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Table S1 Strains and plasmid
	Strains or plasmid
	 Description
	Source 

	pTrc99a
	[bookmark: OLE_LINK3]expression vector
	Lab stock

	pTrc99a-1
	pTrc99a-yqhD
	This study

	pTrc99a-2
	pTrc99a-yahK
	This study

	pTrc99a-3
	pTrc99a-yjgB
	This study

	pTrc99a-4
	pTrc99a-yjhH
	This study

	pTrc99a-5
	pTrc99a-ygjR
	This study

	pTrc99a-6
	pTrc99a-ydbC
	This study

	pTrc99a-7
	pTrc99a-ygbJ
	This study

	pTrc99a-8
	pTrc99a-yagE
	This study

	pTrc99a-9
	pTrc99a-yghZ
	This study

	pTrc99a-10
	pTrc99a-fucO
	This study

	pTrc99a-11
	pTrc99a-yjgB(D44G)
	This study

	pTrc99a-12
	pTrc99a-yjgB(D44A)
	This study

	pTrc99a-13
	pTrc99a-yjgB(D44V)
	This study

	pTrc99a-14
	pTrc99a-yjgB(D44L)
	This study

	pTrc99a-15
	pTrc99a-yjgB(D44I)
	This study

	pTrc99a-16
	pTrc99a-yjgB(D44P)
	This study

	pTrc99a-17
	pTrc99a-yjgB(D44F)
	This study

	pTrc99a-18
	pTrc99a-yjgB(D44Y)
	This study

	pTrc99a-19
	pTrc99a-yjgB(D44W)
	This study

	pTrc99a-20
	pTrc99a-yjgB(D44S)
	This study

	pTrc99a-21
	pTrc99a-yjgB(D44T)
	This study

	pTrc99a-22
	pTrc99a-yjgB(D44C)
	This study

	pTrc99a-23
	pTrc99a-yjgB(D44M)
	This study

	pTrc99a-24
	pTrc99a-yjgB(D44N)
	This study

	pTrc99a-25
	pTrc99a-yjgB(D44Q)
	This study

	pTrc99a-26
	pTrc99a-yjgB(D44E)
	This study

	pTrc99a-27
	pTrc99a-yjgB(D44K)
	This study

	pTrc99a-28
	pTrc99a-yjgB(D44R)
	This study

	pTrc99a-29
	pTrc99a-yjgB(D44H)
	This study

	pTrc99a-30
	pTrc99a-yjgB(E205G)
	This study

	pTrc99a-31
	pTrc99a-yjgB(E205A)
	This study

	pTrc99a-32
	pTrc99a-yjgB(E205V)
	This study

	pTrc99a-33
	pTrc99a-yjgB(E205L)
	This study

	pTrc99a-34
	pTrc99a-yjgB(E205I)
	This study

	pTrc99a-35
	pTrc99a-yjgB(E205P)
	This study

	pTrc99a-36
	pTrc99a-yjgB(E205F)
	This study

	pTrc99a-37
	pTrc99a-yjgB(E205Y)
	This study

	pTrc99a-38
	pTrc99a-yjgB(E205W)
	This study

	pTrc99a-39
	pTrc99a-yjgB(E205S)
	This study

	pTrc99a-40
	pTrc99a-yjgB(E205T)
	This study

	pTrc99a-41
	pTrc99a-yjgB(E205C)
	This study

	pTrc99a-42
	pTrc99a-yjgB(E205M)
	This study

	pTrc99a-43
	pTrc99a-yjgB(E205N)
	This study

	pTrc99a-44
	pTrc99a-yjgB(E205Q)
	This study

	pTrc99a-45
	pTrc99a-yjgB(E205D)
	This study

	pTrc99a-46
	pTrc99a-yjgB(E205K)
	This study

	pTrc99a-47
	pTrc99a-yjgB(E205R)
	This study

	pTrc99a-48
	pTrc99a-yjgB(E205H)
	This study

	pTrc99a-49
	pTrc99a-yjgB(W91G)
	This study

	pTrc99a-50
	pTrc99a-yjgB(W91A)
	This study

	pTrc99a-51
	pTrc99a-yjgB(W91V)
	This study

	pTrc99a-52
	pTrc99a-yjgB(W91L)
	This study

	pTrc99a-53
	pTrc99a-yjgB(W91I)
	This study

	pTrc99a-54
	pTrc99a-yjgB(W91P)
	This study

	pTrc99a-55
	pTrc99a-yjgB(W91F)
	This study

	pTrc99a-56
	pTrc99a-yjgB(W91Y)
	This study

	pTrc99a-57
	pTrc99a-yjgB(W91S)
	This study

	pTrc99a-58
	pTrc99a-yjgB(W91T)
	This study

	pTrc99a-59
	pTrc99a-yjgB(W91C)
	This study

	pTrc99a-60
	pTrc99a-yjgB(W91M)
	This study

	pTrc99a-61
	pTrc99a-yjgB(W91N)
	This study

	pTrc99a-62
	pTrc99a-yjgB(W91Q)
	This study

	pTrc99a-63
	pTrc99a-yjgB(W91D)
	This study

	pTrc99a-64
	pTrc99a-yjgB(W91E)
	This study

	pTrc99a-65
	pTrc99a-yjgB(W91K)
	This study

	pTrc99a-66
	pTrc99a-yjgB(W91R)
	This study

	pTrc99a-67
	pTrc99a-yjgB(W91H)
	This study

	pREDCas9
	Sper, Cas9 and λ Red recombinase expression vector
	Lab stock

	pGRB
	Ampr, gRNA expression vector
	Lab stock

	E. coli DH5α
	For plasmid construction
	Lab stock

	E. coli BL21(DE3)
	For protein expression
	Lab stock

	E. coli LE
	High lysine-producing strain, E. coli W3110ΔldcC, ΔamiD, ΔLYP1, icdD410E, pykAG168D
	Lab stock

	D01
