACTTCGCCGCCGTTGGCCACATCCTCCAGCGCACCGATCTGCTCGCCACTGTGCCGATATGTTTAGCCGACTGCTGCG
TAGAGCCCTTCGGCCTAAGCGCCTTGCCGCACCCAGTCGTCTTGCCTGAAATAGCCATCAACATGTTCTGGCATGCGAAGTACCACAAGGACCTAGCCAATATTTGGTTGCGGCA
ACTGATGTTTGACCTGTTTACGGATTGATAAAGGTCC ACGCCCG 5GAGE GGCGAATGATTGAGAATACCTATAGCGAAAAGTTCGAGTCCGCGTTCGAACAGATC
AAAGCGGCGGCCAACGTGGATGCCGCCATCCGTATTCTCCAGGCGGAATATAACCTCGATTTCGTCACCTACCATCTCGCCCAGACAATCGCGAGCAAGATCGATTCGCCCTTCG
TGCGCACCACCTATCCGGATGCCTGGGTTTCCCGTTACCTCCTCAACTGCTATGTGAAGGTCGATCCGATCATCAAGCAGGGCTTCGAACGCCAGCTGCCCTTCGACTGGAGCGA
GGTCGAACCGACGCCGGAGGCCTATGCCATGCTGGTCGACGCCCAGAAACACGGCATCGATGACAATGGCTACTCCATCCCCGTCGCCGACAAGGCGCAGCGCCGCGCCCTGCTG
TCGCTGAATGCCCATATACCGGCCGACGAATGGACCGAGCTCGTGCGCCGCTGCCGCAATGAGTGGATCGAGATCGCCCATCTGATCCACCGCAAGGCCGTATATGAGCTGCATG
GCGAAAACGATCCGGTGCCGGCATTGTCGCCGCGCGAGATCGAGTGTCTGCACTGGACCGCCCTCGGCAAGGATTACAAGGATATTTCGGTCATCCTGGGCATATCAGAGCATAC
CACACGCGATTACCTGAAAACCGCCCGCTTCAGGCTCGGCTGCACCACGATCTCGGCCGCCGCGTCGCGGGCTGTTCAATTGCGCATCATCAATCCCTATAGGATCCGCATGACG
CGACGTAATTGGTAATAGGGATGAACTGTACAAATGAARACGCATGAGAAAGCCCCCGGAAGATCACCTTCCGGGGGCTTTTTTATTGCGCTCCTTGGCCCTCCATCCTTAGATAG
TTGCCGGGTCCATATGAATATCCTCCTTAGTTCCTAT! T" TATTCTC TA" T ! TG" ! T

“ACCTTTA
a) DNA sequence colors correspond to promoters (orange), RBSs (green), protein coding sequences (red), terminators (purple),

spacers (black), Chloramphenicol resistance cassette (pink), and glvC homology regions (blue).
b) Sequence was verified by PCR and sequencing from the genome of Marionette.
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Supplementary Table 8: Marionette genome sequences

Strain Strain Reference Mutation® locus Mutation also
number name found in
parental strain
sAJM.1506 Marionette- NC_00913 Synonymous substitution A547,694G ylbE Yes
Wild 1 bp insertion at 547,836 yIbEP Yes
1 bp insertion at 1,211,312 Intergenic Yes
776 bp deletion (1S1) from 1,976,520 to Intergenic Yes
1,977,296
Non-synonymous substitution G2,017,485A flik (V359I) Yes
Marionette cluster insertion at 3,860,010 glvC (replaced) No°
1199 bp insertion (IS5A) at 3,888,103 tnaA (disupted) Yes
Substitution C3,957,958T Intergenic Yes
2 bp insertion at 4,294,405 Intergenic Yes
Substitution T4,404,153C Intergenic Yes
sAIJM.1504 Marionette- NC_010473¢ 1331 bp insertion (IS2A) at 142,870 fhuA (disrupted) Yes
Clo 1199 bp insertion (IS5A) at 399,877 Intergenic Yes
776 bp insertion (IS1) at 1,154,509 Intergenic Yes
777 bp deletion (1S1) at 1,339,315 Intergenic Yes
Non-synonymous substitution G1,917,065A astD (A422V) Yes
16,510 bp deletion from 2,455,019 to AarnB-elaA Yes
2,471,529
1336 bp insertion (1IS2A) at 3,062,665 ygdQ (disrupted)  Yes
1338 bp insertion (1S10) at 3,217,235 Intergenic Yes
1336 bp insertion (IS2A) at 3,462,690 Intergenic Yes
1446 bp insertion (1S150) at 3,630,429 envZ (disrupted)  Yes
66 kb transduced element replacing glvG to gimuU No®
3,957,000 to 4,010,000
1 bp insertion at 4,272,973 Intergenic Yes
9,934 bp deletion from 4,377,242 to AyjcD-nrfA Yes
4,387,176
sAJM.1505 Marionette- CP010816f 55 kb transduced element replacing 151,000 panC to ipxD Yes
Pro to 204,000
70 kb transduced element replacing uhpB to bglG No®
3,706,000 to 3,764,000
7 kb transduced element replacing pstC to atpD No®
3,768,000 to 3,775,000
Synonymous substitution A4,366,616T pepA Yes

a) Numbering based on reference sequence (E. coli MG1655 NCBI accession number NC_000913, E. coli DH10B
NC_010473, and E. coli BL21 CP010816)

b) Undoes a frameshift that is likely an error in the reference sequence.

c) Introduced by recombineering. See Methods.

d) Marionette-Clo derives from E. coli NEB10beta from New England Biolabs. NEB confirms their E. coli NEB10Obeta cells
contain the noted mutations other than the transduction event from Marionette-Wild.

e) Transduction from Marionette-Wild; introduces Marionette-cluster. See Methods.

f)  Marionette-Pro derives from E. coli BL21 from New England Biolabs. NEB confirms their E. coli BL21 cells contain the
noted mutations other than the transduction event from Marionette-Wild.
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Supplementary Table 9: Genome-encoded regulators response function parameters?

Reporter Ymax Ymin Dynamic
Inducer Plasmid Regulator Promoter (RPU)  (RPUX10?) K (M) n range
DAPG pAIM.711 PhIFAM Penie 3.4 6.5 2.1 2.3 530
Cuma PAIM.712  CymRAM Peymre 7.6 3.6 22 2.3 2100
0C6 pAIM.713 LuxR PLuxe 4.1 8.6 0.012 1.7 480
Van pAIM.714 VanRAM Pvance 4.5 4.0 14 2.1 1100
IPTG pAIM.715 Lacl™ Prac 2.6 8.3 190 1.7 320
aTc PAIM.717  TetR Prer 3.2 3.6 0012 4.4 890
Ara pAIM.716 AraC™M Peap 1.8 3.6 43 1.7 500
Cho pAIM.718 BetlAM Pget 3.7 40 1900 2.0 930
Nar pAJM.719 TtgRAM Prig 0.50 4.0 280 2.3 130
DHBA pAIM.1459  Pcau”M P3ssc 0.81 8.0 240 15 100
Sal pAIM.721 NahRAM Psarrrc 2.9 3.8 29 2.1 760
OHC14 pAJIM.944 CinRAM Pcin 1.2 3.6 0.25 3.0 340

a) Response data from three days were averaged and fit to Equation 1 (Methods). Full response functions are provided in
Supplementary Note 1. Definitions of parameters are provided in the main text. All data are from experiments using genome based-
regulators in Marionette-Wild cells in mid-log growth in LB media.
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Supplementary Table 10: Extracellular and intracellular concentrations of each inducer
[Detected in supernatant?]

[Added to (uM) [Detected in pellet®] (uM)
Inducer culture] (M) Average s.d. Average s.d.
DAPG 25 15 14 71 45
Cuma 100 55 36 130 50
OC6 10 7.5 2.3 14 11
Van 100 97 16 230 97
IPTG 1000 1500 830 6500 3700
aTc 0.20 0.088 0.075 0.81 0.43
Cho 10000 5800 4100 6700 1200
Nar 1000 550 310 2700 1500
DHBA 1000 560 200 2500 320
Sal 100 88 9.4 290 150
OHC14 10 2.9 2.8 84 59

a) See Methods for details. All data are from experiments using Marionette-Wild cells in mid-log growth in LB media. The average
and standard deviation were calculated based on three replicates performed on different days. No measurements for Ara are above
the limit of detection.
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Supplementary Table 11: mRNA levels in E. coli MG1655 and Marionette-Wild

mMRNA levels?

E. coli Marionette- log(fold
Gene MG1655 Wild change)® RefSeq annotation
glvG 34.2 0.2 2.2 pseudogene
chiA 3.1 0.2 1.2 periplasmic endochitinase
ydiH 1.3 0.1 1.1 uncharacterized protein
casD 15 0.1 1.0 CRISP RNA (crRNA) containing Cascade antiviral complex protein
gatD 1.7 0.3 0.8 galactitol-1-phosphate dehydrogenase, Zn-dependent and NAD(P)-binding
yhal 0.7 0.1 0.8 DUF805 family inner membrane protein
cysN 3.1 0.5 0.8 sulfate adenylyltransferase, subunit 1
mgIB 11 0.2 0.8 methyl-galactoside transporter subunit
chromate reductase, quinone reductase, FMN-linked; N-Ethylmaleimide
malE 12 0.2 0.8 reductase; old yellow enzyme
ferridoxin-like LutB family protein; putative electron transport chain YKgEFG
ykgF 0.8 0.1 0.7 component
malK 0.5 0.1 0.7 maltose ABC transportor ATPase
gtk 2.0 0.4 0.7  periplasmic protein
cysJ 3.2 0.7 0.7 sulfite reductase, alpha subunit, flavoprotein
ytjA 1.0 0.2 0.6 uncharacterized protein
sriB 0.4 0.1 0.6 glucitol/sorbitol-specific enzyme [IA component of PTS
ygjH 0.5 0.1 0.6 putative tRNA binding protein; putative tRNA corner chaperone
yodC 1.8 0.4 0.6 uncharacterized protein
cysC 1.9 0.4 0.6 adenosine 5'-phosphosulfate kinase
ykfF 0.7 0.2 0.6 CP4-6 prophage; uncharacterized protein
fxsA 2.6 0.6 0.6  suppressor of F exclusion of phage T7
ilvC 2.7 0.6 0.6 transcriptional activator of ilvC; autorepressor
yedF 0.7 0.2 0.6 putative TusA family sulfurtransferase
pspC 0.5 0.1 0.6  psp operon transcription co-activator
ydiZ 0.9 0.2 0.6 uncharacterized protein
multifunctional endonuclease Casl1, CRISPR adaptation protein; DNA repair
ygbT 1.0 0.2 0.6 enzyme
ychQ 0.8 0.2 0.6  SIRB family inner membrane protein
yehR 0.5 0.1 0.6 lipoprotein, DUF1307 family
yhcO 0.6 0.1 0.6 putative barnase inhibitor
yicT 0.6 0.1 0.6 pseudogene
zraP 1.0 0.2 0.6 Zn-dependent periplasmic chaperone
yedJ 0.4 15 -0.6  putative HD superfamily phosphohydrolase
acrA 14 5.7 -0.6  multidrug efflux system
cnu 0.4 1.6 -0.6 nucleoid-associated oriC-binding protein; H-NS and StpA stabilizing factor
alternative stalled-ribosome rescue factor B; peptidyl-tRNA hydrolase, ribosome-
arfB 0.2 0.8 -0.6  attached
did 0.2 1.0 -0.6 D-lactate dehydrogenase, FAD-binding, NADH independent
yhdN 0.2 0.9 -0.6 DUF1992 family protein
elaB 0.3 1.2 -0.6  putative membrane-anchored DUF883 family ribosome-binding protein
ycbC 0.1 0.5 -0.6
yfiR 0.2 0.7 -0.6  putative periplasmic inhibitor of YfiN activity
uidR 0.3 1.2 -0.6 transcriptional repressor
yciK 0.2 1.0 -0.6 putative EmrKY-TolC system oxoacyl-(acyl carrier protein) reductase
mobB 0.2 0.7 -0.7  molybdopterin-guanine dinucleotide biosynthesis protein B
ybaA 0.2 11 -0.7 DUF1428 family protein
fdnl 0.1 0.6 -0.7 formate dehydrogenase-N, cytochrome B556 (gamma) subunit, nitrate-inducible
ydhO 0.1 0.5 -0.7
cof 0.1 0.5 -0.7  thiamine pyrimidine pyrophosphate hydrolase; HMP-PP phosphatase
cueR 0.2 1.0 -0.7 copper-responsive regulon transcriptional regulator
ytfH 0.2 1.2 -0.7 DUF24 family HxIR-type putative transcriptional regulator
gadw 0.1 0.7 -0.8 transcriptional activator of gadA and gadBC; repressor of gadX
blc 0.2 1.0 -0.8 outer membrane lipoprotein cell division and growth lipocalin
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yhhQ 0.1 0.9 -0.8 DUF165 family inner membrane protein

yebB 0.1 11 -0.9 DUF830 family protein

yhcN 1.3 12.9 -1.0 periplasmic protein, function unknown, YhcN family

gnsB 0.5 6.5 -1.1  Qin prophage; multicopy suppressor of secG(Cs) and fabA6(Ts)
creA 0.2 2.7 -1.2  putative periplasmic protein

a) FPKM in arbitrary units. See Methods for full description.
b) Positive log(fold change) denotes higher mRNA levels in Marionette-Wild. Negative log(fold change) denotes higher mRNA levels
in E. coli MG1655. Only genes with a [fold change| greater than four and a FPKM higher than 0.1 a.u. in either strain are shown.
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Supplementary Table 12: Protein synthesis rates in E. coli MG1655 and Marionette-Wild

Protein synthesis rate®

E. coli Marionette- log(fold

Gene MG1655 Wild change)® RefSeq annotation

casA 0.4 70.2 2.2 casA; CRISP RNA (crRNA) containing Cascade antiviral complex protein

givG 1.8 75.8 1.6 pseudogene

casC 2.8 118.2 1.6 casC; CRISP RNA (crRNA) containing Cascade antiviral complex protein

casB 1.8 65.3 1.5 casB; CRISP RNA (crRNA) containing Cascade antiviral complex protein

malK 0.5 15.2 1.5 malK; maltose ABC transportor ATPase

caskE 1.9 40.4 1.3 CRISPR RNA precursor cleavage enzyme; CRISP RNA (crRNA) containing
Cascade antiviral complex protein

casD 1.7 33.3 1.3 casD; CRISP RNA (crRNA) containing Cascade antiviral complex protein

gspG 0.1 2.1 1.3 pseudopilin, cryptic, general secretion pathway

chiA 5.1 98.2 1.3 putative bifunctional chitinase/lysozyme precursor

yghS 0.9 15.4 1.3 putative ATP-binding protein

mgIC 0.2 2.2 1.1 methyl-galactoside transporter subunit

lamB 2.3 30.1 1.1 maltose outer membrane porin (maltoporin)

ygbT 0.6 7.3 1.1  multifunctional endonuclease Casl, CRISPR adaptation protein; DNA repair
enzyme

uidA 0.8 9.8 1.1 beta-D-glucuronidase

yghR 0.2 1.9 1.1 putative ATP-binding protein

yiiG 2.6 28.2 1.0 DUF3829 family lipoprotein

gspD 0.5 4.9 1.0 general secretory pathway component, cryptic

gspC 0.8 7.3 1.0 general secretory pathway component, cryptic

gspE 0.3 2.4 0.9 general secretory pathway component, cryptic

gals 0.3 2.3 0.9 galactose- and fucose-inducible galactose regulon transcriptional isorepressor;
mgl operon transcriptional repressor; autorepressor

gspF 0.2 14 0.9 general secretory pathway component, cryptic

ykgE 2.0 145 0.9 cysteine-rich LutA family protein; putative electron transport chain YkgEFG
component

envR 0.3 2.0 0.9 DNA-binding transcriptional regulator

torD 0.1 0.7 0.8 TorA-maturation chaperone

yjhl 0.2 1.0 0.8 putative DNA-binding transcriptional regulator

rem 0.2 15 0.8 Qin prophage; uncharacterized protein

yfgH 2.2 14.8 0.8 outer membrane integrity lipoprotein

yghT 0.5 3.4 0.8 putative ATP-binding protein

srlA 1.7 10.4 0.8 glucitol/sorbitol-specific enzyme IIC component of PTS

malE 12.4 74.4 0.8 malE; maltose transporter subunit

pitB 14 8.4 0.8 hypothetical protein

ybeQ 0.3 1.6 0.7 Sell family TPR-like repeat protein

bssR 0.1 0.8 0.7 repressor of biofilm formation by indole transport regulation

rrrD 0.2 1.3 0.7 rrrD; DLP12 prophage; putative lysozyme

ykgF 3.8 19.9 0.7 ferridoxin-like LutB family protein; putative electron transport chain YkgEFG
component

paaG 0.2 0.9 0.7 1,2-epoxyphenylacetyl-CoA isomerase, oxepin-CoA-forming

malM 3.3 16.8 0.7 maltose regulon periplasmic protein

yfeN 0.2 1.0 0.7 putative outer membrane protein

yghQ 0.4 2.2 0.7 putative inner membrane polysaccharide flippase

ynfO 0.3 1.3 0.7 uncharacterized protein, Qin prophage

araB 0.3 1.2 0.7 enzyme, degradation of small molecules: carbon compounds

ydaV 0.1 0.6 0.7 Rac prophage; putative DNA replication protein

yahl 0.1 0.5 0.7 carbamate kinase-like protein

lldP 1.8 8.1 0.7 L-lactate permease

gspA 0.1 0.7 0.7 general secretory pathway component, cryptic

cysD 21.6 98.0 0.7 sulfate adenylyltransferase

mgIB 6.8 31.0 0.7 mglB; methyl-galactoside transporter subunit

yfgl 14 6.2 0.7 nalidixic acid resistance protein, putative periplasmic protein

yjed 4.8 21.3 0.6 uncharacterized protein

malF 0.8 3.6 0.6 malF; maltose transporter subunit
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tnaA 1.0 4.1 0.6 tryptophanase/L-cysteine desulfhydrase, PLP-dependent

hscC 0.5 2.1 0.6  Hsp70 family chaperone Hsc62

yccM 0.2 0.9 0.6 putative 4Fe-4S membrane protein

cysC 8.1 33.8 0.6 adenosine 5'-phosphosulfate kinase

psuG 1.4 5.8 0.6 pseudouridine 5'-phosphate glycosidase

yijfl 0.8 3.3 0.6 DUF2170 family protein

napH 0.8 0.2 -0.6 ferredoxin-type protein

yadK 0.5 0.1 -0.6  putative fimbrial-like adhesin protein

yhcN 597.7 142.3 -0.6 cadmium and peroxide resistance protein, stress-induced

ulaC 1.3 0.3 -0.6 L-ascorbate-specific enzyme IIA component of PTS

feoC 8.8 2.0 -0.6  putative DNA-binding transcriptional regulator

ycaP 0.7 0.2 -0.6 UPF0702 family putative inner membrane protein

uidR 33.0 7.5 -0.6 transcriptional repressor

yeeO 1.0 0.2 -0.7  putative multdrug exporter, MATE family

did 411 8.7 -0.7 LDHD, DLD; lactate dehydrogenase D

ybhG 5.1 1.0 -0.7 putative membrane fusion protein (MFP) component of efflux pump, membrane
anchor

yraN 21 0.4 -0.7 UPFO0102 family protein

yhjY 0.7 0.1 -0.8 autotransporter beta-domain protein

ybhF 4.2 0.6 -0.8 putative ABC transporter ATPase

ybiH 5.9 0.9 -0.8  ybiH; DUF1956 domain-containing tetR family putative transcriptional regulator

yohJ 4.5 0.6 -0.9  UPF0299 family inner membrane protein

ybhR 15 0.2 -0.9 putative ABC transporter permease

ykgH 13 0.1 -1.1 putative inner membrane protein

betA 32.3 0.8 -1.6  choline dehydrogenase, a flavoprotein

acrR 37.7 0.8 -1.7 transcriptional repressor

betB 46.4 0.8 -1.8 DbetB; betaine aldehyde dehydrogenase, NAD-dependent

a) Ribosome density in arbitrary units. See Methods for full description.
b) Positive log(fold change) denotes higher translation in Marionette-Wild. Negative log(fold change) denotes higher translation in E.
coli MG1655. Only genes with a [fold change| greater than four and a ribosome density higher than 0.1 a.u. in either strain are shown.
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L3S3P21 B0064  L3S2P21

P 23101 RiboJ YFP

pJSBS.RPU

kan® p15A

Supplementary Figure 1: RPU Standard plasmid

The RPU standard plasmid is used to normalize fluorescence (Methods). The promoter (Pi23101) sequence is provided
in Supplementary Table 1. The insulator (RiboJ) sequence is provided in Supplementary Table 2. The RBS
(BBa_B0064) sequence is provided in Supplementary Table 3. The protein (YFP) sequence is provided in
Supplementary Table 4. The terminator (L353P21, L352P21) sequences are provided in Supplementary Table 5. The
full plasmid sequence is provided in Supplementary Table 14.
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L3S3P21 B0064 L3S2P21 RBS 10T
o
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PLaciiq) regulator
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plasmid architecture

T ~
U

kanR p15A

L383P21 B0064  L3S2P21

Pout RiboJ YFP

Reporter
plasmid architecture

KanR p15A

Supplementary Figure 2: General plasmid architectures

All sensors are assembled into the same sensor plasmid architecture for characterization. Examples include
pAJM.011, pAJM.336, pAIM.474, pAIM.657, pAIM.661, pAIM.677, pAIM.683, pAIM.690, pAIM.771, pAIM.773,
pAIM.847, pAIM.884, pAIM.969, and pAIM.1642. All output promoters are assembled into the same reporter
plasmid architecture for use in Marionette strains. Examples include pAJM.711, pAJM.712, pAJM.713, pAIJM.714,
pAJM.715, pAIM.716, pAIM.717, pAIM.718, pAIM.719, pAIM.721, pAJM.944, and pAJM.1459. The promoter (Piac,
Placia) sequences are provided in Supplementary Table 1. The insulator (Ribol) sequence is provided in
Supplementary Table 2. The RBS (BBa_B0064) sequence is provided in Supplementary Table 3. The protein (YFP)
sequence is provided in Supplementary Table 4. The terminator (L353P21, L3S2P21, IOT) sequences are provided in
Supplementary Table 5. The full plasmid sequences are provided in Supplementary Note 4.
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Supplementary Figure 3: Initial sensor tuning
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The promoter and/or RBS driving regulator expression was tuned, and the response function for each construct is
shown. Darker color denotes higher expression of the regulator, as determined by the relative promoter and RBS
strengths. All data are from experiments using E. coli DH10B cells in mid-log growth in LB media. The mean of three
replicates performed on different days is shown and error bars represent the standard deviation. The promoter and
RBSs are listed and their sequences are provided in Supplementary Tables 1 and 3.
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Supplementary Figure 4: Initial sensor engineering

Mutations were made based on either rational design or inspired by the literature. a) Output promoters with
operators added, removed, or moved were tested. b) The Ara sensor was tested with and without the constitutive
expression of the AraE transporter. c) Multiple promoters described in the literature were tested. d) Output
promotes with mutations made to the -10 box were tested. Multiple promoters in the diagram denote that multiple
promoter variants were tested. All data are from experiments using E. coli DH10B cells in mid-log growth in LB media
(except M9-glucose was used in part b.) The mean of three replicates performed on different days is shown and
error bars represent the standard deviation. Promoter variants are listed and their sequences are provided in
Supplementary Table 1.
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Supplementary Figure 5: Effect of sensor evolution on response functions

The genetic design of each sensor is shown, with non-synonymous (red) and non-coding or synonymous (grey/black)
mutations noted. Mutations in grey were also applied to the parental sensor. The corresponding response functions
comparing the evolved (blue) and parental (grey) sensors. All data are from experiments using E. coli DH10B cells in
mid-log growth in LB media. The mean of three replicates performed on different days is shown and error bars
represent the standard deviation. Response functions were obtained by fitting the experimental data to Equation 1
and are shown in Figure 2a. Response function parameters for evolved sensors are provided in Table 1. Sequences
of promoters and regulators are provided in Supplementary Table 1 and 4.