	Ec.LE davB knock-in in genome
	This study

	D02
	Ec.D01 davA knock-in in genome
	This study

	D03
	Ec.D02 gabT knock-in in genome
	This study

	D04
	Ec.D03 yahK knock-in in genome
	This study

	D05
	Ec.D04 CAR1 knock-in in genome
	This study

	D06
	Ec.D04 CAR2 knock-in in genome
	This study

	D07
	Ec.D04 CAR3 knock-in in genome
	This study

	D08
	Ec.D05 sfp knock-in in genome
	This study

	D09
	Ec.D06 sfp knock-in in genome
	This study

	D10
	Ec.D07 sfp knock-in in genome
	This study

	D11
	Ec.D08 yqhD knock-in in genome
	This study

	D12
	Ec.D09 yqhD knock-in in genome
	This study

	D13
	Ec.D10 yqhD knock-in in genome
	This study

	D14
	E. coli BL21(DE3) harboring pTrc99a-1
	This study

	D15
	E. coli BL21(DE3) harboring pTrc99a-2
	This study

	D16
	E. coli BL21 harboring pTrc99a-3
	This study

	D17
	E. coli BL21 harboring pTrc99a-4
	This study

	D18
	E. coli BL21(DE3) harboring pTrc99a-5
	This study

	D19
	E. coli BL21(DE3) harboring pTrc99a-6
	This study

	D20
	E. coli BL21(DE3) harboring pTrc99a-7
	This study

	D21
	E. coli BL21(DE3) harboring pTrc99a-8
	This study

	D22
	E. coli BL21(DE3) harboring pTrc99a-9
	This study

	D23
	E. coli BL21(DE3) harboring pTrc99a-10
	This study

	D24
	E. coli BL21(DE3) harboring pTrc99a-11
	This study

	D25
	E. coli BL21(DE3) harboring pTrc99a-12
	This study

	D26
	E. coli BL21(DE3) harboring pTrc99a-13
	This study

	D27
	E. coli BL21(DE3) harboring pTrc99a-14
	This study

	D28
	E. coli BL21(DE3) harboring pTrc99a-15
	This study

	D29
	E. coli BL21(DE3) harboring pTrc99a-16
	This study

	D30
	E. coli BL21(DE3) harboring pTrc99a-17
	This study

	D31
	E. coli BL21(DE3) harboring pTrc99a-18
	This study

	D32
	E. coli BL21(DE3) harboring pTrc99a-19
	This study

	D33
	E. coli BL21(DE3) harboring pTrc99a-20
	This study

	D34
	E. coli BL21(DE3) harboring pTrc99a-21
	This study

	D35
	E. coli BL21(DE3) harboring pTrc99a-22
	This study

	D36
	E. coli BL21(DE3) harboring pTrc99a-23
	This study

	D37
	E. coli BL21(DE3) harboring pTrc99a-24
	This study

	D38
	E. coli BL21 (DE3)harboring pTrc99a-25
	This study

	D39
	E. coli BL21(DE3) harboring pTrc99a-26
	This study

	D40
	E. coli BL21(DE3) harboring pTrc99a-27
	This study

	D41
	E. coli BL21(DE3) harboring pTrc99a-28
	This study

	D42
	E. coli BL21(DE3) harboring pTrc99a-29
	This study

	D43
	E. coli BL21(DE3) harboring pTrc99a-30
	This study

	D44
	E. coli BL21(DE3) harboring pTrc99a-31
	This study

	D45
	E. coli BL21(DE3) harboring pTrc99a-32
	This study

	D46
	E. coli BL21(DE3) harboring pTrc99a-33
	This study

	D47
	E. coli BL21(DE3) harboring pTrc99a-34
	This study

	D48
	E. coli BL21(DE3) harboring pTrc99a-35
	This study

	D49
	E. coli BL21(DE3) harboring pTrc99a-36
	This study

	D50
	E. coli BL21(DE3) harboring pTrc99a-37
	This study

	D51
	E. coli BL21(DE3) harboring pTrc99a-38
	This study

	D52
	E. coli BL21(DE3) harboring pTrc99a-39
	This study

	D53
	E. coli BL21(DE3) harboring pTrc99a-40
	This study

	D54
	E. coli BL21(DE3) harboring pTrc99a-41
	This study

	D55
	E. coli BL21(DE3) harboring pTrc99a-42
	This study

	D56
	E. coli BL21(DE3) harboring pTrc99a-43
	This study

	D57
	E. coli BL21(DE3) harboring pTrc99a-44
	This study

	D58
	E. coli BL21(DE3) harboring pTrc99a-45
	This study

	D59
	E. coli BL21(DE3) harboring pTrc99a-46
	This study

	D60
	E. coli BL21(DE3) harboring pTrc99a-47
	This study

	D61
	E. coli BL21(DE3) harboring pTrc99a-48
	This study

	D62
	E. coli BL21(DE3) harboring pTrc99a-49
	This study

	D63
	E. coli BL21(DE3) harboring pTrc99a-50
	This study

	D64
	E. coli BL21(DE3) harboring pTrc99a-51
	This study

	D65
	E. coli BL21(DE3) harboring pTrc99a-52
	This study

	D66
	E. coli BL21(DE3) harboring pTrc99a-53
	This study

	D67
	E. coli BL21(DE3) harboring pTrc99a-54
	This study

	D68
	E. coli BL21(DE3) harboring pTrc99a-55
	This study

	D69
	E. coli BL21(DE3) harboring pTrc99a-56
	This study

	D70
	E. coli BL21(DE3) harboring pTrc99a-57
	This study

	D71
	E. coli BL21(DE3) harboring pTrc99a-58
	This study

	D72
	E. coli BL21(DE3) harboring pTrc99a-59
	This study

	D73
	E. coli BL21(DE3) harboring pTrc99a-60
	This study

	D74
	E. coli BL21(DE3) harboring pTrc99a-61
	This study

	D75
	E. coli BL21(DE3) harboring pTrc99a-62
	This study

	D76
	E. coli BL21(DE3) harboring pTrc99a-63
	This study

	D77
	E. coli BL21(DE3) harboring pTrc99a-64
	This study

	D78
	E. coli BL21(DE3) harboring pTrc99a-65
	This study

	D79
	E. coli BL21(DE3) harboring pTrc99a-66
	This study

	D80
	E. coli BL21(DE3) harboring pTrc99a-67
	This study

	D81
	Ec.D13 yjgB knock-in in genome
	This study

	D82
	Ec.D13 yjgB(E205I) knock-in in genome
	This study

	D83
	Ec.D13yjgB(E205Y) knock-in in genome
	This study

	D84
	Ec.D13 yjgB(E205T) knock-in in genome
	This study

	D85
	Ec.D13 yjgB(E205C) knock-in in genome
	This study

	D86
	Ec.D13yjgB(E205M) knock-in in genome
	This study

	D87
	Ec.D13 yjgB(E205N) knock-in in genome
	This study

	D88
	Ec.D82 pntAB knock-in in genome
	This study

	D89
	Ec.D83 pntAB knock-in in genome
	This study

	D90
	Ec.D84 pntAB knock-in in genome
	This study

	D91
	Ec.D85 pntAB knock-in in genome
	This study

	D92
	Ec.D86 pntAB knock-in in genome
	This study

	D93
	Ec.D87 pntAB knock-in in genome
	This study

	
	
	

	
	
	

	
	
	



Table S2 Primers
	Primers
	 Sequences (5`-3`)

	yghX-U1
	GGTAGGCGGGATGACGGCATT                                                                     

	yghX-U2
	GAAATTGTTATCCGCTCACAATTCCACACATTATACGAGCCGGATGATTAATTGTCAACGCTTGCGGATAGCGTTGCA            

	davB-F
	CGTATAATGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGACCATGAATAAAAAGAACAGGCACCCCG

	davB-R
	ACAGATAAAACGAAAGGCCCAGTCTTTCGACTGAGCCTTTCGTTTTATTTGTTAGTCGGCTAAGGCAATCGG

	yghX-D1
	TCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATCGTTATGACAAATCTGCCGCCGAT

	yghX-D2
	CGCGTCAGAATACCCGCTTCCC                    

	yjiV-U1
	TAAAAGCACTACCTGTGAAGGGATG

	yjiV-U2
	AATTGTTATCCGCTCACAATTCCACACATTATACGAGCCGGATGATTAATTGTCAAACAGAATGCAACTTCGTATACAGGG

	davA-F
	CGTATAATGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGACCATGAGGATAGCTCTATATCAAGGAGCACC

	davA-R
	ACAGATAAAACGAAAGGCCCAGTCTTTCGACTGAGCCTTTCGTTTTATTTGTTAGCCTTTACGCAGATGCAGC

	yjiV-D1
	AAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATCTAAACGGACTAACAGCCTGGAAAC

	yjiV-D2
	GGTAAGATGCTCGAACGAAATATGG           

	ycgH-U1
	TAAACTCGTCAGCGGCACAA

	ycgH-U2
	AATTGTTATCCGCTCACAATTCCACACATTATACGAGCCGGATGATTAATTGTCAAGGTAGGCGTTTCTGTTGATTCTG

	gabT-F
	CGTATAATGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGACCATGAACAGCAATAAAGAGTTAATGCAGCG

	gabT-R
	ACAGATAAAACGAAAGGCCCAGTCTTTCGACTGAGCCTTTCGTTTTATTTGCTACTGCTTCGCCTCATCAAAACA

	ycgH-D1
	AAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATGCGTGTCGGATTATCGTTCG

	ycgH-D2
	GGTCTGGATGTTGTTATTTGCG

	yeeP-U1
	TGAGGTAGTGAAAGGTCCATATTCCGT                                                     

	yeeP-U2
	AATTGTTATCCGCTCACAATTCCACACATTATACGAGCCGGATGATTAATTGTCAAATACCGGCCATATCCCATTCATGG

	yahK1-F
	CGTATAATGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGACCATGAAGATCAAAGCTGTTGGTGC