Recovery primer

GTCAGTGCACGGTCAGGCAGTC ’
‘Bbsl Recovery tag
GTCAGTGCACGETCAGGCAGTCTCTGATTCGTTACEAASACCGTCECGTCATGCGGATCE L3S3P21 A
CPR pn mer TCTGATTCGTTACCAATTACGTCGCGTCATGCGGATCC T
GGTCGACAGTGGCCTACACGAAAGGCCAGACTAC
“ y P, P )
regulator Lacl Out CPR primer
Recovery tag \GGTCGA!SAGM CTACACGAAAGGCCAGACTACGACTCAGTAGTCAGTCCGTCCAGC
Bbsl
’ \GMTCRSTAGTGAGTCCGTCCAGC
Recovery primer
YFP screening plasmid Dual selection plasmid

Sensor library Sensor library

10T ————"~——_ BO0B4 L3S2P21 10T ————"~————_ BOOG4 BOOB4  L3S2P21
Q o

RiboJ
pAJM.223

YFP RiboJ pheS KOD or PK6

pAJM.282 (KOD) / pAJM.228 (PKE)

KkanR p15A KanR p15A

Positive selection plasmid Negative selection plasmid

Sensor library Sensor library
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Q @ Q
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PK6 RiboJ10  smR Psprk  RiboJ  PK6
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kanR p15A kanR p15A

Supplementary Figure 6: Directed evolution selection plasmids

Sensor libraries were constructed as divergent operons flanked by Bbsl sites (black diamonds). Most libraries were
Golden Gate assembled into a dual selection plasmids for selection and into the YFP screening plasmid for on/off
screening. The first two rounds of the Lacl selection utilized the positive and negative selection plasmids,
respectively. The negative selection plasmid contains srpR and Psrpr in order to invert the selection from positive to
negative. CPR primers are used in the emulsion PCR. CPR primers re-introduce Bbsl sites and append recovery tags
to the library. Recovery primers are used in the recovery PCR. Recovery primers anneal to the recovery tags. The
promoter (Psrpor) sequence is provided in Supplementary Table 1. The insulator (RiboJ, RiboJ10) sequences are
provided in Supplementary Table 2. The RBS (BBa_B0064, srpl) sequences are provided in Supplementary Table 3.
The protein (YFP, PheS, PK6, KOD, SrpR) sequences are provided in Supplementary Table 4. The terminator (L3S3P21,
L3S2P21, 10T, ECK120033737) sequences are provided in Supplementary Table 5.
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Supplementary Figure 7: Chemical antagonism

a) Response functions with Sal (light/dark orange) and without Sal (grey/blue) for parental CymR (left) and evolved
CymRAM (right) are shown. b) Response functions with IPTG (light/dark orange) and without (grey/blue) IPTG for
parental AraC (left) and evolved AraC*M (right) are shown. All data are from experiments using E. coli DH10B cells in
mid-log growth in LB media. The mean of three replicates performed on different days is shown and error bars
represent the standard deviation. Response functions were obtained by fitting the experimental data to Equation
1. Sequences of promoters and regulators are provided in Supplementary Table 1 and 4.
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Supplementary Figure 8: Chemical cross-reactivity
CymR, NahR, VanR, PhlIF, and PcaU respond to similar chemical inducers. a) Response functions for the parental
regulators with cognate inducers and cross-reactive inducers (where appropriate) are shown. b) Response functions
for the evolved sensors with cognate inducers and cross-reactive inducers (where appropriate) are shown. Response
functions were obtained by fitting the experimental data to Equation 1. c) Cross-reactivity responses of parental
regulators are shown. d) Cross-reactivity responses of evolved regulators are shown. Cross-reactivity heat maps are
provided in Figure 2b. Inducer concentrations are 100 uM Cuma, 100 uM Sal, 100 uM Van 10 uM DAPG, 1 mM
DHBA. All data are from experiments using E. coli DH10B cells in mid-log growth in LB media. The mean of three
replicates performed on different days is shown and error bars represent the standard deviation. Sequences of
promoters and regulators are provided in Supplementary Table 1 and 4.
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Supplementary Figure 9: Genomic integration of the Marionette cluster
Regulators were assembled into RK6 suicide vectors. Regulators were serially integrated into g/vC locus of the E. coli
MG1655 genome using A Red recombineering (Methods). All part sequences are provided in Supplementary Tables
1-5. The sequence of the full cluster is provided in Supplementary Table 7.
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Construct RBS Score Note| RBS Score Note] RBS Score Note] RBS Score Note| RBS Score Note| RBS Score Note
Plasmid phl2 6066 cym1 5300 lux1 23403 van2 10916 lac1 3379 tet1 25607
Genome 6.1 phl6 620 low [ cym3 391 low| Ilux2 4056 good| vand 13069 low| lac3 328 low | tet3 62294 high
Genome 6.2 phl3 1999 good | cym2 4631 good lux2 4056 good | van5 26850 low| lacd 973  low tetd 52502 high
Genome 6.3 phi3 1999 good | cym2 4631 good| Ilux2 4056 good| van3 42112 good| lac5 3868 low tet2 17908 good
Genome 6.4 phl3 1999 good | cym2 4631 good| Ilux2 4056 good| van3 42112 good| lacs 3868 low| tet2 17908 good
Genome 6.5 phi3 1999 good | cym2 4631 good | Ilux2 4056 good| van3 42112 good| lac2 10889 good tet2 17908 good
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Construct RBS Score Note| RBS Score Note] RBS Score Note| RBS Score Note
Plasmid aral 2953 el 930 bet2 1147 ttg2 17865
Genome 9.1 ara2 6374 good el 930 good| bet2 1147 low ttg4 19594 high
Genome 9.2 ara2 6374 good el 930 good | bet2 1147 low ttg3 17908 good
Genome 9.3 ara2 6374 good el 930 good| bet4d 1720 low ttg3 17908 good
Genome 9.4 ara2 6374 good el 930 good| betd 8155 good ttg3 17908 good
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Plasmid pca2 17865 nah2 2450 cin1 22373
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Genome 11.2 | pca3 105849 good | nah3 3135 good
Genome 12.1 | pca3 105849 good [ nah3 3135 good| cin2 2076 good

e emmp e T
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Supplementary Figure 10: Tuning the RBSs in the Marionette cluster

The Marionette cluster was integrated in three sections (Supplementary Figure 9).
regulator was tuned by iteratively designing, building, and testing multiple versions of each section. The RBS name,
score (Translation Initiation Rate from the RBS Calculator in arbitrary units), and a qualitative assessment of the RBS
strength are provided for each regulator in each construct. See Methods for full description. All part sequences are

provided in Supplementary Tables 1-5.
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Supplementary Figure 11: Marionette-Wild response functions
Response functions for each of the 12 output promoters with their cognate inducers are shown. All data are from

experiments using cells in mid-log growth in LB media. The mean of three replicates performed on different days is

shown and error bars represent the standard deviation. Response functions were obtained by fitting the

experimental data to Equation 1 and are shown in Figure 3b. Response function parameters for genomic sensors

are provided in Table 1. Sequences of promoters are provided in Supplementary Table 1. Sequences of reporter
plasmids are provided in Supplementary Note 4.
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Supplementary Figure 12: Marionette-Wild induction time course
First column) Time course data from mid-log phase are shown. Inducer was added at different times (black) or not
at all (white). Second column) Inducer response functions after five hours of induction are shown. Third column)
Time course data from mid-log to stationary phase are shown. Inducer was added at different times (black) or not
at all (white). Forth column) Inducer response functions after 20 hours of induction are shown. See Methods for
growth and induction details. The mean of three replicates performed on different days is shown and error bars
represent the standard deviation. Inducer concentrations were: 25 uM DAPG, 100 uM Cuma, 10 uM 0OC6, 100 uM
Van, 1 mM IPTG, 200 nM aTc, 4 mM Ara, 10 mM Cho, 1 mM Nar, 1 mM DHBA, 100 uM Sal, and 10 uM OHC14. LuxR,
AraC, NahR, and CinR are activators, while the other regulators are repressors.
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Supplementary Figure 13: Inducer cross reactivity in Marionette-Wild in mid-log and stationary phase

Cross-reactivity responses in mid-log and stationary phase (Methods) are shown. A cross-reactivity heat map of the
mid-log data is provided in Figure 3c. The mean of three replicates performed on different days is shown and error
bars represent the standard deviation. Inducer concentrations were: 25 uM DAPG, 500 M Cuma, 10 uM OC6, 100
UM Van, 1 mM IPTG, 200 nM aTc, 4 mM Ara, 10 mM Cho, 1 mM Nar, 2.5 mM DHBA, 250 uM Sal, and 10 uM OHC14.
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Supplementary Figure 14: Impact of simultaneous presence of all inducers on response functions

Marionette-Wild was transformed with each reporter plasmid. Response functions for each output reporter with
the appropriate inducer were determined in LB (grey) or in LB containing the other 11 inducers (black).
Measurements were taken of cells from mid-log phase. The mean of three replicates performed on different days
is shown and error bars represent the standard deviation. Inducer concentrations were: 6.25 uM DAPG, 100 uM
Cuma, 1 uM 0C6, 100 uM Van, 1 mM IPTG, 50 nM aTc, 1 mM Ara, 5 mM Cho, 1 mM Nar, 625 uM DHBA, 100 uM Sal,

and 1 uM OHC14.
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Supplementary Figure 15: Impact of growth media on sensor performance

Marionette-Wild was transformed with each reporter plasmid and grown with (black) and without (white) the

cognate inducer in a variety of media compositions (Methods).

Measurements were taken of cells from mid-log

and stationary phase. The mean of three replicates performed on different days is shown and error bars represent
the standard deviation. Inducer concentrations were: 6.25 uM DAPG, 100 uM Cuma, 1 uM OC6, 100 uM Van, 1 mM

IPTG, 50 nM aTc, 1 mM Ara, 5 mM Cho, 1 mM Nar, 625 uM DHBA, 100 uM Sal, and 1 uM OHC14.
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Supplementary Figure 16: Induction of sensors on plates

Marionette-Wild was transformed with each of the 12 reporter plasmids and plated on LB-agar with and without
the appropriate inducer. After overnight growth at 37 °C, plates were incubated at 4 °C for one hour and imaged
(Methods). Individual colonies from plates with (black) and without (white) inducer were picked, resuspended in
PBS, and assayed by cytometry. The mean of three replicates performed on different days is shown and error bars
represent the standard deviation. Inducer concentrations were: 25 uM DAPG, 100 uM Cuma, 10 uM OC6, 100 uM
Van, 1 mM IPTG, 200 nM aTc, 4 mM Ara, 10 mM Cho, 1 mM Nar, 1 mM DHBA, 100 uM Sal, and 10 uM OHC14.
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Supplementary Figure 17: Transcription and translation of the Marionette Cluster

a) The genetic schematic of the Marionette cluster is provided for reference. b) The mRNA profile of the sensor
array in Marionette-Wild is shown. c) The translation profile of the sensor array in Marionette-Wild is shown. d)
The mRNA profiles of promoters and terminators are shown. Shaded regions denote the boundaries of the part.
Read count at each nucleotide position was normalized by the total sequencing reads. These data are the result of
a single experiment. See Methods for details. All part sequences are provided in Supplementary Tables 1-5.
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Supplementary Figure 18: mRNA levels and protein synthesis rates in E. coli MG1655 and Marionette-Wild
Left) A comparison of the levels of endogenous mRNAs in Marionette-Wild strain and in E. coli MG1655 is shown.
Genes that are differentially abundant (|fold change| greater than four between the two strains), with a FPKM
higher than 0.1 a.u. in either strain are highlighted (red) and listed in Supplementary Table 11. These data are the
result of a single experiment. Right) A comparison of the synthesis of endogenous proteins in Marionette-Wild
strain and in E. coli MG1655 is shown. Genes that are differentially expressed (|fold change| greater than four
between the two strains), with a ribosome density higher than 0.1 a.u. in either strain are highlighted (red) and listed
in Supplementary Table 12. These data are the result of a single experiment.
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Supplementary Figure 19: Growth impact of maintaining genomically encoded Marionette cluster
Marionette-Wild, -Clo, and -Pro (black) as well as their parental strains, E. coli MG1655, DH10B, and BL21 respectively
(grey) were grown in LB. Marionette-Wild was also grown in LB plus all 12 inducers. OD600 measurements were
taken every 20 minutes (Methods). The Marionette-Wild strain grows with a doubling time of 29.0 = 1.9 minutes as
compared 27.1 + 1.2 for wild-type E. coli MG1655. The Marionette-Clo strain grows with a doubling time of 42.3 +
3.8 minutes as compared 45.1 * 3.8 for wild-type E. coli DH10B. The Marionette-Pro strain grows with a doubling
time of 31.1 + 1.1 minutes as compared 34.5 + 1.6 for wild-type E. coli BI21. The Marionette-Wild strain grows with
a doubling time of 29.0 + 1.9 minutes in LB as compared 31.4 + 2.3 for LB plus all 12 inducers. The mean of three
replicates performed on different days is shown and error bars represent the standard deviation. Inducer
concentrations were: 25 uM DAPG, 100 uM Cuma, 10 uM OC6, 100 uM Van, 1 mM IPTG, 200 nM aTc, 4 mM Ara, 10
mM Cho, 1 mM Nar, 1 mM DHBA, 100 uM Sal, and 10 uM OHC14.
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Supplementary Figure 20: Evolutionary stability of Marionette-Wild

a) Marionette-Wild was transformed with each of the 12 reporter plasmids and grown for 14 days. Each day, cells
were assayed with (black) and without (white) the corresponding inducer (Methods). These data are the result of a
single experiment. Data from days 1, 7, 11, and 14 are provided in Figure 3d. b) Marionette-Wild was passaged
between plates and liquid culture nine times and was then transformed with each of the 12 reporter plasmids and
assayed with (black) and without (white) the corresponding inducer (Methods). c¢) Marionette-Wild was diluted 10¢-
fold in liquid culture nine times and was then transformed with each of the 12 reporter plasmids and assayed with
(black) and without (white) the corresponding inducer (Methods). The mean of three replicates performed on
different days is shown and error bars represent the standard deviation. All data are from experiments using cells
in mid-log growth in LB media. Inducer concentrations were: 25 uM DAPG, 500 uM Cuma, 10 uM 0C6, 100 uM Van,
1 mM IPTG, 200 nM aTc, 4 mM Ara, 10 mM Cho, 1 mM Nar, 2.5 mM DHBA, 250 uM Sal, and 10 uM OHC14.

39



PhIFAM:po :DAPG  CymRAM:pe co:Cuma LuxR:P,,5:0C6 VanRAM:p, ~c:Van LacAM:pL :IPTG TetR:PryaTe

= 100 = 100 2 100 3 100 2 100 2 100]

8 B B B 8 B

E E E E E 1S3
Day 1 250 250 250 250 250 <50

£ = g = £ €

=1 =1 =3 =1 =3 =

o o o o o o

Q 0 (&) o (&] 0 [&] 0 (&] 0 (] 0

10° 100 102 103 100 102 103 100 102 103 100 102 103 100 102 103 109 102
Qutput (RPU) Output (RPU) Output (RPU) Output (RPU) Output (RPU) Output (RPU)

2 100 < 100 < 100 < 100 100 100

o © o =3 =3 h=J

o o o o [=] o

£ = £ 5 £ £
Day 14 250 250 <50 250 250 <50

£ ] £ N ] £

3 3 3 3 3 3

S So So So So 8o

103 109 102 103 100 102 103 109 102 103 109 102 103 10° 102 103 10° 102
Output (RPU) Output (RPU) Output (RPU) Output (RPU) Output (RPU) Output (RPU)

Passage 10

Count (% of mode)
o (4] —-

(=] o
1 C
Count (% of mode)
o (4] -

o o
] C
Count (% of mode)
o o P

(=] o
] j
Count (% of mode)
o L4, -

o o
‘ C
Count (% of mode)
o [+, 3

o o
1 o
Count (% of mode)
o (4] b

o o
1 |

=

03 100 102 -3 100 102 3 109 102 103 100 102 3 100 102 1073 100 102
Qutput (RPU) Output (RPU) Output (RPU) Output (RPU) Output (RPU) Output (RPU)

(=]
<
=
<2

1054-fold dilution

Count (% of mode)
o o P
o o
1 |
Count (% of mode)
o o e
o o
1 |
Count (% of mode)
o o -
- o o
= o
Oi
Count (% of mode)
o (4] P
o o
1 |
Count (% of mode)
o o -—h
o o
i |
Count (% of mode)
o o —
o o
1 |

103 109 102 103 100 102 -3 109 102 1073 100 102 103 109 102 103 100 102
Output (RPU) Output (RPU) Output (RPU) Output (RPU) Output (RPU) Output (RPU)
AraCAM:pg, :Ara Betl*M:pg_,:Cho TtgRAM: P, :Nar PcaUAM:p.....DHBA  NahRAM:Pg_ . r.:Sal  CinRAM:p(; :OHC14
< 100 = 100 = 100 = 100 = 100 = 100
o o o o
o o o o o (=]
E E E E £ 1S
- - - - - <
Day 1 =50 250 250 =50 250 50
€ E € € ‘E I
2 2 3 2 3 2
Oqg | Og Og | Og Og | Og |
10° 100 102 103 100 102 103 100 102 103 100 102 103 100 102 10° 100 102
Qutput (RPU) Output (RPU) Output (RPU) Qutput (RPU) Output (RPU) Output (RPU)
2 100 o 100 2 100 < 100 2 100 @ 100]
k] B 8 B 8 8
E E S E £ 153
Day 14 <50 250 250 250 250 <50
5 g 5 5 g 5
o o o o o o
] Co Oo Co ©o ]
103 100 102 103 100 102 103 100 102 103 100 102 103 100 102 103 109 102
Output (RPU) Output (RPU) Output (RPU) Output (RPU) Output (RPU) Qutput (RPU)
Passage 10

Count (% of mode)
o w -

o [=]
i C
Count (% of mode)

3 2
1 |
Count (% of mode)
o w P

o o
i E
Count (% of mode)
o w -

o [=]
i C
Count (% of mode)
o o b

o o
i |
Count (% of mode)
o o -

o o
i |

0
109 102 103 100 102 3 109 102 1073 100 102 3 100 102 3 109 102
Output (RPU) Output (RPU) Output (RPU) Output (RPU) Output (RPU) Output (RPU)
100

&

=
=)
.
o
o
2
=
<

1054-fold dilution 50 50

Q 0
-3 0 102 1073 100 102 103 100 102 3 100 102 103 109 102 10 109 102
Qutput (RPU) QOutput (RPU) Output (RPU) Qutput (RPU) Output (RPU) Output (RPU)

Count (% of mode)
o (4] -
- o o
= [=
:
=) 1
Count (% of mode)
Count (% of mode)
o (%) -
(=] o
1 C
Count (% of mode)
_\Q a
= o
:
S ‘
Count (% of mode)
3 S
1 c
Count (% of mode)
o (4] -
o (=)
{ C

Supplementary Figure 21: Fluorescence distributions of Marionette-Wild after passaging

Cytometry histograms with (black) and without (white) the corresponding inducer are shown. Raw values are white
cell corrected and RPU normalized. Data are from Day 1, Day 14, Passage 10, and 10°*-fold dilution populations of
the evolutionary stability assays (Methods, Supplementary Figure 20). Inducer concentrations were: 25 uM DAPG,
500 uM Cuma, 10 uM 0C6, 100 uM Van, 1 mM IPTG, 200 nM aTc, 4 mM Ara, 10 mM Cho, 1 mM Nar, 2.5 mM DHBA,
250 uM Sal, and 10 uM OHC14. These data are the result of a single experiment.



Supplementary Note 1: Sensor specification sheets.
Each page details the performance specifications of 14 sensors.

Regulator:Pout:Inducer Notes

Information about the inducer including recommendations for preparation and Notes that may prove useful to the user are provided.

storage of stocks is provided. Recommended maximum induction Known instances of cross reactivity are reported;

concentrations are based on induction saturation, solubility, cellular toxicity, values are based on fold-induction. Known instances

cross-reactivity, and antagonism. of antagonism are reported; values are based on the
change in fold-induction at the midpoint of the
response function.