	yahK1-R
	ACAGATAAAACGAAAGGCCCAGTCTTTCGACTGAGCCTTTCGTTTTATTTGTCAGTCTGTTAGTGTGCGATTATCG

	yeeP-D1
	AGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATCCCGTGCGGTATGGAACTG

	yeeP-D2
	GGGTTACAGTGCCGGAGGTC   

	yciQ-U1
	GAAGTTTCGCTGCATTTTGCTGTTG                                                               

	yciQ-U2
	AATTGTTATCCGCTCACAATTCCACACATTATACGAGCCGGATGATTAATTGTCAATATAAATTTCAAACGGCCAGTGGTTACCG   

	yciQ-D1-1
	TGCGCTGGTTGATTTCTTCTCAGTCTGACAAGAACCAGCAAATCC

	yciQ-D1-2
	AGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATCAGTCTGACAAGAACCAGCAAATCC

	yciQ-D2
	CCACGCCTGAACAAATCAGTGG        

	CAR1-F
	CGTATAATGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGACCATGACTGAAACGATCTCCACAGC

	CAR1-U-F
	GGGAGAGTTTGTCGCGGT

	CAR1-R
	AGAAGAAATCAACCAGCGCACGCACATCAGGAGCCAGATC

	CAR1-D-R
	CTACACCAGGCCCAACAG

	CAR2-F
	CGTATAATGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGACCATGACTGAAACGATTTCCACACCC

	CAR2-U-F
	CAAGCTTGCCCAGGGTGAG

	CAR2-R
	AGAAGAAATCAACCAGCGCAGCAGCAATTCGGAGTACGACAG

	CAR2-D-R
	CTAGATCAGACCCAACAGACTG

	CAR3-F
	CGTATAATGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGACCATGGAGCGCAAGGCGGAAGTATTG

	CAR3-U-F
	GAAGTTGGAGGCCATCTTCGTC

	CAR3-R
	AGAAGAAATCAACCAGCGCACAACGCTGCCAGCGAATC

	CAR3-D-R
	CTACAGCAGGTTTCGCAATTTC

	Sfp-F
	ATGAAGATTTACGGAATTTATATGGACCGCC

	Sfp1-F
	TGCGCTGGTTGATTTCTTCTATTCATCGACCTCGGTGGC

	Sfp2-F
	TGCGCTGGTTGATTTCTTCTGCGACATCTTCGAGGTGGAC

	Sfp3-F
	TGCGCTGGTTGATTTCTTCTTCGTTTTCGACACTGCTGCAG

	sfp-R
	ACAGATAAAACGAAAGGCCCAGTCTTTCGACTGAGCCTTTCGTTTTATTTGTTAGAGAAGTTCTTCATAGCTAACCATGGTG

	yjgX-U1
	GGCTTCAACAGTGAAACAGTACAGGA

	yjgX-U2
	TCCGCTCACAATTCCACACATTATACGAGCCGGATGATTAATTGTCAATCATATATGGCAGACTGTAATACAGTCGCTTG

	yqhD1-F
	CGTATAATGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGACCATGAACAACTTTAATCTGCACACCCCAAC

	yqhD1-R
	ACAGATAAAACGAAAGGCCCAGTCTTTCGACTGAGCCTTTCGTTTTATTTGTTAGCGGGCGGCTTCGTATATAC 

	yjgX-D1
	TTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATTTTGCTTTCTCCTGTAGTGTTTTCTGTAGG

	yjgX-D2
	TGTGCCTTGAAATGCACGATCTTTC

	ygaY-U1
	CAAAGATGTCGTCTGGTTGCAG

	ygaY-U2
	TCCGCTCACAATTCCACACATTATACGAGCCGGATGATTAATTGTCAATATTTTTGTTCATCAGGTGATGATTAAGCTGG

	yjgB1-F
	CGTATAATGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGACCATGTCGATGATAAAAAGCTATGCCGC

	yjgB1-R
	ACAGATAAAACGAAAGGCCCAGTCTTTCGACTGAGCCTTTCGTTTTATTTGTCAAAAATCGGCTTTCAACACCACG

	ygaY-D1
	ACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATGCAATCAGCAACCGTTTTCGT

	ygaY-D2
	GATTATTGCGTACCAGTTTTGCGG

	ilvG-U1
	CGAGGAAGGGAACAACATTCATACTG                                                           

	ilvG-U2
	AATTGTTATCCGCTCACAATTCCACACATTATACGAGCCGGATGATTAATTGTCAAGCGCCACCCGGATAACC            

	pntAB-F
	CGTATAATGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGACCATGTCTGGAGGATTAGTTACAGCTGC

	pntAB-R
	ACAGATAAAACGAAAGGCCCAGTCTTTCGACTGAGCCTTTCGTTTTATTTGTTAATTTTTGCGGAACATTTTCAGCATGC

	ilvG-D1
	AGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATGGCGCCAGTAATTCAGAAATGTTG