Plasmid-encoded regulator

Information about the performance of the plasmid-encoded regulators in E. coli DH10B is provided. Response of the output promoter
(encoded on the plasmid shown) as a function of inducer concentration in E. coli DH10B in mid-log phase is plotted. The mean of three
replicates performed on different days is shown and error bars represent the standard deviation. Dashed lines indicate the extension of the
response function beyond inducer concentrations for which data have been collected. The grey boxed region denotes inducer
concentrations above the recommended maximum induction concentration. Recommended maximum induction concentrations are based
on induction saturation, solubility, cellular toxicity, cross-reactivity, and antagonism.

Each response function was obtained by fitting the experimental data to Equation 1 (Methods) the curves for which are shown in Figure 2a.
The response function parameters are provided in Table 1 and Supplementary Table 6.

The plasmid map used to generate these data is shown, and their sequences are provided in Supplementary Note 4.

Cytometry histograms for no induction (white), moderate induction (grey), and maximum induction (black) are shown.

Genome-encoded regulator

Information about the performance of the genome-encoded regulators in Marionette strains is provided. Response of the output promoter
(encoded on the plasmid shown) as a function of inducer concentration in Marionette-Wild in mid-log phase is plotted. The mean of three
replicates performed on different days is shown and error bars represent the standard deviation. Dashed lines indicate the extension of the
response function beyond inducer concentrations for which data have been collected. The grey boxed region denotes inducer
concentrations above the recommended maximum induction concentration. Recommended maximum induction concentrations are based
on induction saturation, solubility, cellular toxicity, cross-reactivity, and antagonism.

Each response function was obtained by fitting the experimental data to Equation 1 (Methods) the curves for which are shown in Figure 3b.
The response function parameters are provided in Table 1 and Supplementary Table 9.

The plasmid map used to generate these data is shown, and their sequences are provided in Supplementary Note 4.
Cytometry histograms for no induction (white), moderate induction (grey), and maximum induction (black) are shown.
Outputs in the presence (black bars) and absence (white bars) of the appropriate inducer in Marionette-Wild, -Clo, and -Pro in mid-log and

stationary phase are shown. The mean of three replicates performed on different days is shown and error bars represent the standard
deviation.
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AM. . Inducer Cuminic acid
CymR™T:Pcymrc:Cuma Source Sigma 268402
OH Stock 100 mM
>_©_< Solvent EtOH
0] Max induction 100 pM
Storage -20 °C

Notes

-CymR is a TetR family repressor from
Pseudomonas putida

-CymRAM:PCymRC:Cuma induction is 13-fold
antagonized by 100 pM Sal

Plasmid-encoded regulator

10°
100
=)
o
c
= 101
g —_
3 $ 100
102 £ [ ]0uMCuma
kS
2 50 [[]3.9 yMCuma
- | Il 500 pM Cuma
o0 1i
10-3 T BRI RER TN WTTT MR ST I e &) 10_3 100 102
0 103102 107" 100 10" 102 103 104 Output (RPU)
[Cuma] (uM)
Genome-encoded regulator
10 — T arT
prmRC YFP
AJIM.712 (2927 b
100 p ( P)
=)
R 15A
& 1 kan p
= 107
£ —
3 $ 100
2 £ [ ]0 pMCuma
10- 5
2 50 []3.9 uMCuma
® z [l 500 uM Cuma
3
R T
10-3 Ln.- saumsl 1 aumed 3l sanust saiued faud 3y Q 10_3 100 102
0 103102 107" 100 10" 102 103 104 Output (RPU)
[Cuma] (uM)
1 [JopMCuma [l 500 uMCuma
10 ; [, o0 °o® oes * 09
o[
5 100 F
a E
ﬂé’ L
5 101 E
o E
=] E
O I
102 g
il vl el el PlT
103
Marionette strain: Wild Wild Clo Clo Pro Pro
Growth phase: mid-log stationary mid-log stationary mid-log stationary

43




LUXR:PLUXB:OCB Inducer 39C6-HSL
Source Sigma K3007
0o o Stock 10 mM
WN’QO Solvent DMF
H 4 Max induction 10 pM
Storage -20°C

Notes
-LuxR is an activator from Vibrio fischeri

Plasmid-encoded regulator

Output (RPU)

101

100

AT EEETIT EERTIT EERTIT |

10-3 102 1071 100 107 102 103 104
[OCB] (uM)

RBS
lux1

PLacl

PLuxB

YFP JuxR

pAJM.474 (3973 bp)

g 100

£ " []JonMoOCe

5

2 50 [[]39.0nMOC6
z Il 10000 nMOC6
20 i

© " 403 100 102

Output (RPU)

Genome-encoded regulator

101

PLuxB

YFP

100 PAJM.713 (2892 bp)
=)
o
€ 1
5 10
£ —
o $ 100
2 £ [ JonMOCS
10~ ke
aOQ 50 |:|2.4 nM OC6
:E’ [l 10000 nMOC6
3
20 i
'3 A 3 sasmel 3 sasusl 3 aasud 3 gy IRETT BRI EEET]
° 0 10-3 102 10-! 100 10" 102 103 104 ° 0t 400 402
Output (RPU
[OCé] (uM) put (RPL)
; [:]OpIVIOCG . 10 M OCB
10 E - Seo 1 () o =
0k
5 107 E
a o
i L
5 10 E
o E
S E
O -
i OFEI ﬂ ﬁ ﬁ
1073
Marionette strain: wild Wild Clo Clo Pro Pro
Growth phase: mid-log stationary mid-log stationary mid-log stationary
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VanRAM;PV CC:van Inducer Vanillic acid ' ‘ Notes
an Source Sigma 94770 -VanR is a GntR family repressor from Caulobacter
—0 Stock 100 mM crescentus
o) toc m -PcalUAM:P 0. is 2.2-fold induced by 100 uM Van
HO Solvent EtOH VanRAM:p,,__ - is 1.3-fold induced by 1 mM DHBA
OH Max induction 100 uM
Storage -20°C

Plasmid-encoded regulator

RBS

107 i
F Pvancc  yep Placia ,,pAM
100 [ PAJM.773 (3951 bp)
5
o
e
= 101
= —
3 $ 100
102 £ [ JouMVan
S s0 []12.5uMVan
E,C: Il 100 uMVan
3
o0 Il
10-3 fAuml i s PP EEET &) 10_3 100 102
0 10 102 101 100 10! 102 10° 104 Output (RPU)
[Van] (M)
Genome-encoded regulator
10 T arT
Pvancc

YFP

100 pAJM.714 (2887 bp)
g kanR  PT5A
= 101
= —
3 $ 100
" E [ JopMmVan
10 5 5 [7]6.3 uMVan
< [l 100 uMVan
3
o0 Il
10-3 / 3._. 2_. 1_.0.. 1. - 2... 3 . O 10_3 100 102
0 10 10 1O[Var1]0(plv1l)0 10 10° 10 Output (RPU)
[:] 0 UM Van Il 100 pMVan
10" g
E [ =< ]
o o] s
0 E
5 107 F
a E
© C
5 107k
=3 3
3 a e
102 - ﬁ
103
Marionette strain: Wild Wild Pro
Growth phase: mid-log  stationary mld-Iog stationary mid-log stationary
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LaclAM. PTac: IPTG Inducer Isopropyl-B-D-thiogalactoside Notes

Source Gold - 12481C -Lacl is a repressor from Escherichia coli; native
1M gene is present in E. coli MG1655, DH10B, and
Stock BL21, including Marionette strains

Solvent Water -AraCAM:Pg , :Ara induction is 1.5-fold inhibited by
Max induction 1 mM 1 mM IPTG
Storage -20°C
Plasmid-encoded regulator RBS
lac1
10" g i
F PTac YEP PLacl Jac/AM
I PAJM.336 (4304 bp)
100
S
0_ o
e
= 10-1 3
£ E —_
3 f $ 100
102 [ £ []0uMIPTG
S s0 []31.3uMIPTG
1 <
- z Il 1000 M IPTG
o0 M
10-3 L/ s samad 2 v st s s [&]

103 100 102

7103 102 10-1 100 101 102 103 104
0 103 102 10-1 100 101 102 108 10 Output (RPU)

[IPTG] (uM)

Genome-encoded regulator

10° T " ParT
P —
Tac  yrp
100 pAJM.715 (2893 bp)
g kanR  PT5A
= 101
i —
3 $ 100
102 5 ' %gfgﬂ ”:/ITII?’TG
t < 50 S H
:E’ Il 1000 UM IPTG
3
o0 UM
'3 P T BT BT R AT MR AT LAl
B e ot 100 ao 102 303 104 © 103 100 102
0 10 10~ 10" 10 10" 10 10° 10 Output (RPU)
[IPTG] (uM)
[JoumIPTG Il 1000 uMIPTG
10" g
- e, n® - o Ot .
0 E
5 100 F
o o
© C
5 101 E
=3 3
=1 L
o] ) r
i Bl Wi i [l
103
Marionette strain: Wild Wild Clo Clo Pro Pro
Growth phase: mid-log stationary mid-log stationary mid-log stationary
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TetR:P~+..«:aTc Inducer Anhydrotetracycline HCI Notes
" Tet* Source Sigma 37919 -TetR is a repressor from an Escherichia coli mobile
200 uM element; not present in E. coli MG1655, DH10B, or
Stock M BL21
Solvent 1:1 Water:EtOH
Max induction 200 nM
Storage -20°C
Plasmid-encoded regulator RBS
tet1

101

Plet PLacl

YFP tetR

pAJM.011 (3863 bp)
T ~
@,

100

z kanR p15A

T

= 10-1

= —

3 $ 100

2 £ [ ]onMaTc
10 5 50 [6.3nMaTc
by [l 200 nMaTc

1 9 R S g0

103 100 102

" 103 10-2 10-1 100 107 102 103 10
0 103 102 101 109 10! 102 103 10 Output (RPU)

[aTe] (M)

Genome-encoded regulator

101 g T " CarT
3 Plet vep
100 | PAJM.717 (2913 bp)
S f
o L
€ 1
5 10° 3
= E
3 | 0
5 [ £ [ JonMaTe
10 5
E o []6.3nMaTc
: = [l 200 nMaTc
10-3 /’ln-l T T R ETT AR T BT BRI BRI Q 10_3 100 102
0 103102 107" 109 10" 102 103 104 Output (RPU)
[aTc] (uM)
[JonmaTe Il 200 nmaTc
10" g
- B o, - [ i %=
0 E
5 100 F
o o
© r
5 1071 E
o E
=] E
O I
102 g
10-3 T}:i ﬁ TO(T (ﬁ? ﬁ ﬁ
Marionette strain: Wild Wild Clo Clo Pro Pro
Growth phase: mid-log stationary mid-log stationary mid-log stationary
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AraCAM.p -Ara |nducer L-Arabinose Notes
"~ BAD- Source Sigma A3256 -AraC is an activator/repressor from Escherichia coli;
M native gene is present in E. coli MG1655 and BL21
OH o) Stock and Marionette-Wild and -Pro; these strains can also
H OH Solvent Water catabolize Ara
Max induction 4 mM -AraCAM:PBAD:Ara induction is 1.5-fold inhibited by
H Storage -20°C 1TmMIPTG
Plasmid-encoded regulator RBS RBS
aral el
101 y
PBAD  yrp Placl gacAM  grae
pAJM.677 (5793 bp)
100 11
=)
o
e
5 10-1
& —_
3 $ 100
102 £ ’ [ ]OuMAra
S
2 50 [[]15.6 uMAra
- [l 4000 uM Ara
Q0
10-3 7T EEETITT REETT T T T W &) 10_3 100 102
0 103102 107" 100 10" 102 10% 104 Output (RPU)
[Ara] (WM)
Genome-encoded regulator
101 T e T
PBAD  vpp
1 AJM.716 (3126 b
100 p ( P)
=)
R 15A
& 1 kan p
= 107
= —
3 $ 100
2 E [ JopMAra
10- 5
2 50 []15.6 uMAra
° z [l 4000 uM Ara
3
oo L
10-3 ’nu-l én.— .2...-1 :I.n-néu.— 1“..— 2....-| é. " . Q 10_3 100 102
0 10~ 10< 10" 10 10" 10 10° 10
Output (RPU
fAval (uM) PutRPD)
[CJopMAra Il 4000 pMAra
101 g
- op o 1 .
~ 100 E
5 10 : s
5 10 E
o E
= C
O -
- _ ﬂ ﬁ
oLl 11
Marionette strain: Wild Wild Clo Clo Pro Pro
Growth phase: mid-log stationary mid-log stationary mid-log stationary
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AM. . Inducer Choline chloride Notes
Betl 'PBetI'Cho i _Betl is a TetR famil f E _ .
Source Sigma C7017 etl is a TetR family repressor from Escherichia coli;
M native gene is present in E. coli MG1655, DH10B,
| cr Stock and BL21, including Marionette strains
/\/N*’ Solvent Water -Escherichia coli produces Cho, resulting in induction
HO ™~ Max induction 10 mM of Pggy in stationary phase
Storage -20°C
Plasmid-encoded regulator RBS
bet2
101 i
Peett  yrp Placia pogAM
pAJM.683 (3816 bp)
100
=)
o
x
= 101
g —_
3 $ 100
2 £ [ ]omM Cho
10 s % 5 [7]2.5mM Cho
:é’ Il 10 MM Cho
a0
10-3 © 10- 100 102
0 103102 10" 109 10" 102 103 104 Output (RPU)
[Cho] (uM)
Genome-encoded regulator
10 T["Fa—nT
P —
Betl YEP
AJM.718 (2900 b
100 p ( P)
=)
R 15A
& 1 kan P
= 107
£ —
3 $ 100
2 £ []omM Cho
10- f 5
e 50 |:| 0.6 mM Cho
T bt Il 10 mM Cho
3
ao I
o 3 102 10-1 100 101 102 103 104 © 108 100 102
0 10~ 10~ 10" 10Y 10' 10< 10° 10
Output (RPU
(Cho] (uM) Put (RPU)
[CJommcCho Il 10 mMCho
101 g
- 4 sge
i LT .0 oo
0 L
5 107 F
o s
© C
= 101k ©
2 F
o L o
102 g Oﬁ
103
Marionette strain: Wild Wild Clo Clo Pro Pro
Growth phase: mid-log stationary mid-log stationary mid-log stationary
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Ttg RAM :PTtg :Nar

OH

HO'O

Inducer Naringenin
o Source Sigma N5893
Stock ™
Solvent DMSO
O Max induction 1 mM
oH Storage -20°C

Notes
-TtgR is a TetR family repressor from Pseudomonas
putida

-Nar forms a precipitate in media; this does not affect
induction

Plasmid-encoded regulator

RBS

101 i
Pltg yrp Plecia ygpAM
pAJM.661 (3852 bp)
100
= _ ]
o
e
= 101
£ —_
3 $ 100
102 £ [ ]0 puMNar
k]
2 50 [[]62.5 uMNar
£ Il 1000 uM Nar
20
R] PR L
° 0 103 102 10- 100 10! 102 103 104 0ot 00 402
Output (RPU)
[Nar] (uM) Put(
Genome-encoded regulator
101 g T ar—T
F P I_|/
F g vrp
[ AJM.719 (2888 b
100 | P ( P)
5 f ]
R 15A
& 1 ] kan p
5 10 3
g E .
a $ 100
N E [ ]OpuMNar
10k 5
E 2 50 []62.5 pMNar
p . bt Il 1000 uM Nar
L 3
20
'3 P R BRI T R MR BT LAL
R G arr e e s © 103 100 102
0 103102 101 109 107 102 108 10 Output (RPU)
[Nar] (uM)
[] 0 mMNar Il 1000 uMNar
101 g
— 100 E e
E 10 E 8 o o] "
o Qg
€ - &
5 10 E
o E
=] E
O -
i ﬁ ﬁ
ol 11 i [
Marionette strain: Wild Wild Clo Clo Pro Pro
Growth phase: mid-log stationary mid-log stationary mid-log stationary
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Pca UAM:P3BS: DHBA 'nducer 3,4-Dihydroxybenzoic acid

HO Source Sigma 37580
o Stock 1™
HO Solvent EtOH
OH Max induction 1 mM
Storage -20°C

Notes

-Pcal is a IcIR family repressor from Acinetobacter
sp. ADP1

-PcaUAM:P,p . is 2.2-fold induced by 100 pM Van
-VanRAM:p, . ~~ is 1.3-fold induced by 1 mM DHBA

Plasmid-encoded regulator

RBS

101 i
P3BSB  yrp Flacia po,AM
0 - PAJM.690 (4098 bp)
10
=)
[2
=
= 101
=3 —
S $ 100
5 £ ‘ [ ]0 uMDHBA
10 % 5 [7] 156 M DHBA
l E,C: [l 2500 uM DHBA
3
1] PP B 80 105700 02
0 103102 10" 109 101 102 103 104
[DHBA] (uM) Output (RPU)
Genome-encoded regulator
101 T ar T
P3gsc  yep
100 PAJM. 1450 (2930 bp)
=)
R 15A
& 1 kan P
5 10
£ —
o $ 100
- £ [ ]0uMDHBA
10 5 5 [7] 78 uM DHBA
I < Il 2500 uM DHBA
3
10-3 T I T TIPS TTP R R 8 0 10_3 100 102
0 103102 10" 109 101 102 103 104

Output (RPU)

[DHBA] (M)
[]opMDHBA Il 2500 uMDHBA
101 g
E 200
0 L ) O o
= 10 ; ° -
o C
@ C
5 101
o E
= F
O 3
i O’T}Ei ﬂ ﬂ ﬂ ﬁ ﬂ
10-3 1 | | L l
Marionette strain: Wild Wild Clo Clo Pro Pro
Growth phase: mid-log stationary mid-log stationary mid-log stationary
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NahRAM:PSaITTC:SaI Inducer Sodium salicylate . . NOtIeS
Source Sigma S3007 -Na_hR is a LysR family activator from Pseudomonas
o Stock 1™ putida
Na* oc -PhIFAM:pp, - is 2.6-fold induced by 100 pM Sal
Solvent Water ) AM. . . . §
] ] CymR™M:Pymrc:Cuma induction is 13-fold
H Max induction 100 uM antagonized by 100 uM Sal
Storage -20°C
Plasmid-encoded regulator RBS

nah2

101

100

Output (RPU)

10'3 P BRI BRI BRI BRI EEET!

Psartc  yep  Placia ,,_ppAM

pAJM.771 (4184 bp)

$ 100

£ [ JouMsal

k]

< 50 []10pMsal
= Il 1000 uM Sal
3

[e]

o

0 Il

0 103102 101 10° 107 102 103 10%

[Sal] (uM)

103 100 102
Output (RPU)

Genome-encoded regulator

101 ¢ Y
F 3 —>
SalTTC YEP
100 [ PAJM.721 (2953 bp)
=)
e [ kanR p15A
5 1071
g ~
o $ 100
102 [ £ [Jopmsal
g 50 []15.6 pMsal
n: 9 z [l 1000 pM sal
10-3 ,/’A..-n PRTTT EEETTT  EEETT WAt BEEETT W | 8 0 .

0 103102 101 100 107 102 103 10%

[Sal] (uM)

)

- -
o o
=) -y

Output (RPU
2

103 100 102
Qutput (RPU)

[JopmMsal B 250 M sal

Marionette strain:
Growth phase:

— %

% L O % o0, © see
ﬂl ﬁI |

Wild Wild Clo Clo Pro Pro
mid-log  stationary mid-log stationary mid-log stationary
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CinRAM:p .. :OHC14 Inducer 30HC14-HSL | _Notes -
Source Sigma 51481 ;CmR is a LuxR family activator from Rhizobium
eguminosarum
o4 o Stock 10 mM
N % Solvent DMF
H Max induction 10 pM
Storage -20°C
Plasmid-encoded regulator RBS
cin1

101

100

Output (RPU)

10-3 ’/n-l T BRI BRI EEETIT PRI BREITT BT
0 103102 101 10° 107 102 103 10%
[OC14] (M)

Pein  yep Plac Al

pAJM.1642 (4143 bp)

[]0 uMOHC14
[]0.2 yMOHC 14
Il 10 1M OHC14

Count (% of mode)
wn
o

103 100 102
Output (RPU)

Genome-encoded regulator

101

100

10-"1

Output (RPU)

102

1073 L/t st oo 20 aaml 1 1oa

0 103102 101 10° 107 102 103 10%

Pein  vrp

pAJM.944 (3063 bp)

kanR p15A

$ 100

£ 1 [ ]ouMOHC14
‘G

2 50 [[]0.2 yMOHC 14
= Il 10 yMOHC 14
é 0 il

103 100 102
Output (RPU)

Il 10 uMOHC14

[OHC14] (M)
[] 0 yMOHC14
101
_ 100 e [ T

Output (RPU
3

il il IT&TITC’T[

102
103
Marionette strain: Wild Wild Clo o}
Growth phase: mid-log stationary mid-log stationary mid-log stationary
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ACURAM'PA :Acr Inducer Acrylic acid Notes
‘Pacu:

Source Sigma 147230 -AcuR is a TetR family repressor from Rhodobacter
Stock Y sphaeroides
O Solvent Water
Ho)v Max induction 1 mM
Storage 4°C

Plasmid-encoded regulator

RBS

101
YEP  FLaciQ o RAM
0 pAJM.884 (3902 bp)
10
=)
o
3
= 107
2 —
= (]
° 2
102 s
)
g
10-3 Al 1 ivued s sl o ooumd st s sius s siumd s ra 8 10 ; 100 102
0 103102 10" 100 10" 102 103 104
[Acr] (M) Output (RPU)
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AM. . Inducer Erythromycin Notes
MphR o 'PMPh'Ery Source Sigma E5389 -MphR is a TetR family repressor from Escherichia

coli clinical isolates; not present in E. coli MG1655,
T oho N Stock 100 mM DH10B, or BL21

o Solvent EtOH -Ery inhibits translation in Escherichia coli
"0, 0 Max induction 125 pM -EryR methylates the ribosome, confering Ery
g,,/\leH Storage 4°C resistance up to 125 uM
©.
Plasmid-encoded regulator RBS RBS
mph2  ery1
101 H
Puph  yep Placiapppan o R
pAJM.969 (4558 bp)
100
z - - kan® p15A
€ 1
g 10°
= —_
S 8 100
10°2 £ [ ]0pMEry
‘G
) []31.3 uMEry
= Il 250 uMEry
20
10-3 T EETTT R WP T R Q 10_3 100 102
0 103102 101 100 107 102 103 10% Output (RPU)
[Ery] (HM)
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Supplementary Note 2: Sensor evolution

Each page details the process of directed evolution to optimize 12 sensors.