	ilvG-D2
	CGGAGTCATGCAGACGCTG                                         

	pGRB-yghX-1
	AGTCCTAGGTATAATACTAGTTTTTATGGTCGTCAGGCACCGTTTTAGAGCTAGAA

	pGRB-yghX-2
	TTCTAGCTCTAAAACGGTGCCTGACGACCATAAAAACTAGTATTATACCTAGGACT

	pGRB-yjiV-1
	AGTCCTAGGTATAATACTAGTGCGTAGTCGAAATTCTCAGCGTTTTAGAGCTAGAA

	pGRB-yjiV-2
	TTCTAGCTCTAAAACGCTGAGAATTTCGACTACGCACTAGTATTATACCTAGGACT

	pGRB-ycgH-1
	AGTCCTAGGTATAATACTAGTATGCGTCTGAACGACCGTGCGTTTTAGAGCTAGAA

	pGRB-ycgH-2
	TTCTAGCTCTAAAACGCACGGTCGTTCAGACGCATACTAGTATTATACCTAGGACT

	pGRB-yeeP-1
	AGTCCTAGGTATAATACTAGTACATCCGGTTGTGGCCGTATGTTTTAGAGCTAGAA

	pGRB-yeeP-2
	TTCTAGCTCTAAAACATACGGCCACAACCGGATGTACTAGTATTATACCTAGGACT

	pGRB-yciQ-1
	AGTCCTAGGTATAATACTAGTCGCTTTACTTAGCAATGCCTGTTTTAGAGCTAGAA

	pGRB-yciQ-2
	TTCTAGCTCTAAAACAGGCATTGCTAAGTAAAGCGACTAGTATTATACCTAGGACT

	pGRB-yciQ-3
	AGTCCTAGGTATAATACTAGTTGCGCTGGTTGATTTCTTCTGTTTTAGAGCTAGAA

	pGRB-yciQ-4
	TTCTAGCTCTAAAACAGAAGAAATCAACCAGCGCAACTAGTATTATACCTAGGACT

	pGRB-yjgX-1
	AGTCCTAGGTATAATACTAGTCCGTGGCTGAATACGGCACCGTTTTAGAGCTAGAA

	pGRB-yjgX-2
	TTCTAGCTCTAAAACCCGGGTGCCGTATTCAGCCAACTAGTATTATACCTAGGACT

	pGRB-ygaY-1
	AGTCCTAGGTATAATACTAGTTCATGGCTGGCGATCTGGTTGTTTTAGAGCTAGAA

	pGRB-ygaY-2
	TTCTAGCTCTAAAACAACCAGATCGCCAGCCATGAACTAGTATTATACCTAGGACT

	pGRB-ilvG-1
	AGTCCTAGGTATAATACTAGTCAAAAACCGATGCTGTACGTGTTTTAGAGCTAGAA

	pGRB-ilvG-2
	TTCTAGCTCTAAAACACGTACAGCATCGGTTTTTGACTAGTATTATACCTAGGACT

	Ptrc99a-xz-F
	CTGTTTTGGCGGATGAGAGAAG

	Ptrc99a-xz-R
	CATGGTCTGTTTCCTGTGTGAAATTGT

	yqhD-F
	CACACAGGAAACAGACCATGATGAACAACTTTAATCTGCACACCCCAAC

	yqhD-R
	TCTCTCATCCGCCAAAACAGTTAGCGGGCGGCTTCGTATATAC     

	yahK-F
	CACACAGGAAACAGACCATGATGAAGATCAAAGCTGTTGGTGC

	yahK-R
	TCTCTCATCCGCCAAAACAGTCAGTCTGTTAGTGTGCGATTATCG

	yjgB-F
	CACACAGGAAACAGACCATGATGTCGATGATAAAAAGCTATGCCGC

	yjgB-R
	TCTCTCATCCGCCAAAACAGTCAAAAATCGGCTTTCAACACCACG

	yjhH-F
	CACACAGGAAACAGACCATGATGAAAAAATTCAGCGGCATTATTCCACC

	yjhH-R
	TCTCTCATCCGCCAAAACAGTCAGACTGGTAAAATGCCCTGCG

	ygjR-F
	CACACAGGAAACAGACCATGATGATACGTTTCGCTGTGATTGGTACG

	ygjR-R
	TCTCTCATCCGCCAAAACAGTTATAGTTTTACGCTATCTGCCGGAAAAATCAC

	ydbC-F
	CACACAGGAAACAGACCATGATGAGCAGCAATACATTTACTCTCGG

	ydbC-R
	TCTCTCATCCGCCAAAACAGTTATTCTCGCGAAATACCATCCAACGTAG

	ygbJ-F
	CACACAGGAAACAGACCATGATGAAAACGGGATCTGAGTTTCATGTC

	ygbJ-R
	TCTCTCATCCGCCAAAACAGTCATGATTTCGCTCCCGGTAGAG

	yagE-F
	CACACAGGAAACAGACCATGATGCCGCAGTCCGCGTTG

	yagE-R
	TCTCTCATCCGCCAAAACAGTCAGCAAAGCTTGAGCTGTTGC

	yghZ-F
	CACACAGGAAACAGACCATGATGGTCTGGTTAGCGAATCCCG

	yghZ-R
	TCTCTCATCCGCCAAAACAGTCATTTATCGGAAGACGCCTGC

	fucO-F
	CACACAGGAAACAGACCATGATGGCTAACAGAATGATTCTGAACGAAACG

	fucO-R
	TCTCTCATCCGCCAAAACAGTTACCAGGCGGTATGGTAAAGCTCTAC

	ASP44-G-F
	CATTCCGGCCTGTCGATGATCGATAACGAATGG

	ASP44-G-R
	ATCGACAGGCCGGAATGGCAGATCCCGCAGTA

	ASP44-A-F
	CATTCCGCGCTGTCGATGATCGATAACGAATGG

	ASP44-A-R
	ATCGACAGCGCGGAATGGCAGATCCCGCAGTA

	ASP44-V-F
	CATTCCGTGCTGTCGATGATCGATAACGAATGG

	ASP44-V-R
	ATCGACAGCACGGAATGGCAGATCCCGCAGTA

	ASP44-L-F
	CATTCCCTGCTGTCGATGATCGATAACGAATGG

	ASP44-L-R
	ATCGACAGCAGGGAATGGCAGATCCCGCAGTA

	ASP44-I-F
	CCATTCCATTCTGTCGATGATCGATAACGAATGG

	ASP44-I-R
	TCGACAGAATGGAATGGCAGATCCCGCAGTAA

	ASP44-P-F
	CATTCCCCGCTGTCGATGATCGATAACGAATGG

	ASP44-P-R
	ATCGACAGCGGGGAATGGCAGATCCCGCAGTA

	ASP44-F-F
	CCATTCCTTTCTGTCGATGATCGATAACGAATGG

	ASP44-F-R
	TCGACAGAAAGGAATGGCAGATCCCGCAGTAA

	ASP44-Y-F
	CCATTCCTATCTGTCGATGATCGATAACGAATGG

	ASP44-Y-R
	TCGACAGATAGGAATGGCAGATCCCGCAGTAA

	ASP44-W-F
	TCGACAGATAGGAATGGCAGATCCCGCAGTAA

	ASP44-W-R
	ATCGACAGCCAGGAATGGCAGATCCCGCAGTA

	ASP44-S-F
	CATTCCAGCCTGTCGATGATCGATAACGAATGG

	ASP44-S-R
	ATCGACAGGCTGGAATGGCAGATCCCGCAGTA

	ASP44-T-F
	CATTCCACCCTGTCGATGATCGATAACGAATGG

	ASP44-T-R
	ATCGACAGGGTGGAATGGCAGATCCCGCAGTA

	ASP44-C-F
	CATTCCTGCCTGTCGATGATCGATAACGAATGG

	ASP44-C-R
	ATCGACAGGCAGGAATGGCAGATCCCGCAGTA

	ASP44-M-F
	ATCGACAGGCAGGAATGGCAGATCCCGCAGTA

	ASP44-M-R
	ATCGACAGGCAGGAATGGCAGATCCCGCAGTA

	ASP44-N-F
	CCATTCCAACCTGTCGATGATCGATAACGAATGG

	ASP44-N-R
	TCGACAGGTTGGAATGGCAGATCCCGCAGTAA

	ASP44-Q-F
	CATTCCCAGCTGTCGATGATCGATAACGAATGG

	ASP44-Q-R
	ATCGACAGCTGGGAATGGCAGATCCCGCAGTA

	ASP44-E-F
	CCATTCCGAACTGTCGATGATCGATAACGAATGG

	ASP44-E-R
	TCGACAGTTCGGAATGGCAGATCCCGCAGTAA

	ASP44-K-F
	CCATTCCAAACTGTCGATGATCGATAACGAATGG

	ASP44-K-R
	TCGACAGTTTGGAATGGCAGATCCCGCAGTAA

	ASP44-R-F
	CATTCCCGCCTGTCGATGATCGATAACGAATGG

	ASP44-R-R
	ATCGACAGGCGGGAATGGCAGATCCCGCAGTA

	ASP44-H-F
	ATCGACAGGCGGGAATGGCAGATCCCGCAGTA

	ASP44-H-F
	TCGACAGATGGGAATGGCAGATCCCGCAGTAA

	GLU205-G-F
	AAAGGCCAGGAAGTGCTGGCGATGGGTGCCGA

	GLU205-G-R
	AGCACTTCCTGGCCTTTCGCCGGATTAGAACTAAAGG

	GLU205-A-F
	AAAGCGCAGGAAGTGCTGGCGATGGGTGCCGA

	GLU205-A-R
	AGCACTTCCTGCGCTTTCGCCGGATTAGAACTAAAGG

	GLU205-V-F
	GCGAAAGTGCAGGAAGTGCTGGCGATGGGTGC

	GLU205-V-R
	ACTTCCTGCACTTTCGCCGGATTAGAACTAAAGG

	GLU205-L-F
	GCGAAACTGCAGGAAGTGCTGGCGATGGGTGC

	GLU205-L-R
	ACTTCCTGCAGTTTCGCCGGATTAGAACTAAAGG

	GLU205-I-F
	GGCGAAAATTCAGGAAGTGCTGGCGATGGGTG

	GLU205-I-R
	CTTCCTGAATTTTCGCCGGATTAGAACTAAAGG

	GLU205-P-F
	AAACCGCAGGAAGTGCTGGCGATGGGTGCCGA

	GLU205-P-R
	AAACCGCAGGAAGTGCTGGCGATGGGTGCCGA

	GLU205-F-F
	GGCGAAATTTCAGGAAGTGCTGGCGATGGGTG

	GLU205-F-R
	CTTCCTGAAATTTCGCCGGATTAGAACTAAAGG

	GLU205-Y-F
	GGCGAAATATCAGGAAGTGCTGGCGATGGGTG

	GLU205-Y-R
	CTTCCTGATATTTCGCCGGATTAGAACTAAAGG

	GLU205-W-F
	GCGAAATGGCAGGAAGTGCTGGCGATGGGTGC

	GLU205-W-R
	ACTTCCTGCCATTTCGCCGGATTAGAACTAAAGG

	GLU205-S-F
	GCGAAAAGCCAGGAAGTGCTGGCGATGGGTGC

	GLU205-S-R
	ACTTCCTGGCTTTTCGCCGGATTAGAACTAAAGG

	GLU205-T-F
	GCGAAAACCCAGGAAGTGCTGGCGATGGGTGC

	GLU205-T-R