Regulator:Pout:Inducer

The genetic design of each sensor is shown, with non-synonymous
(red) and non-coding or synonymous (grey/black) mutations noted.
Mutations in grey were also applied to the parental sensor.
Response functions of the evolved (blue) and parental (grey) sensors
are shown. All data are from experiments using E. coli DH10B cells
in mid-log growth in LB media. The mean of three replicates from
different days is shown and error bars represent the standard

Directed evolution interventions

The selection parameters for each round of selection are noted. R1
refers to Round 1 of selection. DNAP refers to DNA polymerase
(error-prone PK6 vs high-fidelity KOD). “Shuffle” indicates that
libraries were subject to gene shuffling prior to the next round of
selection.

The first two rounds of the Lacl selection utilized the positive

selection plasmid and the negative selection plasmid, respectively.
All other rounds utilize dual selection plasmids (Supplementary
Figure 6).

deviation. Response function parameters are provided for parental
and evolved sensors, definition are provided in the main text.

Initial library

Degeneracy (orange) was added to the regulator CDS, regulator RBS,
and the output promoter. In the case of Lacl, positions were partially
randomized using multiple degenerate oligonucleotides mixed at
the percentage shown. Black diamonds denote Bbsl restriction sites.
N=A25:C25:T25:G25; W=A50:T50; S=C50:G50; M=A50:C50;
K=G50:T50; D=33A:33G:33T; V=33A:33C:33G.

On/off screen

RPU values for each clone with inducer(s) added as noted (Methods). All data are from experiments using E. coli DH10B cells in mid-log
growth in LB media. The experiment was performed as a single replicate.

Sequencing

Non-synonymous mutations are listed as amino acid changes while synonymous mutations are not listed (i.e., Q18M denotes that the 18t
amino acid mutated from glutamine to methionine). Blue denotes that the exact mutation appears in the final mutant (Regulator™).
* denotes a stop codon.

Consensus mutant testing

Response functions for parental (WT) sensors, evolved sensors, and notable sensors from the literature (Lacl Q18M 2°, AraC C280* *, and
Betl 122T 3!) are shown. Where relevant, response functions with cross-reactive inducers or antagonistic inducers are shown.
Nonsynonymous mutations are shown. Full sequences of promoters and proteins (parental and evolved) are provided in Supplementary
Tables 1 and 4. All data are from experiments using E. coli DH10B cells in mid-log growth in LB media. The mean of three replicates from
different days is shown and error bars represent the standard deviation.
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PhIF:Ppy,r:DAPG Directed evolution interventions
PhiF [CI-Phe] [Negative ligand] DNAP [Positive ligand] Notes
phIFAM PehiE 101 R1 2mM PK6  2.5uM DAPG
& R3 2mM PK6  2.5uM DAPG
=101 R4 2mM PK6  2.5uM DAPG
Parameter Parental Evolved _csx 1 R5 4mM PK6 2.5 M DAPG
Ymax (RPU) 44 25 [s] s R6 4mm PKE  2.5uM DAPG
Vi (RPU X103) 40 25 102 100 12| F 4mM KOD  2.5uM DAPG
K(pM) 36 17 [DAF‘G] (IJM) R8 4mm KOD 2.5 uM DAPG
R9 4mM 10 pM Sal PKE 10 M Sal + 2.5 uM DAPG
n ) 26 21 R0 4mM 10pM Sal PKE 10 M Sal + 2.5 uM DAPG
dynamic range 110 1000 R11  4mM 10uMSal PKE 10 uM Sal + 2.5 uM DAPG
egs - R12 4mM 20 M Sal PK6 20 UM Sal + 2.5 yM DAPG
Inltlal Ilbrary (889 bp) R13 4mM 30 pM Sal PK& 30 uM Sal + 2.5 uyM DAPG Shuffle
R14 4mM 40 pM Sal PK& 40 uyM Sal + 2.5 yM DAPG
RBS R15  4mM 40 M Sal PK6 40 uM Sal + 2.5 uM DAPG
[GGAAGAGAGTCAATTCA GG IGGTGAAT| R16  4mM 50 uM Sal PKE 50 uM Sal + 2.5 uM DAPG
R17  4mM 60 M Sal PKE 60 uM Sal + 2.5 uM DAPG
—» R18 4mM  75puM Sal PK& 2.5 uM DAPG
R19 4mMm 100 pM Sal KOD 2.5 uM DAPG
phiF Placq L3s3P21  PphF R20  4mM 100 uM Sal KOD 100 uM Sal + 2.5 uM DAPG
(606 bp) (66 bp) R21 4mM 100 uM Sal KOD 100 uM Sal + 2.5 yM DAPG  Shuffle
R22  4mM 100 pM Sal KOD 100 pM Sal + 100 M Van +
2.5 uM DAPG
R23 4mM 100 pM Sal KOD 100 puM Sal + 100 pM Van +
2.5 uM DAPG
On/off screen
101 Ono ligand @25 yMDAPG M 100 uM Sal 2.5 uMDAPG + 100 yM Sal 100 M Van
100
o]
o
€ o
] 107
o
E
l¢]
102
10-3
ES 8383885882222 5dRJ88NRR808R3I86ER8eTYeIeese
T O DD DDA DADDDDD DD DD DD DD DDDDDDDDDDDDODODODHDOMO DM DD
E N NN NN AN NN NANNNNANNNNNNNNONANNNNNNNNNNNNNNNNNNNSNNNNNNN
R A s S Y s G G Y G G Y G G G L
L o o o T o o o o o T o o o o T e T o T T T T e
£ £ £ £ L C £ L C C L L C C C £ £ C £ £ oo oo oo o o o o o o o o oo oo oo oo oc o oo o o o
[T« Ty Wy o T« W o Ty o Ty « Ty o Wy oWy o Ty « W o Ty o Wy o T T T o W o My o T T o W Wy o T Ty o T o Ty T o W o W o Ty Wy o T o T o Ty T T iy o Ty Ty o Ty o Wy o Wy o Wy Wy Y
Sequen(“ng Mutant Mutations
PhIF-R23-02 550G, 573
PhIF-R23-05 Q125L, M1371, G197C
PhIF-R23-09 V, M1371, N144D, R:
PhIF-R23-10
PhIF-R23-15
PhIF-R23-20
PhIF-R23-22
PhIF-R23-28 A121V, . G197D, R200C
PhIF-R23-33 , M1371, T1551
PhIF-R23-34 A121V, T124A, M1371, N1441, S148N
PhIF-R23-37 . , L123M, M1371, T1551, P196Q
PhIF-R23-46 I, M1371, VI79A
Consensus mutant testing T4l, S50G, S73I, RO5H, A121V S50G, 8731, R95H, A121V,
Parental P80S, A121V, M137 M1371, N144D, T1551, G197D, R200C M1371, N144D, T1551, R200C
R
phiF Penie phiFAM2  Pppe phiFAM3  Pppe phiFAM  Pppe
[Sal] (uM) [Sal] (HM) [Sal] (uM) [Sal] (uM)
, 0,107 101 103 10,107 101 103 40, 10" 101 103 ;0,101 101 108
10 10 10 10
—_ —_ = j—
§1o° §100 Z100 d
= M Sal = MW Sal W Sal T . MW Sal
=101 =101 =101 X
5 M DAPG 5 WDAPG WDAPG 5 P MDAPG
102 S102 S102 I’f‘!’f””rf’l
=10~ =10~ 510~
o (8] (o] -
103 103 1073 103
0 107 109 10! 10-1 100 10! 0 107" 109 101 0 1071 100 107
[DAPG] (M) [DAPG] (M) [DAPG] (uM) [DAPG] (M)
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CymR:PCymR:Cuma Directed evolution interventions
P CymR [Cl-Phe] [Negative ligand] DNAP [Positive ligand] Notes
cymRAM CGymRC 101 RT  2mM PK6 50 M Cuma
i‘*l 'l'—: é R2 2mM PK6 50 uM Cuma
;10-1 R3 4mM PK6 50 pM Cuma
Parameter Parental Evolved g R4 4mM 10 pM Sal PK6 10 uM Sal + 50 uM Cuma
Ymax (RPU) 8.1 37 010_3 R5 4mM 10 uM Sal PK6 10 uM Sal + 50 yM Cuma
Ymin (RPUX103) 270 43 107 101 103 | Re 4mM 20 pM Sal PKE 20 uM Sal + 50 pM Cuma
K (uM) 29 89 [Cuma] (uM) R7 4mM 30 uM Sal PK6 30 uM Sal + 50 uM Cuma
n 21 24 RS 4mM 40 uM Sal PK6 40 uM Sal + 50 uM Cuma
dynamic range 31 870 R9 4mM 50 uM Sal PKE 50 pM Sal + 50 pM Cuma
Initial library (913 bp) R10  4mM 75 M Sal PK6 75 uM Sal + 50 uM Cuma
R11 4mM KOD 100 uM Sal + 50 yM Cuma
RBS R12 4mM 100 pM Sal KOD 100 uM Sal + 50 uM Cuma
| GGAAGAGAGTCAATTCAI GG GGTGAAT]| R13  4mM KOD 100 uM Sal + 50 yM Cuma  Shuffle
R4 4mM KOD 100 pM Sal + 50 yM Cuma
R15 4 mM KOD 100 uM Sal + 50 uM Cuma
cymR PLacia  L3s3P21 pCSmRC
(612 bp) (90 bp)
Onl/off screen
101 O No ligand B 50 pM Cuma W50 M Cuma + 100 pM Sal
100
5
o
3
=101
j=%
5
]
102
103 FOINOTLORROCTNDNTVORNDISCTNDTWONDDS T NN T DOV NDT W ON®
A O s O G A O 4 SV EN VN I N VN I T w a i w il i i o i o e S iy A s (s A A s A s
QW W W WwWwWwWwwwwwwmowwwwwuwwwwiomwwwuwwwwwWwwwwwwwuwwwwwwwwww
e A A A L 4
XYY rrr My rr DX
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEECEEEEEEEE
A A A A A Al A Al Al A Al A A A Al A A A A A AR AT A A A A AN A A A Al A A A A A A A A A AT A A A A
OO0 00000000000000000000000000000000000I00OOITIITAa
Sequenc"‘g Mutant Mutations
CymR-R15-07  Q16R, A21T, A38V, LE9R, E100D, 5110G, Q128L, G144N, A
CymR-R15-09  A38V, L69R, E100D, 5110G, P121Q, Q128L, V1381, G144N, A
CymR-R15-11  5110G, P121L, Q128L, A171T, R195H
CymR-R15-17  A79V, S110G, A122V, A171T
CymR-R15-28 V26, L69R, E75D, E100D, 5110G, R129H, R153H, A171V
CymR-R15-35  G25A, L69R, A79V, E100D, £110G, Q128L, A171V
CymR-R15-42  S110G, M1411, A171T, S189N
CymR-R15-44  A43V, L6IR, E100D, 5110 V1721
CymR-R15-45  A43V, L69R, E100D, S110G, A171V, V1721, A199V
CymR-R15-47  A23S, 5110G, E125K, A171T
CymR-R15-48  A38V, L69R, E100D, 5110G, R133H, A171V, K200R
Consensus mutant testing
Parental L69R, E100D, S110G, Q128L, A171V S110G, A171V
cymR  Poymre cymRAMZ Peymre cymRAM  Poymre
note: eymRAM2 induction is
pH/cell-density dependent
101 101 10!
2100 2100 Z 100
x
=101 B Cuma =101 B Cuma =101 B Cuma
= B Cuma + = W Cuma + =2 B Cuma +
2402 2402 100 pM Sal '9102 100 pM Sal
=10~ 100 pM Sal 310 a =10~ a
g0 b g10 " 3 Y
03 0 101 102 103 0 101 102 03 0 101 102
0 10Y 10" 10 o 10% 10" 10 0 10% 10" 10
[Cumal] (uM) [Cuma] (uM) [Cuma] (uM)

58




[Van] (uM)

[Van] (M)

VanR:Py,,:Van Directed evolution interventions
VanR  [Cl-Phe] [Negative ligand] DNAP [Positive ligand] Notes
vanRAM Pvancc RI 2mM PKE 10 M Van
W = R2 2mM PK6  10uMVan
510_1 R3  2mM PKE 10 M Van
Parameter Parental Evolved _:é R4 2mM PK& 10 uM Van
Yimax (RPU) 39 30 a - RS 4mM PKE 10 uMVan
Ymin (RPUX103) 160 24 102 100 102 | R 4mM PK& 10 uMVan
K (M) 24 26 [Van] (M) R7 4 mM KOD 10 uM Van
n 11 23 R8 4mM KOD 10 uM Van
dynamic range 24 1200 R9 4mM 825 uM DHBA KOD 10 puM Van Shuffle
— . R10  4mM 1250 uMDHBA KOD  10uMVan
Initial library (1006 bp)
R11 4mM 2500 uM DHBA KoD 10 M Van
RBS -10 box
[GGAAGAGAGTCAATTCAN GG GGTGAAT] |[TAnNT]
vanR Placia  L3s3P21  Pyan
(735 bp) (50 bp)
On/off screen
101 Onoligand @10 uMVan @250 yM DHBA
100
2
o
€ o
] 107
o
s
e}
102
Ol dmammadnenmmmannanian | ETLETd
10 WMoNOOTNORVROTTANONFTDORDORO-TNOFTLO~RORO - NOFTODONNODRO — OO T DO N0
TR R R R R TnTnNn R R nnNQaaQaiaqRQaORQRRRRTITIIIITY
S EFEFErrrrrrrrrrrrrrrrrrrrrrsrrrrrrrTrrrrrc—rrrrr—r
grrocarcorrrcocrrcrcrccrrrcrrrcrorarcrrcrccrrrocea
o
ccccccccoccccccccccccccccccccccccccccccccccccccccec
0 0o ® M0 [000 00 000000000000 00000000000 00000 0000000000
>>53>3>5>5>>>>>>>>>5>5>>>> 000005550 >>>0 55555555 >
Sequenc"‘g Mutant Mutations
VanR-R11-03 M3, 1491, AG3T, P179T E205K
VanR-R11-09  T491, R108C, S155G
VanR-R11-30 T491, ASTT
VanR-R11-39 T491, H106N, A107T, A111V, P179S, E205K
VanR-R11-40 R5H, T491, A121T L144M, A187V
VanR-R11-41 T491, A111V, P179S
VanR-R11-45 P4S, T49], A103T, A118V
VanR-R11-46 R5H, T49!
VanR-R11-47 T491, A107T, A111V, N126D, E226, A229T
VanR-R11-48 A15T, T491, A111V, A187V, V195l, A238T
Consensus mutant testing
Parental T491 T491, A111V, P179S
N
vanR  Pvancc vanRAM2 Pyance vanRAM  Pyancc
[DHBA] (uM) [DHBA] (uM) [DHBA] (uM)
10,101 102 103 ;0,101 102 10° , 0,101 102 10°
10 10 10
Ewo /,u”f/_ §100 Emo
= +¥ | mDHBA 3 W DHBA 3 W DHBA
=101 =101 =101
=] W Van 3 Wl Van =] W Van
S102 S102 S102
=10~ =10~ =10~
o o o |
103 1100 101 102 103 1100 101 102 103 1100 101 102
0 1071100 10" 10 0 1071100 10" 10 0 101100 10" 10

[Van] (M)
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Lacl:P,:IPTG Directed evolution interventions
Lacl [CI-Phe] [Negative ligand] DNAP [Positive ligand] Notes
lacAM Prac 101 R1 - PK6 50 uM IPTG Pastive selection
, A#\T —— E R2 - 0 uM IPTG PK8 - Negative selection
510_1 R3 4 mM PK6& 50 uM IPTG Dual selection
Parameter Parental Evolved é R4 4 mM PK6 50 uM IPTG Dual selection
Ymax (RPU) 34 33 o: a RS 4 mM PK6& 50 uM IPTG Dual selection
Ymin (RPU x103) 92 48 10 107 10! 103 R6 4 mM KOD 50 uM IPTG Dual selection
K (M) 170 140 [IPTG] (uM) R7 4mMm KOD 50 pM IPTG Dual selection
n 18 18
dynamic range 370 700
Initial library (1359 bp)
L296 Q201 W220 F161 Q18
43%:VIG [43%: VG [27%: VG [27%: VNG
57%: 57%: 55%:NDC [55%:NDC
13%:1 G |18%:WKG
o A lee T enme
lacl Plac  13s3P21  Prac
(1083 bp) (56 bp)
On/off screen
10! O No ligand 01000 pM IPTG
100 3 I
=) 3
o 3
E o
1074
i=3 3
= 3
o ]
102 | ’-H
ws-hr(m( HHHH]”]HH pllol il (el (FIE o
ES 8838858820228 883885888358838
o
s O O O O O Op OF O OF OO OF O OF OF OF O°F OF OF OF OF OF OF OF OC OF O 6 O OF OF O OF OF OF OF
0O 0000000000000 OO0 O0OGOCO0O00U0UO0TTCDOOO0O0G0CDOOTGCTOT O
5 3355338353558 353°853358333533535553583353558533535883+5%y
SequenCIng Mutant Q18 A43  F161  W220 Q291 L296 Mutant Q18  A43  F161 W220 Q291 L296
lackR7-00 Q@ A W W Q@ M lackR720 @ A Y W Q@ L
lackR7-03 M Vv Y W Q@ L lackR7-21 Q@ A Y W Q@ L
lackR7-0 M A Y W @ M LackR7-25 M Vv Y W @ L
lackR7-07 Q@ A Y W a L LackR7-28 M VY W oa L
Lacl-R7-10 M v Y w Q L Lacl-R7-29 Q A Y w Q L
Lacl-R7-11 Q A Y w Q L Lacl-R7-30 Q A Y w Q L
Lacl-R7-14 Q A Y w Q L Lacl-R7-31 H A Y w Q |
lackR7-6 Q@ A Y W a L LackR7-32 @ Vv Y W Q@ L
lackR7-7 Q@ A Y W a L lackR7-33 @ v w w a |
lackR7-8 Q@ A Y W a L
Consensus mutant testing
Parental Q18M F161Y Q18M, F161Y Q18M, A47V, F161Y
fac! Prac JaciAM2  Pyge JaciAM3 Py laciAM4 Prye facAM Prac
101 101 101 101 101
z100 z100 Z100 Z100 Z100
€ o =101 Z10-1 € €
=107 =10 =10 =10 =107
j=% Q [=% [=% =%
310-2 810-2 310-2 310-2 '310-2
102 - 108 ; 103 - 103 ; 103
0 10° 101 102 103 0 10° 10" 102 103 0 109 101 102 103 0 10° 10" 102 103 0 10° 101 102 103
[IPTG] (uM) [IPTG] (uM) [IPTG] (uM) [IPTG] (uM) [IPTG] (uM)
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AraC:Pgpp:Ara Directed evolution interventions
AraC  [CI-Phe] [Negative ligand] DNAP [Positive ligand] Notes

aracAM araE Peap RT  2mM 1000puMIPTG ~ PK6 1000 uMIPTG + 50 uM Ara

T T ] I hT - E R2 2mM 1000 pM IPTG PK6& 1000 uM IPTG + 50 uM Ara
T R3 4mM 1000 pM IPTG PK6& 1000 pM IPTG + 50 uM Ara

Parameter Parental Evolved E R4 4mM 1000 pM IPTG PK8 1000 pM IPTG + 50 pM Ara
Yimax (RPU) 078 12 3
Ymin (RPUX103) 12 24 101 101 108
K (uM) 58 37 [Ara] (LM)
n 14 15
dynamic range 65 500

Initial library (2848 bp)

C280 E169 E165 L133

[Tis [ vea T viA | |
araE araC Plac  L3s3P21  Peap
(1419 bp) (879 bp) (289 bp)
On/off screen
101 ONo ligand W50 pMAra 050 yMAra + 1000 pM IPTG
10
o
o
€ o
107
o
=
5]
- ‘ ‘ |
L1 LA AN LA b RN RNN R Kb kA E b Ml
A E‘-NC’)VLD(QI‘-CQG)O'!—NﬂlelDI‘-CQmO'—NC")QIHCDI‘-WG)OY—N(‘O‘I’LOLDI‘-DDOJOFNMVID@I’\@U)O'—g(")ﬁ‘m@l\-wo)cl—(\lﬂvmwh-como‘—(\l
SRR LR ORI L SO SR S A AR A LR R S L EE R AT L LR LG
(I35 2 1331323 45231331 2022 243111 1 1021 2 4 1 T T 14 S A T T 1 1 1 11 A 22 A T4 T 14 1 2
LAGA00C0AAAAAAAAALGARACAABAAGAOAAAAAAGAOAAOAAAAAAAAGAAAICAABAACAOAAAAOAG
e R o R R R ol
LT ILLILLTILL I LI I LI LI LI LLLILLLLLLLLLLLLLLLLLLLLILLLLLLLLLLLLLLLLLLLLLL
SequenCIng Mutant L133 E165 E169 C280
AraC-R4-06 R L K W
AsCR4&14 L R G C
AraCR4-13 | P a ¢
AaCR421 F A A S
AraC-R4-22 s R G L
AraC-R4-23 w G I L
AraC-R4-31 F L G L
AraC-R4-32 R | L w
AlaCR443 M E G W
AraC-R4-47 M R A F
AraC-R4-49  F L L v
AraC-R4-54 ] v A L
AraC-R4-57 I v E F
AraC-R4-63 w G E L
Consensus mutant testing
Parental c280* L133F, E165L, E169G, C280L
P
araC arat Pgpp araC?M2 araf Ppap araC”M araf Pgap
10? 101 101
S.50 =) D400
o 10 z 10 10
& 1 mLB € 1 mLB 4 ) mLB
-ém' gOLB + 1mMIPTG 210' OLB + 1 mM IPTG *g_m' OLB+ 1 mMIPTG
5102 W M9 glucose g 102 W M9 glucose 8 102 W M9 glucose
s 103 0101 102 103 103 0101 102 103
0 10° 101 102 10 0 102101 102 10 0 102101 102 10
[Ara] (LM) [Ara] (M) [Ara] (UM)
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Betl:Pgq¢:Cho