	ACTTCCTGGGTTTTCGCCGGATTAGAACTAAAGG

	GLU205-C-F
	GCGAAATGCCAGGAAGTGCTGGCGATGGGTGC

	GLU205-C-R
	ACTTCCTGGCATTTCGCCGGATTAGAACTAAAGG

	GLU205-M-F
	GGCGAAAATGCAGGAAGTGCTGGCGATGGGTG

	GLU205-M-R
	CTTCCTGCATTTTCGCCGGATTAGAACTAAAGG

	GLU205-N-F
	GGCGAAAAACCAGGAAGTGCTGGCGATGGGTG

	GLU205-N-R
	CTTCCTGGTTTTTCGCCGGATTAGAACTAAAGG

	GLU205-Q-F
	GCGAAACAGCAGGAAGTGCTGGCGATGGGTGC

	GLU205-Q-R
	ACTTCCTGCTGTTTCGCCGGATTAGAACTAAAGG

	GLU205-D-F
	GGCGAAAGATCAGGAAGTGCTGGCGATGGGTG

	GLU205-D-R
	CTTCCTGATCTTTCGCCGGATTAGAACTAAAGG

	GLU205-K-F
	GGCGAAAAAACAGGAAGTGCTGGCGATGGGTG

	GLU205-K-R
	CTTCCTGTTTTTTCGCCGGATTAGAACTAAAGG

	GLU205-R-F
	AAACGCCAGGAAGTGCTGGCGATGGGTGCCGA

	GLU205-R-R
	AGCACTTCCTGGCGTTTCGCCGGATTAGAACTAAAGG

	GLU205-H-F
	GGCGAAACATCAGGAAGTGCTGGCGATGGGTG

	GLU205-H-R
	CTTCCTGATGTTTCGCCGGATTAGAACTAAAGG

	TRP91-G-F
	TGTCGGGATTGGCGGCACGGCGCGTAGCTGTGGT

	TRP91-G-R
	TGCCGCCAATCCCGACACGCTGACCGACCTGC

	TRP91-A-F
	TGTCGGGATTGGCGCGACGGCGCGTAGCTGTGGT

	TRP91-A-R
	TCGCGCCAATCCCGACACGCTGACCGACCTGC

	TRP91-V-F
	TGTCGGGATTGGCGTGACGGCGCGTAGCTGTGGT

	TRP91-V-R
	TCACGCCAATCCCGACACGCTGACCGACCTGC

	TRP91-L-F
	TGTCGGGATTGGCCTGACGGCGCGTAGCTGTGGT

	TRP91-L-R
	TCAGGCCAATCCCGACACGCTGACCGACCTGC

	TRP91-I-F
	TCGGGATTGGCATTACGGCGCGTAGCTGTGGT

	TRP91-I-R
	CGTAATGCCAATCCCGACACGCTGACCGACCT

	TRP91-P-F
	TGTCGGGATTGGCCCGACGGCGCGTAGCTGTGGT

	TRP91-P-R
	TCGGGCCAATCCCGACACGCTGACCGACCTGC

	TRP91-F-F
	TCGGGATTGGCTTTACGGCGCGTAGCTGTGGT

	TRP91-F-R
	CGTAAAGCCAATCCCGACACGCTGACCGACCT

	TRP91-Y-F
	TCGGGATTGGCTATACGGCGCGTAGCTGTGGT

	TRP91-Y-R
	CGTATAGCCAATCCCGACACGCTGACCGACCT

	TRP91-S-F
	TGTCGGGATTGGCAGCACGGCGCGTAGCTGTGGT

	TRP91-S-R
	TGCTGCCAATCCCGACACGCTGACCGACCTGC

	TRP91-T-F
	TGTCGGGATTGGCACCACGGCGCGTAGCTGTGGT

	TRP91-T-R
	TGGTGCCAATCCCGACACGCTGACCGACCTGC

	TRP91-C-F
	TGTCGGGATTGGCTGCACGGCGCGTAGCTGTGGT

	TRP91-C-R
	TGCAGCCAATCCCGACACGCTGACCGACCTGC

	TRP91-M-F
	TGTCGGGATTGGCATGACGGCGCGTAGCTGTGGT

	TRP91-M-R
	TCATGCCAATCCCGACACGCTGACCGACCTGC

	TRP91-N-F
	TGTCGGGATTGGCAACACGGCGCGTAGCTGTGGT

	TRP91-N-R
	TGTTGCCAATCCCGACACGCTGACCGACCTGC

	TRP91-Q-F
	TGTCGGGATTGGCCAGACGGCGCGTAGCTGTGGT

	TRP91-Q-R
	TCTGGCCAATCCCGACACGCTGACCGACCTGC

	TRP91-D-F
	TGTCGGGATTGGCGATACGGCGCGTAGCTGTGGT

	TRP91-D-R
	TATCGCCAATCCCGACACGCTGACCGACCTGC

	TRP91-E-F
	TGTCGGGATTGGCGAAACGGCGCGTAGCTGTGGT

	TRP91-E-R
	TTTCGCCAATCCCGACACGCTGACCGACCTGC

	TRP91-K-F
	TCGGGATTGGCAAAACGGCGCGTAGCTGTGGT

	TRP91-K-R
	CGTTTTGCCAATCCCGACACGCTGACCGACCT

	TRP91-R-F
	TGTCGGGATTGGCCGCACGGCGCGTAGCTGTGGT

	TRP91-R-R
	TGCGGCCAATCCCGACACGCTGACCGACCTGC

	TRP91-H-F
	TGTCGGGATTGGCCATACGGCGCGTAGCTGTGGT

	TRP91-H-R
	TATGGCCAATCCCGACACGCTGACCGACCTGC














Table S3 Comparison of reported microbial production performance for 1,5-pentanediol.
	Reference
	Host