Directed evolution interventions

Betl [CI-Phe] [Negative ligand] DNAP [Positive ligand] Notes
petiAM Paet RI 2mM PK6  5mM Cho
: - | I N 5 R2  2mM PK6  5mM Cho
T R3 4mMm PK6  5mM Cho
Parameter Parental Evolved _a R4 4 mM PK& 4 mM Cho
Ymax (RPU) 0.03 26 8 R5 4 mMm PK& 3 mM Cho
Yimin (RPU x1 0-3) 6.5 85 109 102 104 R6 4 mM PK6 2 mM Cho
K (pM) 9000 4100 [Cho] (uM) R7 4 mM KOD  1mM Cho
n 25 27 R8 4mM KOD 1 mM Cho
dynamic range 5 310
Initial library (871 bp)
RBS
[GGAAGAGAGTCAATTCANGGH GGTGAAT]
betl Placia  13s3P21  Pgetl
(588 bp) 63 bp)
On/off screen
100 [ No ligand [ 1000 pM Cho
100
]
o
€ o
=107
o
=
s}
} “ |-| ’-l ’I ’-l ﬂ
1073 " |] " d
Mo NOFT ORI - NN TNDO~NDDO - NNTNORDDO - NMOTNOMNODO —ONOT WO
R R A R i il I I B I T B R I A v A e e B U
q‘:,mcncocoeouoaoaoeoeommconoeou:cncocoecuouoco:oeommmwwwmmwwwwmwmmmmwww
grrrcroroocrrroeorrroorcrrrorocrrorrrccrroc e erohro
b 3350 C6C6GGG3 366063 S GG G666 G635 0006GG 66606666 638606068
D000 OO0000000N00000ND00D00000ND00N0O000000O0O000ON0MN0M0NMO0NMNMMHMA
SequenCIng Mutant Mutations
Betl-R8-02 M1211, Q127H, A180V
Betl-R8-06 R37C, 51151
Betl-R8-14 51151, D195N, *196RYGSA*
Betl-R8-15 51151, K177E, H186Q
Betl-R8-16 51151, K173E
Betl-R8-19 D7ON, S115N, A180V
Betl-R8-23 H7TY, 51151
Betl-R8-30 G93D, Q149H, A180V, R185H
Betl-R8-36 132V, 51151, S182N, T189I
Betl-R8-39 R51H, H77L, S102N, A180V, D195N, *196G*
Consensus mutant testing
Parental 12T S1151, A180V S1151
— » » >
betl Pgeti bet™M2  Ppey petiAM3  Ppet bef,AM Pget
101 101 101 - 101
Z 100 Z 100 Z 100 Z100
€ . € € . e .
=107 =107 510 =10
s 2 £ 2 2 2 ‘9-10 2
=5 = =1 |~ =2 K 3 =< 9
3102 | 210 310 3
103 10 103 103

0 10" 102 103 10%
[Cho] (uM)

-3
0 10" 102 103 104

[Cho] (uM)

0 10" 102 103 104
[Cho] (uM)

0 10" 102 103 104
[Cho] (uM)
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Tth:PTtg:Nar Directed evolution interventions
TtgR [CI-Phe] [Negative ligand] DNAP [Positive ligand] Notes
P 1 RT  2mM PKE 250 uM Nar
ttgRAM Tg 10 W
: , i T 2 R2  2mM PKE 250 uM Nar
E,10_1 R3 4mMm PK6 250 uM Nar
Parameter Parental Evolved f} R4 4 mM PK& 250 pM Nar
Yimax (RPU) 0.36 0.46 a . ' RS 4mM PKG 250 uM Nar
10
Ymin (RPUX109) 8.1 34 w01 100 103 FE 4mMm PK6 250 uM Nar
K (UM) 500 05 [Nar] (M) R7 4 mM KOD 250 uM Nar
n 3.0 19 R8 4mM KOD 250 pM Nar
dynamic range 44 140
Initial library (904 bp)
RBS
[GGAAGAGAGTCAATTCA GGIIGGTGAAT]|
ttgR Placia  L3s3P21  Pryg
(633 bp) (51bp)
Onl/off screen
101 O No ligand W 250 pM Nar
100 4 I
=) E
a E
T
5107 5
a =
] 3
] ]
B J J J
103 ] MAADANMNEED Il ||
EFNNEWQNQOOFNNVWEV“-!DO'}D"‘N(‘)VIO(DI'-!DO'.!DFNNVWLDI"-(DO‘AO\—NN‘TIOLD
£ PRIRTITILLN TN TN TNAQYAAAAANANQRRRARDRRDRDTYTYTYTYTYT
Emmmmmmmmmmmmmmccmmmaonon\:lmmmmwmmmwmmmmmmmmmmmmmmmm
grEreocoorreooteboacoor e C b LT e Edane
[T o o i+ o o e o o' ¢ A o ¢ o o ¢ A 0 o o+ A o v o o ¢ A ¢ o 0 v ¢ ¢ e o ¢ ¢ A o e
2PpPPEPDDDDODDDRDEDDDDRDERDDODDDDDDRDDEDRDODDRBDOODDDDRERD
FFFFFFFFFFFFFFFFFFFEFFFFFFFFFFFFFFFEFFFFEFREFRFEFEFR
sequenc"‘g Mutant Mutations
TtgR-R8-08 RY0H, R130H, A144T
TtgR-R8-29 AB1T, HETL, G140A, E161G
TtgR-R8-30 AB1T, R130C, A144T, R151H, K193N, A207T
TtgR-R8-34 117V, HETR, D71N, A144T, A146V, A148V
TtgR-R8-43 R130H, A148Y
TtgR-R8-45 STON, R130H, A144T, A148V, *211Q"

Consensus mutant testing

Parental
ttgR Prig
101
Z 100
e
=101
j=%
310-2
-3
105" 500 107 102 10°

[Nar] (M)

R130H, A144T, A148V

{ngAM l:'Ttg

-3
0 109101 102 103
[Nar] (uM)
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PcaU:P,ps:DHBA Directed evolution interventions
3B5
Pcal [Cl-Phe] [Negative ligand] DNAP [Positive ligand] Notes
Fl
peal/AM 3858 qqf R1 2mM PK6 500 M DHBA
2 R2 2mM PKE 500 M DHBA
| IR o
'510_1 R3 4mm PKE 500 M DHBA
Parameter Parental Evolved .‘3 R4 4mM 10 uM Van PK& 10 uM Van + 250 pM DHBA
Ymax (RPU) 14 16 a 3 RS 4mM 20 uM Van PKE 20 pM Van + 250 uM DHBA
Ymin (RPU XTU’S) 94 45 10 100 102 104 R6 4mM 20 pM Van PK& 20 pM Van + 250 yM DHBA
K (UM) 820 370 [DHBA] (M) R7 4mM 30 uM Van PKé 30 M Van + 250 uM DHBA
n 29 18 R8 4mM 40 pM Van PKE 40 pM Van + 250 uM DHBA
dynamic range 150 360 R9 4mM 50 uM Van PK6 50 yM Van + 250 uM DHBA
PR R10  4mM 75 uMVan PK6 250 M DHBA
Initial library (1153 bp)
R11 4mM 100 uMVan KOD 250 M DHBA
RBS 10 box R12  4mM 100 uMVan KOD 100 uM Van + 250 uM DHBA
[GGAAGAGAGTCAATTCA |GG GGTGAAT] [AA 1A R13  4mM 100 uMVan KOD 250 yM DHBA Shuffle
R14  4mM 100 uM Van KOD 200 yM DHBA
R15 4mM 100 uMVan KOD 100 yM DHBA
pealt Placia L3s3P21  Paps
(837 bp) (93 bp)
Onl/off screen
101 [Ono ligand @250 yM DHBA @ 100 uMVan
100
=)
o
E o
5107
[=%
]
e}
- | | | | | | |
103 TN FTDORODROTTrANNDTDO~RNODIO - NDTWORODRODTNDTN OO NOT WO Q
€992 YT T IT NN T TN RN QUAANQRAAEAQODROQQFROIITYIYIYIIITT
g a8 NE P e P R NN R ERER
I I R R I R I R A R R 1 1 ar
5000002002000 IIIIIIDIIIDIIIDIDD
mﬂmmmsmmmsmmmmmmmmmmmmmmmmﬂmmmsmmssmmmmmmmammmmm
o 0 0 0 O o 0 o QO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o O o 0 0 0 0 0 0 0 0 0 0 0 0
[« Wy w W « Wy« W o T o W TR o WY o T o Ty T Ny Y T T o WY o T o WY T T o T T+ Y Y o W o WA TR o WY o T o T o T T T T o T o TR o T o T o T o T O e T+ W n T « T « T T+ 9
sequenc"lg Mutant Mutations
PcaU-R11-04  K14N, A165T, N201H
PcaU-R15-01  G102S, A165T, K212N, K256E
PcalU-R15-02  G98A, G102S, P107S, P162S, V241l
PcaU-R15-04  A165T, K212N
PcaU-R15-05  G1028, A165T, S209N
PcaU-R15-07  A165T, K212N
PcaU-R15-13  A165T, Q181K, K212N, Q237R
PcaU-R15-18  A165T, K212N
PcaU-R15-22  A165T, N201H, R206C, Q261H
PcaU-R15-25  A165T, Q192R, 1260V
PcaU-R15-27  A165T, K212M
PcaU-R15-30  A165T, L193V, K212E
PcaU-R15-33  A165T, V241l, N276I
PcaU-R15-36  A165T
PcaU-R15-37  T20N, A165T, S122R,R206C, Q237R, V241l
PcaU-R15-38  K9R, A165T, A174T, Q261R H262Y
PcaU-R15-48 M1l A165T, Q192R
Consensus mutant testing
Parental A165T, K212N K14N, A165T, N201H
P
pcal  Pass pecallAM2  Papsg pcaUAM  P3psp
[Van] (M) [Van] (uM) [Van] (M)
4 0,107100 101 102 4 0,101100 101 102 4 0,101100 101 102
10 10 10
=) =) =)
& 100 & 100 @ 100
=101 EVan %10_1 HVan E1D'1 HVan
5 W DHBA 5 Il DHBA 5 B DHBA
S102] S102 S102
=10~ =10~ =10~
o o B o 1
102 102 103
0 10! 102 103 0 10! 10?2 102 0 101 10?2 10%
[DHBA] (uM) [DHBA] (uM) [DHBA] (uM)
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NahR:Pg,,:Sal Directed evolution interventions
NahR  [Cl-Phe] [Negative ligand] DNAP [Positive ligand] Notes
P
o nahRAM salrcc g1 RT 2mM PKE 50 uM Sal
pem— " T = R2  2mM PK6 50 M Sal
Euﬁ R3 2mm PKE 50 M Sal
Parameter Parental Evolved g R4 2mM PK6& 50 uM Sal
Yimax (RPU) 11 28 a N RS 4mMm PKE 50 uM Sal
10°
Ymin (RPUX103) 17 4.7 103 101 101 103 | B8 4m™M PK6  50pM Sal
K (UM) 9.0 43 [Sal] (uM) R7 4 mM KOD 50 uM Sal
n 12 18 R8 4mM KOD 50 pM Sal
dynamic range 66 600 R9 4 mM KOD 30 pM Sal Shuffle
— R0 4mM KOD 20 uM Sal
Initial library (1240 bp)
R11 4 mM KOD 10 uM Sal
RBS -35 box -10 box
[GGAAGAGAGTCAATTCAN GGHGGTGAAT| [N TATH N [[TANCGT]
nahR Place L3s3P21  Psal
(906 bp) (116 bp)
On/off screen
[ No ligand W50 pM Sal
101
100
o
o
€ o1
510’
j=%
5
e}
102 |
. I|I||||I|| |||||| ||I|||||I||I
10 WoNOTNORORO TN TNORORO NN TNORORO O HONRNORO NGO T DO
= e B G A N I A A N T TS T HDL st i w i tha o wh s o i st o it At i i e |
P EErErF T rFrErTIETTIFTrrrrrrrcrrrrrrrrrrrrrrrrrrrrrryrerrexr
gecrrorccorrrorrrorrrocrrcrcrrrcrarcorrocorceoos
Y YR T
L C Cc cCCcCcCc C Ccc c cCc Cccc c ccccccccccccccccccccoccccCccCccCccCcC
(U (U (U (U (0 (0 (U (0 (0 (0 (0 (0 (U (O (0 (U (U (U (0 (0 (0 U (U (U (0 (0 (U (0 (0 (0 (0 (U (U (U (0 (U U M (U (U@ @ @ U @© @
2222222222222 22ZZ2Z222Z222Z22Z222222222222222Z222222Z22Z22
Seque"(“ng Mutant Mutations
NahR-R11-04 P72H, N144D, A230T, R2
NahR-R11-07 P , R248C
NahR-R11-16 Q168K, R248L
NahR-R11-19 D251N
NahR-R11-27 V118A, L154H, R183C, F
NahR-R11-38 8A, L154H, 1200V, R24
NahR-R11-41 . V197A, R248C
Consensus mutant testing
Parental 125V, P72H, R248C 125V, P72H, G203D, R248C 125V, P72H, V118A, R248C
nahR  Psarrc nahRAM2  Pgairre nahRAM3 Pgairrc nahRAM  Pgairre
101 107 10! 101
2100 2 100 Z 100 Z100
E E € €
-310 210 §-10 210
5102 5102 5102 5102
o e} o 9
103 103 103 10-3
o 1071 101 108 0 107! 101 103 0 10! 101 103 0 1071 101 103
[Sal] (um) [Sal] (pM) [Sal] (uM) [Sal] (uM)
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CinR:Pgj,:OHC14 Directed evolution interventions
CinR  [Cl-Phe] [Negative ligand] DNAP [Positive ligand] Notes
cinRAM Pcin 101 RT 2mM PKE  5uMOHC14
— o~
I T T T T w - E R2 2mM PK6 5 uM OHC14
E1D-1 R3 2mMm PK6 5 UM OHC14
Parameter Parental Evolved g._ R4 2mMm PK& 1.25 uM OHC14
Ymax (RPU) 039 15 S, — RS 2mM PKE  1.25uM OHC14
10
Ymin (RPU X'\U’S) 33 30 103 100 102 104 R6 4 mM PK& 1.25 uM OHC14
K (uM) 10 0.43 [OHCA4] ("M) R7 4mM 10 M OC12 PK6  1.25uM OHC14 Shuffle
n 15 23 R8 4mM 10 M OC12 PK& 1.25 uM OHC14
dynamic range 120 490 R9 4mM  10pMOC12 KOD  1.25uM OHC14
Initial library (1172 bp)
RBS
[GGAAGAGAGTCAATTCA GG IGGTGAAT]|
cinR Placia  L3s3P21 Pgin
(729 bp) (226 bp)
Onloff screen
101 O No ligand @10 yMOHC14
100 4
=) E
T E
e 1]
5107 5
o 3
s ]
[e] 1
102 ] ’.l {
LU g da A MAR AR ARR An A AR R A n
E‘-Nﬂﬂ‘tﬂtﬁI"-MO)D‘—N("Jﬂ‘lﬂLDP‘-GJO)D\—N(’)?IDDI‘-@CDDFN(’)Q’U’!(DI‘-COC)QFN!")VID(D
O.C’C.’DC.’C.’C’C.’D‘T““‘.‘“‘.‘T‘.“T““.‘N‘\.‘N‘?“}“‘."\.‘NNW""?”‘?‘?‘?"’.""“.’;‘?‘T;‘T;‘!
§90 00 000D DHDDDDD DD DD DDDDD DD DDDDDDDDODD DD D D o o ) =)
EEEEEEE R R A AEESEEELLEEEE LR R L2222
[N o A o o o A« A s A o o A o e o ¢ A ¢ A s o R s o A« A o A s o ¢ ¢ o A« O o o o e s A A« e e s A A A 4
E E E EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEEEEE E E E EE
OO0 0000000000000 OLOOUOLOOLOO0OOOOUOO0O0O0O0OOO00O0O0O0OO0O0
Sequenc"lg Mutant Mutations
CinR-R9-01 R86H, R151H, P177S, K220R
CinR-R9-05 A103V, A136V, R149C, H170Y, L187M, K220R, *242YRIRMTRRNW*
CinR-R9-08 A19V, R137P, P139S, E142K, A178V, G204D, K220R, "242YRIRMTRRNW*
CinR-R9-11 L701, @Q87L, G115D, T144l, L146F, R149C, Y196N, K220R, "242YRIRMTRRNW*

CinR-R9-13 R28H, K50M, Q87P, V106L, H111Y, P121T, Q127R, D141N, K220R, "242YRIRMTRRENW®

CinR-R9-16 N71S, T98A, A136V, K197N, A230V, "242YRIRMTRRN
CinR-R9-17 $72C, v80I, G114D, G115D, R137H, K220R, A224T, *2:

RIRMTRRNW*

CinR-R9-28 M1l, AB3T, RE7C, PO7L, 1138M, E142K, R149H, G204D, N240D, *242YKDPHDAT*

CinR-R9-30 S72C, V80I, G114D, G115D, R137H, K220R, A224T, *242YRIRMTRRNW*

CinR-R9-31 Y73H, 1138M, V166I, *242YRIRMTRRNW*

CinR-R9-36 A32T, Y73H, A103T, G1158, L146F, K220R, "242YRIRMTRRNW*
CinR-R9-39 T98M, E100G, P175L, K220R, "242YRIRMTRRNW*

CinR-R9-40 TSI, G204D, K220R, *242YRIRMTRRNW*

CinR-R9-42 Q16R, A25V, A48T, AB3D, K220R, Q235R, R237H

CinR-R9-45 K18M, A19T, K81R, D141E, N152D, K220R, A230T, "242YRIRMTRRENW*

Consensus mutant testing
§72C, V80I, G114D, G115D, R137H, C150Y,

Parental K220R, A224T, R237C, *242YRIRMTRRNW*
—» »
cinR Pcin cinRAM2  Pgiy
101 101
2100 2100
E £
42-10' 210'
310-2 310-2
-3
107 5102 100 102 104 10

-3
0102 100 102 104
[OHC14] (nM) [OHC14] (nM)

S§72C, v80l,

G114D, G115D, R137H,

K220R, A224T, *242YRIRMTRRNW*

>
cinRAM P

-3
0102 10% 102 104

[OHC14] (nM)
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AcuR:Pp:Acr Directed evolution interventions
AcuR  [CI-Phe] [Negative ligand] DNAP [Positive ligand] Notes
o acuRAM PAcu o R1 2mM PKE 100 uM Acr
: e m ”PI = R2  2mM PKE 100 uM Acr
= 10 R3  4mM PKE 100 uM Acr
Parameter Parental Evolved é’_ ! R4 4 mM PKé 100 puM Acr
Yonax (RPU) 28 31 3 RS 4mMm PKE 100 uM Acr
'max - 103
Vmin (RPU X10°3) 46 37 101 10! 103 | F8 4mMm PK6 100 uM Acr
K (UM) 200 130 [Acr] (M) R7 4 mM KOD 100 pM Acr
n 26 25
dynamic range 60 83
Initial library (957 bp)
RBS
[GGAAGAGAGTCAATTCA GGIIGGTGAAT]|
acuR Placia  L3s3P21  Pacu
(660 bp) (74 bp)
Onl/off screen
[INo ligand M 100 pM Acr
10' g £
100
=)
o
€
S10°
j=9
=]
o
N m“ M’”‘M ’””l ’IMM ’I M M"M ’l M ’I" ’l || “ H N H m "N MN
103 ’l ’l ’l |I ’l ’l M’l ’l ’l’“ ’l M ’I ’l ’””l ’l ’||||| ’l ’l |i

m SN IONOPO MO T IO DO IO LOON 0RO OO 00O ) T IO DD O OO 0 OO IO DO T N DN 00O - AT IDOL- DO
(sl=lale/alslslalalr b —‘—F‘-vwwwwwmwwmwmmmmmmmmmmqqvwﬂ'qqqqqmmmm mmmmmr.wpqcp tpt?!.pl‘,pupl\-r‘-r‘-hhhhhhhwmmmﬂ}wwwwmmmw
PSPPI SIS

ELIEIIEBCIIIKEEIIEIBC ladididdidadidididiiiddididididididididiidididididadididiidididididididedididididedididiediqidididididedideaididididedididididedidididedidididiaeg

D.EﬂnﬂrnﬂxBCD:D:D:D(CEL’ECEB{G:D:D:D:lrnﬂrn':D:D:D:CECEEEED{D:BCD:KDCKCED{B:D:D:D:L'ECED{D:D:DCD:CECEIICED{D:D:D:D:CEIIL'ECEBCGCD:DﬁIIIIIICED:ﬂ:D:D:D:EECEIID:D:BCD:{IIIKCED{B:DCBCD:I
S333533333R333337033R33733333R33R337333R3373333333R33R033333R3R333R333R33R33333R333337333337333333333333
330300000330000000303000800000333000000000030000000030330800000300030000000033300000003330300
LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL L L L L L L L L L L L L L L L L L LLLLL
sequenc"‘g Mutant Mutations

AcuR-R7-16 G147C, R161H, Q218L
AcuR-R7-17 V10D, P138Q, E150K, A171V
AcuR-R7-21 T6l, A117V

AcuR-R7-39 A28V, D73N, R211H
AcuR-R7-41 P138s

AcuR-R7-48 Q30R, ABTV

AcuR-R7-55 P138Q, Q218R, E219N, "220NDKDPHDAT*
AcuR-R7-56 R34H, G43S, G167S
AcuR-R7-61 T4l, D24E, A7V
AcuR-R7-67 E80K, R154H, L202M
AcuR-R7-87 D24N, R1228

Consensus mutant testing

Parental EBOK, R154H, L202M
ol I gy T T
acuR Pacu acuRAM  Pacy
101 101
E 100 E 100
e e
=107 | =107
[=1 [=8
g 10-2 gm-?
103 103

0 109101 102 103 0 109101102 103
[Acr] (M) [Acr] (uM)
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Mth:PMph:Ery Directed evolution interventions

MphR  [CI-Phe] [Negative ligand] DNAP [Positive ligand] Notes

mphRAM Puph 4ot R1  2mM PKG6 100 uM Ery

.,_27*.—1  —l" 5 R2 2mM PKE 100 uM Ery

Ef, P R3 4mMm PKE 100 uM Ery

Parameter Parental Evolved §_ 5 : R4 4mMm PK6 100 uM Ery

Ymax (RPU) 023 0.29 5 4 RS 4mM PKE 100 uM Ery

Yimin (RPU x103) 13 8.0 10 101 10! 103 R6 4mM PK6 100 uM Ery

K (uM) 75 65 [Ery] (M) R7 4 mM KOD 100 uM Ery
n 1.7 15
dynamic range 18 37

Initial library (1613 bp)

RBS
[GGAAGAGAGTCAATTCA GG GGTGAAT|

RBS
ery1
en mphR  Placia  L3s3p21 PMEh
(735 bp) (585 bp) (52 bp)
On/off screen
1 ONo ligand 100 pM Ery
10
100
2
o
€ o1
510’
a
g
le]
102
103 | | | | | | | | | | | | | |
EFNMSMSI\EQOFquunuar-n\:lmo‘—mmwmmhmmc‘—mmgmmhwmowmm:}mm
ER AR R R R ERR R NS EEEE AR R AR N
B PS PSS PSP PS PS PSP PSS Ps Ps Bs PSP PSP Bs Bs P BS BS PSP Ps PSP BS PSP BS BS PSS PS Bs IS BS PSP B IS s B IS IS IS s
strrrocrooocorcrrrccrrocrrcorrccrrrcrrarrrcrrree
(0T s v o o o o o o o 0 s o o o o A 0 s A A o S o o o A 0 N A A o o o o o o o 0 o' 0 o A 0 s A s 0
L C CCcCCcC CcCCcCCcCCcCcCccCCCcCcCCCCCCCCCCCCC C C C C C C C CC CCCCCC C C CC
0000000000000 00000000CcC0o00C 00000000 0CcCOo00000CcCO00000Qaq
S5555>555>=5>=5>>5=>>553>>=2>>53>>=>>53>=>=32=>3>
sequenc"‘g Mutant Mutations
MphR-R7-03  N94D
MphR-R7-05 E11K, N94D, N97D
MphR-R7-10 L30M, N94D, N97D, P182Q, D186N
MphR-R7-11 N94D, R96S, Q188R
MphR-R7-29 P4L, G768, N94D
MphR-R7-31 N94D, A174V
MphR-R7-32 T531, N94D, H193R
MphR-R7-33  N94D, A142V
MphR-R7-37 K71, N94D, D160N
MphR-R7-38  E11D, N94D, Q188R
MphR-R7-41 N94D, A192V
MphR-R7-43 N50D, V&8I, A171T, E183G, Q191R, H193N
MphR-R7-44  NSOD, P136L
MphR-R7-45  N94D
Consensus mutant testing
Parental N94D
mphRery®  Pwmph mphRAMeryR  Pypn
10° 101
z 100 Z 100
E =
=10 =107
402 102
51021 510~
o e}
10-3 103
0 100 10! 102 0 100 10! 102
[Ery] (M) [Ery] (uM)
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Supplementary Note 3: Plasmids parts list

Reporter only plasmids?

Addgene  Genbank Output
Plasmid accession accession  promoter Reporter Origin Resistance
pAIM.711 108512 MH101715  PphiF YFP p15A Kan
pAJM.712 108513 MH101716 Pcymrc  YFP pl5A  Kan
pAJM.713 108514 MH101717 PLuxs YFP pl5A  Kan
pAJM.714 108515 MH101718 Pvancc  YFP pl5A  Kan
pAJM.715 108516 MH101719  Prac YFP pl5A  Kan
pAJM.717 108517 MH101720  Prer YFP pl5A  Kan
pAJM.716 108518 MH101721 Pgap YFP pl5A  Kan
pAIJM.718 108519 MH101722  Pgey YFP pl5A  Kan
pAIM.719 108520 MH101723  Pryg YFP pl5A  Kan
pAJM.1459 108521 MH101724  Pagsc YFP pl5A  Kan
pAJM.721 108522 MH101725 Psarrc  YFP pl5A  Kan
pAJM.944 108523 MH101726  Pcin YFP pl5A  Kan
Reporter and regulator plasmids?

Addgene  Genbank Output
Plasmid accession accession  promoter Reporter Promoter RBS Regulator Origin Resistance
pAJM.847 108524 MH101727  Pphir YFP PLaciQ phi2 phlFAM pl5A  Kan
pAJM.657 108525 MH101728 Pcymrc  YFP PLaciQ cyml cymRAM pl5A  Kan
pAIM.474 108526 MH101729 Pruxs YFP PLac lux1 luxR p15A Kan
pAIM.773 108527 MH101730  Pvancc YFP PLaciQ van2 vanRAM p15A Kan
pAJM.336 108528 MH101731  Prac YFP PLacl lacl laclAM pl5A  Kan
pAIM.011 108529 MH101732  Prer YFP PLacl tetl tetR pl5A  Kan
pAJM.677 108530 MH101733  Pgap YFP PLaclQ aral/el araC"M/araE  pl15A Kan
pAJM.683 108531 MH101734  Pgey YFP PLacio bet2 bet/AM pl5A  Kan
pAIM.661 108532 MH101735 Py YFP PLacio ttg2 ttgRAM pl5A  Kan
pAJM.690 108533 MH101736  Psgse YFP PLaciQ pca2 pcaUAM pl5A  Kan
pAJM.771 108534 MH101737 Psatrc  YFP Placio nah2 nahRAM pl5A  Kan
pAIM.1642 108535 MH101738  Pcin YFP PLacl cinl cinRAM pl5A  Kan
pAJM.884 108536 MH101739  Pacu YFP PLaciQ acu2 rhIRAM pl5A  Kan
pAIM.969 108537 MH101740  Pwph YFP PLacio mph2 mphRAM pl5A  Kan/Ery

a) The DNA sequence of all plasmids are provided in Supplementary Note 4.
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Supplementary Note 4: Plasmid sequences

Plasmid

Sequence?

pAIM.011

GenBank
accession
number:
MH101732

pAIM.336

GenBank
accession
number:
MH101731

pAIM.474

GenBank
accession
number:
MH101729

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG
AGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACGAAACAGCCTCTACAAATAATTTTGTTTAATACTAGA
GAAAGAGGGGAAATACTAGATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGC
GAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAAT
GCTTCGCCCGCTACCCCGACCACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGAC
CCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAAC
AGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGA
ACACCCCAATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTT
CGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCAATG
GGAAGAGAGTCAATTCAGGGTGGTGAATATGTCCAGATTAGATAAAAGTAAAGTGATTAACA
GCGCATTAGAGCTGCTTAATGAGGTCGGAATCGAAGGTTTAACAACCCGTAAACTCGCCCAGAAGCTAGGTGTAGAGCAGCCTACATTGTATTGGCATGTAAAAAATAAGCGGGC
TTTGCTCGACGCCTTAGCCATTGAGATGTTAGATAGGCACCATACTCACTTTTGCCCTTTAGAAGGGGAAAGCTGGCAAGATTTTTTACGTAATAACGCTAAAAGTTTTAGATGT
GCTTTACTAAGTCATCGCGATGGAGCAAAAGTACATTTAGGTACACGGCCTACAGAAAAACAGTATGAAACTCTCGAAAATCAATTAGCCTTTTTATGCCAACAAGGTTTTTCAC
TAGAGAATGCATTATATGCACTCAGCGCTGTGGGGCATTTTACTTTAGGTTGCGTATTGGAAGATCAAGAGCATCAAGTCGCTAAAGAAGAAAGGGAAACACCTACTACTGATAG
TATGCCGCCATTATTACGACAAGCTATCGAATTATTTGATCACCAAGGTGCAGAGCCAGCCTTCTTATTCGGCCTTGAATTGATCATATGCGGATTAGAAAAACAACTTAAATGT
GAAAGTGGGTCCTGATAAGGATCCTAATTGGTAACGAATCAGAATTGACGGCTCGAGGGAGTAGCATAGGGTTTGCAGAATCCCTGCTTCGTCCATTTGACAGGCACATTATGCA
TCGATGATAAGCTGTCAAACATGAGCAGATCCTCTACGCCGGACGCATCGTGGCCGGCATCACCGGCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCGATGGG
GAAGATCGGGCTCGCCACTTCGGGCTCATGAGCAAATATTTTATCTGAGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCT
TACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGCAGGAGAAAAAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCT
CACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCGGARATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCG
CGGCAAAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCATCACGAAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCC
TGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGT
TCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCA
GCAGCCACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTC
AAAGAGTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTA
AGGGGTCTGACGCTCAGTGGAACGAAAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGAT
TAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTT
TCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCT
GATGATGCATGGTTACTCACCACTGCGATCCCCGGGAARAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAARATATTGTTGATGCGCTGGCAGTGTTCCTGCGCC
GGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGA
CGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTT
GACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGA
AACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAG
ACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTACATCAGAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG

A GA GA GAGG \TACTAGAGAAAGAGGGGAAATACTAGA
TGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCAL
CTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCGCTACCCCGAL
CACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCG
AGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCAT
GGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAATCGGCGACGGL
CCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCA
CTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCAATG!

GGAAGAGAGTCAATTCAGGGTGGTGAATATGAAACCAGTAACGTTATACGATGTCGCAGAGTATGCCGGTGTCTCTTATATG

ACCGTTTCCCGCGTGGTGAACCAGGCCAGCCACGTTTCTGCGAAAACGCGGGAAAAAGTGGAAGCGGCGATGGTGGAGCTGAATTACATTCCCAACCGCGTGGCACAACAACTGG
CGGGCAAACAGTCGTTGCTGATTGGCGTTGCCACCTCCAGTCTGGCCCTGCACGCGCCGTCGCAAATTGTCGCGGCGATTAAATCTCGCGCCGATCAACTGGGTGCCAGCGTGGT
GGTGTCGATGGTAGAACGAAGCGGCGTCGAAGCCTGTARAGCGGCGGTGCACAATCTTCTCGCGCAACGCGTCAGTGGGCTGATCATTAACTATCCGCTGGATGACCAGGATGCC
ATTGCTGTGGAAGCTGCCTGCACTAATGTTCCGGCGTTATTTCTTGATGTCTCTGACCAGACACCCATCAACAGTATTATTTACTCCCATGAGGACGGTACGCGACTGGGCGTGG
AGCATCTGGTCGCATTGGGTCACCAGCAAATCGCGCTGTTAGCGGGCCCATTAAGTTCTGTCTCGGCGCGTCTGCGTCTGGCTGGCTGGCATAAATATCTCACTCGCAATCAAAT
TCAGCCGATAGCGGAACGGGAAGGCGACTGGAGTGCCATGTCCGGTTTTCAACAAACCATGCAAATGCTGAATGAGGGCATCGTTCCCACTGCGATGCTGGTTGCCAACGATCAG
ATGGCGCTGGGCGCAATGCGCGCCATTACCGAGTCCGGGCTGCGCGTTGGTGCGGATATCTCGGTAGTGGGATACGACGATACCGAAGATAGCTCATGTTATATCCCGCCGTTAA
CCACCATCAAACAGGATTTTCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGGGCCAGGCGGTGAAGGGCAATCAGCTGTTGCCAGTCTCACTGGTGAA
AAGAAAAACCACCCTGGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGATAAGGA
TCCTAATTGGTAACGAATCAGACAATTGACGGCTCGAGGGAGTAGCATAGGGTTTGCAGAATCCCTGCTTCGTCCATTTGACAGGCACATTATGCATCGATGATAAGCTGTCAAA
CATGAGCAGATCCTCTACGCCGGACGCATCGTGGCCGGCATCACCGGCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCGATGGGGAAGATCGGGCTCGCCACT
TCGGGCTCATGAGCAAATATTTTATCTGAGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGATG
AGGGTGTCAGTGAAGTGCTTCATGTGGCAGGAGAAAAAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCG
GTCGTTCGACTGCGGCGAGCGGAAATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCAAAGCCGTTTTTCCA
TAGGCTCCGCCCCCCTGACAAGCATCACGAAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGL
TCTCCTGTTCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGT
ATGCACGAACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGAT
TTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTCAGA
GAACCTTCGAAAAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCAGTG
GAACGAAAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAATTCCAACATGGATGC
TGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGT
AGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCA
CCACTGCGATCCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGT
TTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCT
GTTGAACAAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAG
GTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATA
TGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGA
TGATATATTTTTATCTTGTGCAATGTACATCAGAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG
AGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACGAAACAGCCTCTACAAATAATTTTGTTTAATACTAGAGAAAGAGGGGAAATACTAGAT
GGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACC
TACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCGCTACCCCGACC
ACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGA
GGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATG
GCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAATCGGCGACGGCC
CCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCAC
TCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCAATG
GGAAGAGAGTCAATTCAGGGTGGTGAATATGAAAAACATAAATGCCGACGACACATACAGAATAATTAATAAAATTAAAGCTT
GTAGAAGCAATAATGATATTAATCAATGCTTATCTGATATGACTAAAATGGTACATTGTGAATATTATTTACTCGCGATCATTTATCCTCATTCTATGGTTAAATCTGATATTTC
AATCCTAGATAATTACCCTAAAAAATGGAGGCAATATTATGATGACGCTAATTTAATAAAATATGATCCTATAGTAGATTATTCTAACTCCAATCATTCACCAATTAATTGGAAT
ATATTTGAAAACAATGCTGTAAATAAAAAATCTCCAAATGTAATTAAAGAAGCGAAAACATCAGGTCTTATCACTGGGTTTAGTTTCCCTATTCATACGGCTAACAATGGCTTCG
GAATGCTTAGTTTTGCACATTCAGAAAAAGACAACTATATAGATAGTTTATTTTTACATGCGTGTATGAACATACCATTAATTGTTCCTTCTCTAGTTGATAATTATCGAAARAT
AAATATAGCAAATAATAAATCAAACAACGATTTAACCAAAAGAGAAAAAGAATGTTTAGCGTGGGCATGCGAAGGAAARAGCTCTTGGGATATTTCAAAAATATTAGGTTGCAGT
GAGCGTACTGTCACTTTCCATTTAACCAATGCGCAAATGAAACTCAATACAACAAACCGCTGCCAAAGTATTTCTAAAGCAATTTTAACAGGAGCAATTGATTGCCCATACTTTA
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AAAATTGATAAGGATCCTAATTGGTAACGAATCAGACAATTGACGGCTCGAGGGAGTAGCATAGGGTTTGCAGAATCCCTGCTTCGTCCATTTGACAGGCACATTATGCATCGAT
GATAAGCTGTCAAACATGAGCAGATCCTCTACGCCGGACGCATCGTGGCCGGCATCACCGGCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCGATGGGGAAGA
TCGGGCTCGCCACTTCGGGCTCATGAGCAAATATTTTATCTGAGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTA
TGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGCAGGAGAAAARAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTG
ACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCGGAAATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCA
AAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCATCACGAAATCTGACGCTCAAATCAGTGGTGGCGARACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCG
GCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCT
CCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGC
CACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGA
GTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAAGGGG
TCTGACGCTCAGTGGAACGAAAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAAT
TCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGA
AACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTARACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGA
TGCATGGTTACTCACCACTGCGATCCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTG
CATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGC
GTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGA
GGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGG
CTTTTTCAAAAATATGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGT
TTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTACATCAGAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG

TFTTT??TACTAFAFAAAFAFFFFAAATACTAFATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGT
TCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGG
CTACGGCCTGCAATGCTTCGCCCGCTACCCCGACCACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGAC
GGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGG
AGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGA
CCACTACCAGCAGAACACCCCAATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATG
GTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCARATTCCAGAARAGAGGCCTCCCGARAGGGGGGCCTTTTTTCG
TTTTGGTCCAATG GGAAGAGAGTCAATTCAGGGTGGTGAATATGAGCCCGAAACGTCGTAC
CCAGGCAGAACGTGCAATGGAAACCCAGGGTAAACTGATTGCAGCAGCACTGGGTGTTCTGCGTGAAAAAGGTTATGCAGGTTTTCGTATTGCAGATGTTCCGGGTGCAGCCGGT
GTTAGCCGTGGTGCACAGAGCCATCATTTTCCGACCAAACTGGAACTGCTGCTGGCAACCTTTGAATGGCTGTATGAGCAGATTACCGAACGTAGCCGTGCACGTCTGGCARAAC
TGAAACCGGAAGATGATGTTATTCAGCAGATGCTGGATGATGCAGCAGAATTTTTTCTGGATGATGATTTTAGCATCGGCCTGGATCTGATTGTTGCAGCAGATCGTGATCCGGC
ACTGCGTGAAGGTATTCAGCGTACCGTTGAACGTAATCGTTTTGTTGTTGAAGATATGTGGCTGGGTGTGCTGGTGAGCCGTGGTCTGAGCCGTGATGATGCCGAAGATATTCTG
TGGCTGATTTTTAACAGCGTTCGTGGTCTGGTAGTTCGTAGCCTGTGGCAGAAAGATAAAGAACGTTTTGAACGTGTGCGTAATAGCACCCTGGARATTGCACGTGAACGTTATG
CAAAATTCAAACGTTGATAAGGATCCTAATTGGTAACGAATCAGACAATTGACGGCTCGAGGGAGTAGCATAGGGTTTGCAGAATCCCTGCTTCGTCCATTTGACAGGCACATTA
TGCATCGATGATAAGCTGTCAAACATGAGCAGATCCTCTACGCCGGACGCATCGTGGCCGGCATCACCGGCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCGA
TGGGGAAGATCGGGCTCGCCACTTCGGGCTCATGAGCAAATATTTTATCTGAGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACT
GGCTTACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGCAGGAGAAAAAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCT
CGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCGGAAATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGG
GCCGCGGCAAAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCATCACGAAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTC
CCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGG
CAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACT
GGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCG
GTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTT
ATTAAGGGGTCTGACGCTCAGTGGAACGAAAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCG
CGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGT
TGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTAC
TCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAARAATATTGTTGATGCGCTGGCAGTGTTCCTG
CGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTG
ATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGARAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTAT
TTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTA
CAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAARACACCCCTTGTATTACTGTTTATGTAA
GCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTACATCAGAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG
GATGTGCTT CTGA" STGAG AATTTTGTTTAATACTAGAGAAAGAGGGGAAATACTAGATGGTG
AGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACG
GCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCGCTACCCCGACCACAT
GAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGC
GACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCG
ACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAATCGGCGACGGCCCCGT
GCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTC
GGCATGGACGAGCTGTACAAGTAACTCGGTACCAARATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCAATG
GGAAGAGAGTCAATTCAGGGAGGTGAATATGGTTCGTCGTACCAAAGAAGAGGCACAAGAAACCCGTGCACAGATTATTGAAGCAGC
AGAACGTGCATTCTATAAACGTGGTGTTGCACGTACCACCCTGGCAGATATTGCAGAACTGGCAGGCGTTACCCGTGGTGCAATTTATTGGCATTTTAACAACAAAGCCGAACTG
GTTCAGGCACTGCTGGATAGCCTGCATGAAACCCATGATCATCTGGCACGTGCAAGCGARAAGCGAAGATGAAGTTGATCCGCTGGGTTGTATGCGTAAACTGCTGCTGCAGGTTT
TTAATGAACTGGTTCTGGATGCACGTACCCGTCGTATTAATGAAATCCTGCATCACAAATGCGAGTTCACCGATGATATGTGTGAAATTCGTCAGCAGCATCAGAGCGCAGTTCT
GGATTGTCATAAAGGTATTACCCTGACACTGGCAAATGTAGTTCGTCGTGGTCAGCTGCCTGGTGAACTGGATGCAGAACGTGCCGCAGTTGCAATGTTTGCCTATGTTGATGGT
CTGATTCGTCGTTGGCTGCTGCTGCCGGATAGCGTTGATCTGCTGGGTGATGTTGAAAAATGGGTTGATACCGGTCTGGATATGCTGCGTCTGAGTCCGGCACTGCGTAAATAAT
GATAAGGATCCTAATTGGTAACGAATCAGACAATTGACGGCTCGAGGGAGTAGCATAGGGTTTGCAGAATCCCTGCTTCGTCCATTTGACAGGCACATTATGCATCGATGATAAG
CTGTCAAACATGAGCAGATCCTCTACGCCGGACGCATCGTGGCCGGCATCACCGGCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCGATGGGGAAGATCGGGC
TCGCCACTTCGGGCTCATGAGCAAATATTTTATCTGAGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGG
CACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGCAGGAGAAAAAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGC
TACGCTCGGTCGTTCGACTGCGGCGAGCGGAAATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCARAGCCG
TTTTTCCATAGGCTCCGCCCCCCTGACAAGCATCACGAAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCC
TCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGC
TGGACTGTATGCACGAACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGG
TAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGT
AGCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGAC
GCTCAGTGGAACGAAAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAATTCCAAC
ATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATG
GCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATG
GTTACTCACCACTGCGATCCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCG
ATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATG
GCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAA
ATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTT
C TATGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATT
GTTCATGATGATATATTTTTATCTTGTGCAATGTACATCAGAGATTTTGAGACACAA

CTA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG

AGCTGTC ATTTTGTTTAATACTAGAGAAAGAGGGGAAATACT

“GGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGA
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AGATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTARAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGC
CACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCGCTACCCC
GACCACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGT
TCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATAT
CATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAATCGGCGAC
GGCCCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGA
TCACTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAG GAGGCCTCCCG GGGGGGCCTTTTTTCGTTTTGGTCCAATG

GGAAGAGAGTCAATTCAGGGTGGTGAATATGGCTGAAGCGCAAAATGATCCCCTGCTGCCGGGATACTCGTTTAATGCC
CATCTGGTGGCGGGTTTAACGCCGATTGAGGCCAACGGTTATCTCGATTTTTTTATCGACCGACCGCTGGGAATGAAAGGTTATATTCTCAATCTCACCATTCGCGGTCAGGGGG
TGGTGAAAAATCAGGGACGAGAATTTGTTTGCCGACCGGGTGATATTTTGCTGTTCCCGCCAGGAGAGATTCATCACTACGGCCGTCATCCGGAGGCTCGCGAATGGTATCACCA
GTGGGTTTACTTTCGTCCGCGCGCCTACTGGCATGAATGGCTTAACTGGCCGTCAATATTTGCCAATACGGGGTTCTTTCGCCCGGATGAAGCGCACCAGCCGCATTTCAGCGAC
TTTTTTGGGCAAATCATTAACGCCGGGCAAGGGGAAGGGCGCTATTCGGAGCTGCTGGCGATAAATCTGCTTGAGCAATTGTTACTGCGGCGCATGCTAGCGATTAACGGATCGC
TCCATCCACCGATGGATAATCGGGTACGCGAGGCTTGTCAGTACATCAGCGATCACCTGGCAGACAGCAATTTTGATATCGCCAGCGTCGCACAGCATGTTTGCTTGTCGCCGTC
GCGTCTGTCACATCTTTTCCGCCAGCAGTTAGGGATTAGCGTCTTAAGCTGGCGCGAGGACCAACGTATCAGCCAGGCGAAGCTGCTTTTGAGCACCACCCGGATGCCTATCGCC
ACCGTCGGTCGCAATGTTGGTTTTGACGATCAACTCTATTTCTCGCGGGTATTTAAAAAATGCACCGGGGCCAGCCCGAGCGAGTTCCGTGCCGGTTTGGAAGAAAAAGTGAATG
ATGTAGCCGTCAAGTTGTCATGATAAGATCCTATTCCAGCGGGATTAAAGAGGAGCGATTAAGCATGGTTACTATCAATACGGAATCTGCTTTAACGCCACGTTCTTTGCGGGAT
ACGCGGCGTATGAATATGTTTGTTTCGGTAGCTGCTGCGGTCGCAGGATTGTTATTTGGTCTTGATATCGGCGTAATCGCCGGAGCGTTGCCGTTCATTACCGATCACTTTGTGC
TGACCAGTCGTTTGCAGGAATGGGTGGTTAGTAGCATGATGCTCGGTGCAGCAATTGGTGCGCTGTTTAATGGTTGGCTGTCGTTCCGCCTGGGGCGTAAATACAGCCTGATGGC
GGGGGCCATCCTGTTTGTACTCGGTTCTATAGGGTCCGCTTTTGCGACCAGCGTAGAGATGTTAATCGCCGCTCGTGTGGTGCTGGGCATTGCTGTCGGGATCGCGTCTTACACC
GCTCCTCTGTATCTTTCTGAAATGGCAAGTGAAAACGTTCGCGGTAAGATGATCAGTATGTACCAGTTGATGGTCACACTCGGCATCGTGCTGGCGTTTTTATCCGATACAGCGT
TCAGTTATAGCGGTAACTGGCGCGCAATGTTGGGGGTTCTTGCTTTACCAGCAGTTCTGCTGATTATTCTGGTAGTATTTCTGCCAAATAGCCCGCGCTGGCTGGCGGARAAGGG
GCGTCATATTGAGGCGGAAGAAGTATTGCGTATGCTGCGCGATACGTCGGAARAAGCGCGAGAAGAACTCAACGAAATTCGTGAAAGCCTGAAGTTAAAACAGGGCGGTTGGGCA
CTGTTTAAGATCAACCGTAACGTCCGTCGTGCTGTGTTTCTCGGTATGTTGTTGCAGGCGATGCAGCAGTTTACCGGTATGAACATCATCATGTACTACGCGCCGCGTATCTTCA
AAATGGCGGGCTTTACGACCACAGAACAACAGATGATTGCGACTCTGGTCGTAGGGCTGACCTTTATGTTCGCCACCTTTATTGCGGTGTTTACGGTAGATAAAGCAGGGCGTAA
ACCGGCTCTGAAAATTGGTTTCAGCGTGATGGCGTTAGGCACTCTGGTGCTGGGCTATTGCCTGATGCAGTTTGATAACGGTACGGCTTCCAGTGGCTTGTCCTGGCTCTCTGTT
GGCATGACGATGATGTGTATTGCCGGTTATGCGATGAGCGCCGCGCCAGTGGTGTGGATCCTGTGCTCTGARATTCAGCCGCTGARATGCCGCGATTTCGGTATTACCTGTTCGA
CCACCACGAACTGGGTGTCGAATATGATTATCGGCGCGACCTTCCTGACACTGCTTGATAGCATTGGCGCTGCCGGTACGTTCTGGCTCTACACTGCGCTGAACATTGCGTTTGT
GGGCATTACTTTCTGGCTCATTCCGGAAACCAAAAATGTCACGCTGGAACATATCGAACGCAAACTGATGGCAGGCGAGAAGTTGAGAAATATCGGCGTCTGATAAGGATCCTAA
TTGGTAACGAATCAGACAATTGACGGCTCGAGGGAGTAGCATAGGGTTTGCAGAATCCCTGCTTCGTCCATTTGACAGGCACATTATGCATCGATGATAAGCTGTCAAACATGAG
CAGATCCTCTACGCCGGACGCATCGTGGCCGGCATCACCGGCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCGATGGGGAAGATCGGGCTCGCCACTTCGGGC
TCATGAGCAAATATTTTATCTGAGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGATGAGGGTG
TCAGTGAAGTGCTTCATGTGGCAGGAGAAAAAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTT
CGACTGCGGCGAGCGGAAATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCAAAGCCGTTTTTCCATAGGCT
CCGCCCCCCTGACAAGCATCACGAAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCCT
GTTCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCAC
GAACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGATTTAGAG
GAGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTC. GAGTTGGTAGCTCAGAGAACCT
TCGAAAAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACC CGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCAGTGGAACGA
AAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTT
ATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTT
GCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTG
CGATCCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAA
TTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAA
CAAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGARATTAATAGGTTGTA
TTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAARACGGCTTTTTCAAAAATATGGTAT
TGATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATAT
ATTTTTATCTTGTGCAATGTACATCAGAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG

AGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACGAAACAGCCTCTACAAATAATTTTGTTTAATACTAGAGAAAGAGGGGAAA
TACTAGATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGLCG
ATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCGCTA
CCCCGACCACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTG
AAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCT
ATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAATCGG
CGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCC
GGGATCACTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAARAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCAATG

GGAAGAGAGTCAATTCACGGGGGTGAATATGCCGAAACTGGGTATGCAGAGCATTCGTCGTCGTCAGCTGATTGA

TGCAACCCTGGAAGCAATTAATGAAGTTGGTATGCATGATGCAACCATTGCACAGATTGCACGTCGTGCCGGTGTTAGCACCGGTATTATTAGCCATTATTTCCGCGATARAAAC
GGTCTACTGGAAGCAACCATGCGTGATATTACCAGCCAGCTGCGTGATGCAGTTCTGAATCGTCTGCATGCACTGCCGCAGGGTAGCGCAGAACAGCGTCTGCAGGCAATTGTTG
GTGGTAATTTTGATGAAACCCAGGTTAGCAGCGCAGCAATGAAAGCATGGCTGGCATTTTGGGCAATCAGCATGCATCAGCCGATGCTGTATCGTCTGCAGCAGGTTAGCAGTCG
TCGTCTGCTGAGCAATCTGGTTAGCGAATTTCGTCGTGAACTGCCTCGTGAACAGGCACAAGAGGCAGGTTATGGTCTGGCAGCACTGATTGATGGTCTGTGGCTGCGTGCAGCA
CTGAGCGGTAAACCGCTGGATAAAACCCGTGCAAATAGCCTGACCCGTCATTTTATCACCCAGCATCTGCCGACCGATTGATAAGGATCCTAATTGGTAACGAATCAGACAATTG
ACGGCTCGAGGGAGTAGCATAGGGTTTGCAGAATCCCTGCTTCGTCCATTTGACAGGCACATTATGCATCGATGATAAGCTGTCAAACATGAGCAGATCCTCTACGCCGGACGCA
TCGTGGCCGGCATCACCGGCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCGATGGGGAAGATCGGGCTCGCCACTTCGGGCTCATGAGCAAATATTTTATCTG
AGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGC
AGGAGAAAARAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCGGAAATGG
CTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCAAAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCATCAC
GAAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCG
GTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCCGACC
GCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCG
CCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGC
GGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCARAACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCAGTGGAACGAAAAATCAATCTAAAGTATATAT
GAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGC
GATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGA
TGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGGAAAACAGCATT
CCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGC
GTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATA
AGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAAT
CGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTC, TATGGTATTGATAATCCTGATATGAATAAA
TTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTAC
ATCAGAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG
AGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGAC ACAGCCTCTA!
TTTTGTTTAATACTAGAGAAAGAGGGGAAATACTAGATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACA
AGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTT
CGGCTACGGCCTGCAATGCTTCGCCCGCTACCCCGACCACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGAC
GACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGC
TGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGC
CGACCACTACCAGCAGAACACCCCAATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCAC
ATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTT
TCGTTTTGGTCCAATG GGAAGAGAGTCAATTCAGGGAGGTGAATATGTGGTCGAACATGGA
TGACAAGAAAGTGAAAGAGGAGAATATTCTGCACAATTCCACCAACAAGAAGATCATCCGCCACGAAGATTTTGTAGCCGGCATTAGCAAAGGGATGGCGATTCTGGATTCGTTT
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GGTACAGATCGTCATCGCCTCAATATCACCATGGCCGCAGAGAAAACCGGTATGACACGTGCAGCAGCTCGTCGCCACCTGCTTACTCTGGAGTATCTGGGCTATCTGGAAAGTG
ACGGCCACTACTTCTACTTAACTCCCAAAATCCTGAAATTCAGTGGTTCATATTTGGGTGGTGCTCAATTGCCGAAAATTTCCCAACCACTGTTGAACTTGCTTACGACCCAGAC
CAGCCTGATTTACAGCGTGATGGTGTTGGATGGCTATGAAGCCATTACCATTGCGCGTTCTGCCGCTCATCAGCAAACCGACCGCGTTAACCCGTATGGTTTACATCTCGGGAAT
CGCTTACCAGCGCATACAACGTCAGCGGGCAAAATCCTGTTAGCGTATTTGGATGACCATGCCCAGCAAGAGTGGCTCAATCAGTACCCTCTGCAACGGCTCACGAAATACACGT
ATACCAACCACATCGACTTTCTGCGCCTTTTGAGTGAAATCAAGGAACAGGGTTGGTGCTATAGTTCGGAAGAACACGAACTGGGAGTACACGCCCTTGCGGTTCCGATTTACGG
ACAGCAGTCTCGCGTCGTAGCGGCACTGAACATTGTCAGCCCGACAATGCGGACCACGARAGAATACCTGATTCAGCATATTCTGCCGTTACTGCAAGAAACTGCGCGTGAATTG
CGCAATATCCTGTAATGATAAGGATCCTAATTGGTAACGAATCAGACAATTGACGGCTCGAGGGAGTAGCATAGGGTTTGCAGAATCCCTGCTTCGTCCATTTGACAGGCACATT
ATGCATCGATGATAAGCTGTCAAACATGAGCAGATCCTCTACGCCGGACGCATCGTGGCCGGCATCACCGGCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCG
ATGGGGAAGATCGGGCTCGCCACTTCGGGCTCATGAGCAAATATTTTATCTGAGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATAC
TGGCTTACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGCAGGAGAAAAAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCC
TCGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCGGAAATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAG
GGCCGCGGCAAAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCATCACGAAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTT
CCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAG
GCAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCAC
TGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTC
GGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCT
TATTAAGGGGTCTGACGCTCAGTGGAACGAAAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCC
GCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAG
TTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTA
CTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAARAATATTGTTGATGCGCTGGCAGTGTTCCT
GCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTT
GATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTA
TTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATT
ACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTA
AGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTACATCAGAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG

AGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACGARACAGCCTCTACAAATAATTTTGTTTAATACTAGAGAAAGAGGGG
AAATACTAGATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGG
GCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCG
CTACCCCGACCACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAG
GTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACG
TCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAAT
CGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCC
GCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGARAGGGGGGCCTTTTTTCGTTTTGGTCCAATGGCGGCGCGCCA
TCGAATGAGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTC
ATGTGGCAGGAGAAAAAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCG
GAAATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCAAAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAA
GCATCACGAAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGG
TTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAG
TCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAG
TCATGCGCCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCT
GCAAGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCAGTGGAACGAARAATCAATCTARAG
TATATATGAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATG
GGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCARAGGTAGCGTTGCCAATGATGTTACA
GATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGGARAAA
CAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAG
CGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGARAGAA
ATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAG
TCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTC TATGGTATTGATAATCCTGATAT
GAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGC
AATGTACATCAGAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG

AGCTG sSTGCTTTCCGGTCTGA' TCCGTC C AATTT
TGTT 'ACTAGAGAAAGAGGGGAAATACTAGATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGT
TCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGG
CTACGGCCTGCAATGCTTCGCCCGCTACCCCGACCACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGAL
GGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGG
AGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGA
CCACTACCAGCAGAACACCCCAATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATG
GTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCG
TTTTGGTCCAATGGCGGCGCGCCATCGAATGAGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTG
ATGAGGGTGTCAGTGAAGTGCTTCATGTGGCAGGAGAAAARAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGC
TCGGTCGTTCGACTGCGGCGAGCGGAAATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCAAAGCCGTTTTT
CCATAGGCTCCGCCCCCCTGACAAGCATCACGAAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTG
CGCTCTCCTGTTCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGAC
TGTATGCACGAACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATT
GATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTC
AGAGAACCTTCGAAAAACCGCCCCGCAAGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAARACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCA
GTGGAACGAAAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAATTCCAACATGGA
TGCTGATTTATATGGGTAT TGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAA
GGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTAC
TCACCACTGCGATCCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCC
TGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGG
CCTGTTGAACAAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAA
TAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAA
ATATGGTATTGATAATCCTGATATGAAT TTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCA
TGATGATATATTTTTATCTTGTGCAATGTACATCAGAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG
AGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGA! CTCT ATTTTGTTTAATACTAGAGAAAGAGGGGAAATACTAGAT
GGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACC
TACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCGCTACCCCGACC
ACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGA
GGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATG
GCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAATCGGCGACGGCC
CCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCAC
TCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCAATGGCGGCGCGCCATCGAATGAGGT
GCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGCAGGA
GAAAAAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCGGARATGGCTTA
CGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCARAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCATCACGARAA
TCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCGGTGT
CATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCCGACCGCTG
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CGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCGG
TTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGCGGTT
TTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCAGTGGAACGAAAAATCAATCTAAAGTATATATGAGT
AAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATA
ATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCARAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGT
CAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGGARAACAGCATTCCAG
GTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTAT
TTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAGCT
TTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCA
GACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTC TATGGTATTGATAATCCTGATATGAAT TTGC
AGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTACATCA
GAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG

AGCTG ATGTGCTTTCC GCCTCTACAAATAATTTTGTTTAATACTAG? ACTAGATGGTGA
GCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGG
CAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCGCTACCCCGACCACATG
AAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCG
ACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGA
CAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAATCGGCGACGGCCCCGTG
CTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCG
GCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCAATGGCGGCGCGCCATCGAATGAGGTGCTTC
CTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGCAGGAGARRAA
AAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCGGARATGGCTTACGAAC
GGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCAAAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCATCACGAAATCTGA
CGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCGGTGTCATTC
CGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCCGACCGCTGCGCCT
TATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTTAAG
GCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGCGGTTTTTTC
GTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCAGTGGAACGAAAAATCAATCTAAAGTATATATGAGTAAACT
TGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATARATGGGCTCGCGATAATGTC
GGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCARAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGAC
TAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGGAAAACAGCATTCCAGGTATT
AGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGT
CTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGARATGCATAAGCTTTTGC
CATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGARAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCG
ATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGAATAAATTGCAGTTT
CATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTACATCAGAGAT
TTTGAGACACAA

STCACC AC

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG

AGCTG “CGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACGAAACAGCCTCTA AATTTTGTTT? \( AGG TACTAGA
TGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCAL
CTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCGCTACCCCGAC
CACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCG
AGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCAT
GGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAATCGGCGACGGC
CCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAARAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCA
CTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCAATGGCGGCGCGCCATCGAATGAGG
TGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGCAGG
AGAAAAAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCGGAAATGGCTT
ACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCAAAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCATCACGAA
ATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCGGTG
TCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCCGACCGCT
GCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGARAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCG
GTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGCGGT
TTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCAGTGGAACGAAAAATCAATCTAAAGTATATATGAG
TAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGAT
AATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGG
TCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGGAAAACAGCATTCCA
GGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTA
TTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAGC
TTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGC
AGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAARAATATGGTATTGATAATCCTGATATGAATAAATTG
CAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTACATC
AGAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG

AATTTTGTTTAATACTAGAGAAAGAGGGGAAATACT
ﬁ&ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGC
CACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCGCTACCCC
GACCACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGT
TCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATAT
CATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAATCGGCGAC
GGCCCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGA
TCACTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGARAGGGGGGCCTTTTTTCGTTTTGGTCCAATGGCGGCGCGCCATCGAATG
AGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGC
AGGAGAAAARAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCGGAAATGG
CTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCAAAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCATCAC
GAAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCG
GTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCCGACC
GCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCG
CCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGC
GGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAARAACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCAGTGGAACGAAAAATCAATCTAAAGTATATAT
GAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGC
GATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGA
TGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGGARAACAGCATT
CCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGC
GTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGARAAGAAATGCATA
AGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAAT
CGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGAATAAA
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TTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTAC
ATCAGAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG

“TGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTC TTTGTT ACTAG
GAAAGAGGGGAAATACTAGATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGL
GAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAAT
GCTTCGCCCGCTACCCCGACCACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGAC
CCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAAC
AGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGA
ACACCCCAATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCARAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTT
CGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCAATGG
CGGCGCGCCATCGAATGAGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGATGAGGGTGTCAGT
GAAGTGCTTCATGTGGCAGGAGAAAAAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTTCGACT
GCGGCGAGCGGAAATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCAAAGCCGTTTTTCCATAGGCTCCGCC
CCCCTGACAAGCATCACGAAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCC
TGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCACGAACC
CCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTT
AGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAA
AAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCAGTGGAACGAAAAAT
CAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATG
GGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAA
TGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATC
CCCGGGAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTC
CTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGT
CTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGAT
GTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATA
ATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTT
TATCTTGTGCAATGTACATCAGAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG

AG CA TTTC TGATGAGT AAAC TACAAATAATTTTGTTTAATACTA
TACTAFATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCG
ATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCGCTA
CCCCGACCACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTG
AAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCT
ATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAATCGG
CGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCC
GGGATCACTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCAATGGCGGCGCGCCATCG
AATGAGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATG
TGGCAGGAGAAAAAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCGGAA
ATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCARAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCA
TCACGAAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTT
ACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCC
GACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGARAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAGTCA
TGCGCCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAARACCGCCCTGCA
AGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCAGTGGAACGAAAAATCAATCTAAAGTAT
ATATGAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTARATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGC
TCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGAT
GAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGGAAAACAG
CATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGA
TCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGARAATG
CATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCG
GAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGARACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGAA
TAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAAT
GTACATCAGAGATTTTGAGACACAA

5A

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG

AGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACGARACAGCC \ATAATTTTGTTTAATACTAGAGAAAGAGGGGAAATACTAGATGGTG
AGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACG
GCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCGCTACCCCGACCACAT
GAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGC
GACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCG
ACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAATCGGCGACGGCCCCGT
GCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTC
GGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCAATGGCGGCGCGCCATCGAATGAGGTGCTT
CCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGCAGGAGAAA
AAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCGGARATGGCTTACGAA
CGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCAAAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCATCACGAAATCTG
ACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCGGTGTCATT
CCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCCGACCGCTGCGCC
TTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTTAA
GGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGCGGTTTTTT
CGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCAGTGGAACGAAAAATCAATCTAAAGTATATATGAGTARAC
TTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGT
CGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCARAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGA
CTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGGAARACAGCATTCCAGGTAT
TAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCG
TCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAGCTTTTG
CCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACC
GATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGAATAAATTGCAGTT
TCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTACATCAGAGA
TTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG

TTT
AAACAGCCTCTAC ﬂﬂﬂTﬂﬂTTTT1TTT;;THCTHGHGAAAGHGGGGAAATHCTHGATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCT
GGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCC
TGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCGCTACCCCGACCACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGG
AGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGA
CGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATC
GAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAG
ACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGG
CCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCAATGGCGGCGCGCCATCGAATGAGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTG
TATACTGGCTTACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGCAGGAGAAAAAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCG
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CTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCGGARATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGT
GAGAGGGCCGCGGCAAAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCATCACGARAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGG
CGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCG
GGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGC
ACCACTGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTT
ACCTCGGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGAT
CATCTTATTAAGGGGTCTGACGCTCAGTGGAACGAAAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCG
AGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGC
CAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTAT
CCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTG
TTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTG
ATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAA
CCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCT
TCATTACAGAAACGGCTTTTTC TATGGTATTGATAATCCTGATATGAAT TTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTT
ATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTACATCAGAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG

AGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAG
GACGAAACAGCCTCTACAAATAATTTTGTTTAATACTAGAGAAAGAGGGGAAATACTAGATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCT
GGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCC
TGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCGCTACCCCGACCACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGG
AGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGA
CGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATC
GAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAG
ACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGG
CCTCCCGAAAGGGGGGCCTTTTTCGTTTTGGTCCAATG GGAAGAGAGTCAATTCATGGGGG
TTGAATATGGAACTGCGTGACCTGGATTTAAACCTGCTGGTGGTGTTCAACCAGTTGCTGGTCGACAGACGCGTCTCTGTCACTGCGGAGAACCTGGGCCTGACCCAGCCTGCCG
TGAGCAATGCGCTGAAACGCCTGCGCACCTCGCTACAGGACCCACTCTTCGTGCGCACACATCAGGGAATGGAACCCACACCCTATGCCGCGCATCTGGCCGAGCACGTCACTTC
GGCCATGCACGCACTGCGCAACGCCCTACAGCACCATGAAAGCTTCGATCCGCTGACCAGCGAGCGTACCTTCACCCTGGCCATGACCGACATTGGCGAGATCTACTTCATGCCG
CGGCTGATGGATGCGCTGGCTCACCAGGCCCCCAATTGCGTGATCAGTACGGTGCGCGACAGTTCGATGAGCCTGATGCAGGCCTTGCAGAACGGAACCGTGGACTTGGCCGTGG
GCCTGCTTCCCAATCTGCAAACTGGCTTCTTTCAGCGCCGGCTGCTCCAGAATCACTACGTGTGCCTATGTCGCAAGGACCATCCAGTCACCCGCGAACCCCTGACTCTGGAGCG
CTTCTGTTCCTACGGCCACGTGCGTGTCATCGCCGCTGGCACCGGCCACGGCGAGGTGGACACGTACATGACACGGGTCGGCATCCGGCGCGACATCCGTCTGGAAGTGCCGCAL
TTCGCCGCCGTTGGCCACATCCTCCAGCGCACCGATCTGCTCGCCACTGTGCCGATATGTTTAGCCGACTGCTGCGTAGAGCCCTTCGGCCTAAGCGCCTTGCCGCACCCAGTCG
TCTTGCCTGAAATAGCCATCAACATGTTCTGGCATGCGAAGTACCACAAGGACCTAGCCAATATTTGGTTGCGGCAACTGATGTTTGACCTGTTTACGGATTGATAAGGATCCTA
ATTGGTAACGAATCAGACAATTGACGGCTCGAGGGAGTAGCATAGGGTTTGCAGAATCCCTGCTTCGTCCATTTGACAGGCACATTATGCATCGATGATAAGCTGTCAAACATGA
GCAGATCCTCTACGCCGGACGCATCGTGGCCGGCATCACCGGCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCGATGGGGAAGATCGGGCTCGCCACTTCGGG
CTCATGAGCAAATATTTTATCTGAGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGATGAGGGT
GTCAGTGAAGTGCTTCATGTGGCAGGAGAAAAAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGT
TCGACTGCGGCGAGCGGARAATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCARAGCCGTTTTTCCATAGGC
TCCGCCCCCCTGACAAGCATCACGAAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCC
TGTTCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCA
CGAACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGATTTAGA
GGAGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTCAGAGAACC
TTCGAAAAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCAGTGGAACG
AAAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTARATTCCAACATGGATGCTGATT
TATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGT
TGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACT
GCGATCCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTA
ATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGA
ACAAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGT
ATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTA
TTGATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATA
TATTTTTATCTTGTGCAATGTACATCAGAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG
AGCTG “CGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACG C C TTTTGTTTAATACTAGAGAAAGAGGGGAAATACTAGATGGTGA
GCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGG
CAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCGCTACCCCGACCACATG
AAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCG
ACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGA
CAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAATCGGCGACGGCCCCGTG
CTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTACTGGAGTTCGTGACCGCCGCCGGGATCACTCTCG
GCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCAATG
GGAAGAGAGTCAATTCAGGGGGGTGAATAATGGACATGCCTCGTATTARACCGGGTCAGCGTGTTATGATGGCACTGCGTAAAATGAT
TGCAAGCGGTGAAATCAAAAGTGGTGAACGTATTGCAGAAATTCCGACCGCAGCAGCACTGGGTGTTAGCCGTATGCCGGTTCGTATCGCACTGCGTTCACTGGAACAAGAAGGT
CTGGTTGTTCGTCTGGGTGCACGTGGTTATGCAGCCCGTGGTGTTAGCAGCGATCAGATTCGTGATGCAATTGAAGTTCGTGGTGTTCTGGAAGGTTTTGCAGCACGTCGTCTGG
CAGAACGTGGTATGACCGCAGAAACCCATGCACGTTTTGTTGTACTGATTGCAGAAGGTGAAGCACTGTTTGCAGCCGGTCGCCTGAATGGTGAAGATCTGGATCGTTATGCCGC
ATATAATCAGGCATTTCATGATACCCTGGTTAGCGCAGCAGGTAATGGTGCAGTTGAAAGCGCACTGGCACGTAATGGTTTTGAACCGTTTGCAGCAGCCGGTGCACTGGCCCTG
GATCTGATGGACCTGTCTGCCGAATATGAACATCTGCTGGCAGCACATCGTCAGCATCAGGCAGTTCTGGATGCAGTTAGCTGTGGTGATGCCGAAGGTGCAGAACGTATTATGC
GTGATCATGCACTGGCAGCAATTCGTAATGCAAAAGTTTTTGAAGCAGCAGCAAGCGCAGGCGCACCGCTGGGTGCAGCATGGTCAATTCGTGCAGATTGATAAGGATCCTAATT
GGTAACGAATCAGACAATTGACGGCTCGAGGGAGTAGCATAGGGTTTGCAGAATCCCTGCTTCGTCCATTTGACAGGCACATTATGCATCGATGATAAGCTGTCAAACATGAGCA
GATCCTCTACGCCAGACGCATCGTGGCCGGCATCACCGGCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCGATGGGGAAGATCGGGCTCGCCACTTCGGGCTC
ATGAGCAAATATTTTATCTGAGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGATGAGGGTGTC
AGTGAAGTGCTTCATGTGGCAGGAGAAAAAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTTCG
ACTGCGGCGAGCGGAAATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCAAAGCCGTTTTTCCATAGGCTCC
GCCCCCCTGACAAGCATCACGAAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGT
TCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCACGA
ACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGATTTAGAGGA
GTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTCAGAGAACCTTC
GAAAAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCAGTGGAACGAAA
AATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTAT
ATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGC
CAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCG
ATCCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATT
GTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACA
AGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAARATTAATAGGTTGTATT
GATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTG
ATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATAT
TTTTATCTTGTGCAATGTACATCAGAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG

AGCTGTC GGATGTGCTT GTCTGATGAGTCCGTGAGGACGAAACA TCTACAAATAATTTTGTTTAATACTAGAGAAAGAGGGG
AAATACTAGATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGG
GCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCG
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CTACCCCGACCACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAG
GTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACG
TCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAAT
CGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCC
GCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCAATG

GGAAGAGAGTCAATTCATGGGGGTGAATATGGCACGTACCCCGAGCCGTAGCAGCATTGGTAGCCTGCGTAG
TCCGCATACCCATAAAGCAATTCTGACCAGCACCATTGAAATCCTGAAAGAATGTGGTTATAGCGGTCTGAGCATTGAAAGCGTGGCACGTCGCGCCGGTGCAGGCAAACCGACC
ATTTATCGTTGGTGGACCAACAAAGCAGCACTGATTGCCGAAGTGTATGAAAATGAAATCGAACAGGTACGTAAATTTCCGGATTTGGGTAGCTTTAAAGCCGATCTGGATTTTC
TGCTGCATAATCTGTGGAAAGTTTGGCGTGAAACCATTTGTGGTGAAGCATTTCGTTGTGTTATTGCAGAAGCACAGTTGGACCCTGTAACCCTGACCCAACTGAAAGATCAGTT
TATGGAACGTCGTCGTGAGATACCGAAAAAACTGGTTGAAGATGCCATTAGCAATGGTGAACTGCCGAAAGATATCAATCGTGAACTGCTGCTGGATATGATTTTTGGTTTTTGT
TGGTATCGCCTGCTGACCGAACAGTTGACCGTTGAACAGGATATTGAAGAATTTACCTTCCTGCTGATTAATGGTGTTTGTCCGGGTACACAGTGTTGATAAGGATCCTAATTGG
TAACGAATCAGACAATTGACGGCTCGAGGGAGTAGCATAGGGTTTGCAGAATCCCTGCTTCGTCCATTTGACAGGCACATTATGCATCGATGATAAGCTGTCAAACATGAGCAGA
TCCTCTACGCCGGACGCATCGTGGCCGGCATCACCGGCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCGATGGGGAAGATCGGGCTCGCCACTTCGGGCTCAT
GAGCAAATATTTTATCTGAGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGATGAGGGTGTCAG
TGAAGTGCTTCATGTGGCAGGAGAAAAAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTTCGAC
TGCGGCGAGCGGARAATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCAAAGCCGTTTTTCCATAGGCTCCGC
CCCCCTGACAAGCATCACGAAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTC
CTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCACGAAC
CCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGATTTAGAGGAGT
TAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGA
AAAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCAGTGGAACGARAAA
TCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAARACGTCTTGCTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATAT
GGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCARAGGTAGCGTTGCCA
ATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGAT
CCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGT
CCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAG
TCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGA
TGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGAT
AATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTT
TTATCTTGTGCAATGTACATCAGAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG

AGCTGTCACCG GTGCTTTCCGGTCTGAT TCCGTGAGGAC GCCTCTAC TAATTTTGTTT ACTAGAGA
AAGAGGGGAAATACTAGATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGA
GGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGC
TTCGCCCGCTACCCCGACCACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCC
GCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAG
CCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAAL
ACCCCAATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCG
TGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGARAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCAATG

GGAAGAGAGTCAATTCAGGGAGGTGAATATGCCGCTGACCGACACCCCGCCGTCTGTTCCGCAG

ARAACCGCGTCGTGGTCGTCCGCGTGGTGCTCCGGACGCTTCTCTTGCTCACCAGTCTCTGATCCGTGCTGGTCTGGAACACCTGACCGAAAAAGGTTACTCTTCGGTTGGTGTTG
ACGAAATCCTGAAAGCTGCTCGTGTTCCGAAAGGTTCTTTCTACCACTACTTCCGTAACAAAGCTGACTTCGGTCTGGCTCTGATCAAAGCTTACGACACCTACTTCGCTCGTCT
CCTCGACCAGGCGTTCCTGGACGGTTCGCTGGCTCCGCTGGCTCGTCTGCGTCTGTTCACCCGTATGGCTGAAGAAGGTATGGCTCGTCACGGTTTCCGTCGTGGTTGCCTGGTT
GGTAACCTGGGTCAGGAAATGGGCGCTCTGCCGGACGACTTCCGTGCTGCTCTGATCGGTGTTCTGGAAACCTGGCAACATCGTACCGCTCAGCTGTTCCGTGAAGCTCAGGCTT
GCGGTGAACTGTCTGCTGACCATGACCCGGACGCTCTGGCTGAAGCTTTCTGGATCGGATGGGAAGGTGCTATCCTGCGTGCTAAACTGGAACTGCGTCCGGACCCGATGCACTC
TTTCACCCGTACCTTCGGTCGTCACTTCGTTACCCGTACCCAGGAATAATGATAAGGATCCTAATTGGTAACGAATCAGACAATTGACGGCTCGAGGGAGTAGCATAGGGTTTGC
AGAATCCCTGCTTCGTCCATTTGACAGGCACATTATGCATCGATGATAAGCTGTCAAACATGAGCAGATCCTCTACGCCGGACGCATCGTGGCCGGCATCACCGGCGCCACAGGT
GCGGTTGCTGGCGCCTATATCGCCGACATCACCGATGGGGAAGATCGGGCTCGCCACTTCGGGCTCATGAGCAAATATTTTATCTGAGGTGCTTCCTCGCTCACTGACTCGCTGC
ACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGCAGGAGAAAARAAGGCTGCACCGGTGCGTCA
GCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCGGAAATGGCTTACGAACGGGGCGGAGATTTCCTGGAA
GATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCAAAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCATCACGAAATCTGACGCTCARATCAGTGGTGGCG
AAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTG
TCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTT
GAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGACAAGT
TTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTA
CGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCAGTGGAACGAARAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCATGA
GCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATARATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAAT
CTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTT
ATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAG
GTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACG
AATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTC
GTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGARAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCC
TATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAARATATGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTT
TTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTACATCAGAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG

AGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACGA
AACAGCCTCTACAAATAATTTTGTTTAATACTAGAGAAAGAGGGGAAATACTAGATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACG
GCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCC
CACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCGCTACCCCGACCACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGC
ACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCA
ACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCC
AACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGGCCTCC
CGAAAGGGGGGCCTTTTTTCGTTTTGGTCCAATGGCGGCGCGCCATCGAATGAGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATAC
TGGCTTACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGCAGGAGAAAAAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCC
TCGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCGGARAATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAG
GGCCGCGGCAAAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCATCACGARAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTT
CCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAG
GCAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCAC
TGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTC
GGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCT
TATTAAGGGGTCTGACGCTCAGTGGAACGAAAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCC
GCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAG
TTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTA
CTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCT
GCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTT
GATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTA
TTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATT
ACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTA
AGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTACATCAGAGATTTTGAGACACAA
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CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG
AGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACGAARACAGCCTCTACAAATAATTTTGTTTAATACTAGAGAAAGAGGGGAAATACTAGATGGT
GAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTAC
GGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCGCTACCCCGACCACA
TGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGG
CGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCC
GACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAATCGGCGACGGCCCCG
TGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCT
CGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCAATG
GGAAGAGAGTCAATTTAGGGAGGTGAATATGCCTCGTCCGAAACTGAAAAGTGATGATGAAGTTCTGGAAGCAGCAACCGTTGTTC
TGAAACGTTGTGGTCCGATTGAATTTACCCTGAGCGGTGTTGCAAAAGAAGTTGGTCTGAGTCGCGCAGCACTGATTCAGCGTTTTACCAATCGTGATACCCTGCTGGTTCGTAT
GATGGAACGTGGTGTTGAACAGGTTCGTCATTATCTGAATGCAATTCCGATTGGTGCAGGTCCGCAGGGTCTGTGGGAATTTCTGCAGGTTCTGGTTCGTAGCATGGATACCCGT
AATGATTTCAGCGTGAACTATCTGATCAGCTGGTATGAACTGCAGGTTCCGGAACTGCGTACCCTGGCAATTCAGCGTAATCGTGCAGTTGTTGAAGGTATTCGTAAACGTCTGC
CTCCGGGTGCACCGGCAGCAGCAGAACTGCTGCTGCATAGCGTTATTGCCGGTGCAACCATGCAGTGGGCAGTTGATCCGGATGGTGAACTGGCAGATCATGTTCTGGCACAGAT
TGCAGCAATTCTGTGTCTGATGTTTCCGGAACATGATGATTTTCAGCTGCTGCAGGCACATGCATAATAATATTGAAAAAGGAAGAGTATGAACGAGARAAATATAAAACACAGT
CAAAACTTTATTACTTCAAAACATAATATAGATAAAATAATGACAAATATAAGATTAAATGAACATGATAATATCTTTGAAATCGGCTCAGGAAAAGGCCATTTTACCCTTGAAT
TAGTAAAGAGGTGTAATTTCGTAACTGCCATTGAAATAGACCATAAATTATGCAAAACTACAGAAAATAAACTTGTTGATCACGATAATTTCCAAGTTTTAAACAAGGATATATT
GCAGTTTAAATTTCCTAAAAACCAATCCTATAAAATATATGGTAATATACCTTATAACATAAGTACGGATATAATACGCAAAATTGTTTTTGATAGTATAGCTAATGAGATTTAT
TTAATCGTGGAATACGGGTTTGCTAAAAGATTATTAAATACAAAACGCTCATTGGCATTACTTTTAATGGCAGAAGTTGATATTTCTATATTAAGTATGGTTCCAAGAGAATATT
TTCATCCTAAACCTAAAGTGAATAGCTCACTTATCAGATTAAGTAGAAAAAAATCAAGAATATCACACAAAGATAAACAAAAGTATAATTATTTCGTTATGAAATGGGTTAACAA
AGAATACAAGAAAATATTTACAAAAAATCAATTTAACAATTCCTTAAAACATGCAGGAATTGACGATTTAAACAATATTAGCTTTGAACAATTCTTATCTCTTTTCAATAGCTAT
AAATTATTTAATAAGTGATAAGGATCCTAATTGGTAACGAATCAGACAATTGACGGCTCGAGGGAGTAGCATAGGGTTTGCAGAATCCCTGCTTCGTCCATTTGACAGGCACATT
ATGCATCGATGATAAGCTGTCAAACATGAGCAGATCCTCTACGCCGGACGCATCGTGGCCGGCATCACCGGCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCG
ATGGGGAAGATCGGGCTCGCCACTTCGGGCTCATGAGCAAATATTTTATCTGAGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATAC
TGGCTTACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGCAGGAGAAAAAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCC
TCGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCGGARATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAG
GGCCGCGGCAAAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCATCACGAAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTT
CCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAG
GCAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCAC
TGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTC
GGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCT
TATTAAGGGGTCTGACGCTCAGTGGAACGAAAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAARACGTCTTGCTCGAGGCC
GCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAG
TTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTA
CTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGGAARAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGARAATATTGTTGATGCGCTGGCAGTGTTCCT
GCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTT
GATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTA
TTTTTGACGAGGGGAARATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATT
ACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTA
AGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTACATCAGAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG

AGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACGAAACAGCCTCTACAAATAA
TTTTGTTTAATACTAGAGAAAGAGGGGAAATACTAGATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACA
AGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTT
CGGCTACGGCCTGCAATGCTTCGCCCGCTACCCCGACCACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGAC
GACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGC
TGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGC
CGACCACTACCAGCAGAACACCCCAATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCAC
ATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGARAAGAGGCCTCCCGAAAGGGGGGCCTTTTT
TCGTTTTGGTCCAATGGCGGCGCGCCATCGAATGAGGTGCTTCCTCGCTCACTGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCA
CTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGCAGGAGAAAAAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTA
CGCTCGGTCGTTCGACTGCGGCGAGCGGAAATGGCTTACGAACGGGGCGGAGATTTCATGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCAAAGCCGTT
TTTCCATAGGCTCCGCCCCCCTGACAAGCATCACGAAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATARAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTC
GTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTG
GACTGTATGCACGAACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTA
ATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGARAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAG
CTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGC
TCAGTGGAACGAAAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAATTCCAACAT
GGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGC
AAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGT
TACTCACCACTGCGATCCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGAT
TCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGC
TGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAAT
TAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCA
AAAATATGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGT
TCATGATGATATATTTTTATCTTGTGCAATGTACATCAGAGATTTTGAGACACAA

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCCGCTTAACGATCGTTGGCTG

AGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACGA
AACAGCCTCTACAAATAATTTTGTTTAATACTAGAGAAAGAGGGGAAATACTAGATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACG
GCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCC
CACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCGCTACCCCGACCACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGC
ACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCA
ACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCC
AACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAGAAAAGAGGCCTCC
CGAAAGGGGGGCCTTTTTTCGTTTTGGTCCAATG GGAAGAGAGTCAATTCAGGGTGGTGAA
TATGATTGAGAATACCTATAGCGAAAAGTTCGAGTCCGCGTTCGAACAGATCAAAGCGGCGGCCAACGTGGATGCCGCCATCCGTATTCTCCAGGCGGAATATAACCTCGATTTC
GTCACCTACCATCTCGCCCAGACAATCGCGAGCAAGATCGATTCGCCCTTCGTGCGCACCACCTATCCGGATGCCTGGGTTTCCCGTTACCTCCTCAACTGCTATGTGAAGGTCG
ATCCGATCATCAAGCAGGGCTTCGAACGCCAGCTGCCCTTCGACTGGAGCGAGGTCGAACCGACGCCGGAGGCCTATGCCATGCTGGTCGACGCCCAGAAACACGGCATCGATGA
CAATGGCTACTCCATCCCCGTCGCCGACAAGGCGCAGCGCCGCGCCCTGCTGTCGCTGAATGCCCATATACCGGCCGACGAATGGACCGAGCTCGTGCGCCGCTGCCGCAATGAG
TGGATCGAGATCGCCCATCTGATCCACCGCAAGGCCGTATATGAGCTGCATGGCGAAAACGATCCGGTGCCGGCATTGTCGCCGCGCGAGATCGAGTGTCTGCACTGGACCGCCC
TCGGCAAGGATTACAAGGATATTTCGGTCATCCTGGGCATATCAGAGCATACCACACGCGATTACCTGAAAACCGCCCGCTTCAGGCTCGGCTGCACCACGATCTCGGCCGCCGL
GTCGCGGGCTGTTCAATTGCGCATCATCAATCCCTATAGGATCCGCATGACGCGACGTAATTGGTAATAGCCTAATTGGTAACGAATCAGACAATTGACGGCTCGAGGGAGTAGC
ATAGGGTTTGCAGAATCCCTGCTTCGTCCATTTGACAGGCACATTATGCATCGATGATAAGCTGTCAAACATGAGCAGATCCTCTACGCCGGACGCATCGTGGCCGGCATCACCG
GCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCGATGGGGAAGATCGGGCTCGCCACTTCGGGCTCATGAGCAAATATTTTATCTGAGGTGCTTCCTCGCTCAC
TGACTCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGCAGGAGAAAAAAGGCTGCA
CCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCGGAAATGGCTTACGAACGGGGCGGAG
ATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCAAAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCATCACGAAATCTGACGCTCAAAT
CAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTAT
GGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTA
ACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTG
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AAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGA
GCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCAGTGGAACGAAAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGAC
AGTTACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCA
GGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGC
TGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATA
TCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAG
GCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCAC
CGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGA
TCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGAATARATTGCAGTTTCATTTGATG
CTCGATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTACATCAGAGATTTTGAGACA
CAA

LLAATTATTGAAGGLLTLLLTAALGGGGGGL CTTTTTTTGTTTCTGGTCTCCCGCTTGATAAGTCCCTAACT

5GATGTGCTTTCCGGTCTGATGAGT TTTTGTTT b; \GGGC TACTAGATGGTGAGCAAGG!
GAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCC
TGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCGCTACCCCGACCACATGAAGCTGCACGA
CTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTG
AACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGA
ACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAATCGGCGACGGCCCCGTGCTGCTGCCCGA
CAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAG
CTGTACAAGTAACTCGGTACCAAATTCCAGAARAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCCGATCCTCTACGCCGGACGCATCGTGGCCGGCATCACCGGCGC
CACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCGATGGGGAAGATCGGGCTCGCCACTTCGGGCTCATGAGCAAATATTTTATCTGAGGTGCTTCCTCGCTCACTGAC
TCGCTGCACGAGGCAGACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGCAGGAGAAAAAAGGCTGCACCGG
TGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGCGGARATGGCTTACGAACGGGGCGGAGATTT
CATGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCAAAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCATCACGAAATCTGACGCTCAAATCAGT
GGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCC
GCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTA
TCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAG
GACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAA
GAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCAGTGGAACGAAAAATCAATCTAAAGTATATATGAGTARAACTTGGTCTGACAGTT
ACCATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTG
CGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGAC
GGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATATCCT
GATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGC
AATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGA
TTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTT
GCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCG
ATGAGTTTTTCTAAAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTACATCAGAGATTTTGAGACACAA

a) DNA sequence colors correspond to promoters (orange), ribozyme insulators (blue), RBSs (green), protein coding sequences
(red), terminators (purple), and plasmid backbone and spacers (black).
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