	Key Engineering Strategy / Feature
	Titer (g/L)
	Culture Condition

	Wang et al., 2020
	E. coli
	Three-module pathway: DavB/DavA (5-AVA), GabT/YqhD (5-HV), CAR/YqhD (1,5-PDO)
	0.97
	Fed-batch

	Cen et al., 2022
	E. coli
	CoA-dependent pathway; Cadaverine route for 5-AVA; Enhanced NADPH supply
	9.25
	Fed-batch

	Chen et al., 2023
	E. coli
	5-AVA synthesis via lysine α-oxidase (RaiP); Enhanced NADPH regeneration; Blocked competing pathways
	10.98
	5-L bioreactor, fed-batch

	Ma et al., 2024
	E. coli
	ATP-independent five-enzyme cascade: CadA/PatA/YjgB/WTA/YqhD
	11.7
	5-L bioreactor, fed-batch

	This work
	E. coli
	Multi-locus chromosomal integration (plasmid-/inducer-free); Computer-aided design of YjgB(E205C); Integrated pntAB for enhanced NADPH regeneration
	12.1
	5-L bioreactor, fed-batch

	Sohn et al., 2022
	C. glutamicum
	DavB/DavA, DavT/YahK, mutant acyl reductase; Cofactor engineering
	43.4
	Fed-batch






Table S4. Specifications of all chromosomal integration constructs in this study.
	Integration Locus
	Gene(s) Inserted
	Promoter
	RBS Sequence
	Terminator

	yghX
	davB
	Ptrc
	AAGGAG
	Yes

	yjjV
	davA
	Ptrc
	AAGGAG
	Yes

	ycgH
	gabT
	Ptrc
	AAGGAG
	Yes

	yeeP
	yahK
	Ptrc
	AAGGAG
	Yes

	yciQ
	car
	Ptrc
	AAGGAG
	Yes

	　
	sfp
	-
	AAGGAG
	Yes

	yjgX
	yqhD
	Ptrc
	AAGGAG
	Yes

	ygaY
	yjgB 
	Ptrc
	AAGGAG
	Yes

	ilvG
	pntAB
	Ptrc
	AAGGAG
	Yes
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Fig. S1 Multiple sequence amino acid comparison of 10 alcohol dehydrogenases.
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Fig. S2. SDS-PAGE analysis of purified alcohol dehydrogenases expressed in E. coli BL21(DE3).
M: Protein molecular weight marker (sizes in kDa are indicated on the left of the gel).
Lanes 1-10: Purified samples of the ten candidate ADHs: 1, YqhD; 2, YahK; 3, YjgB (theoretical MW ~36.2 kDa); 4, YjhH; 5, YgjR; 6, YdbC; 7, YgbJ; 8, YagE; 9, YghZ; 10, FucO. The arrow indicates the position of YjgB, which aligns with its expected molecular weight.
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Fig. S3 5-HV, 5-HP and 1,5-PDO production by strain D13 and D85.​
























Sequences of Codon-Optimized Genes
	gene
	sequences

	davB

	ATGAATAAAAAGAACAGGCACCCCGCTGATGGTAAAAAACCGATCACCATTTTCGGTCCGGACTTCCCGTTCGCATTCGATGACTGGCTGGAGCACCCGGCGGGTTTGGGCAGCATTCCGGCGGAGCGCCACGGCGAAGAGGTGGCGATCGTTGGCGCTGGCATCGCCGGTTTGGTTGCGGCATATGAGCTGATGAAACTTGGCCTCAAGCCGGTGGTTTACGAAGCGTCGAAGCTGGGCGGTCGTCTGCGTTCCCAGGCATTTAACGGCACTGACGGCATTGTGGCTGAGCTGGGTGGAATGCGTTTTCCGGTCAGCAGCACGGCATTTTACCATTACGTGGACAAGCTAGGTCTGGAAACCAAGCCGTTTCCGAATCCGCTGACCCCCGCGTCCGGTAGCACGGTTATTGATCTGGAGGGTCAGACGTACTACGCGGAGAAACCGACCGATCTGCCGCAGCTGTTCCATGAAGTGGCCGACGCTTGGGCAGACGCCTTGGAGAGCGGTGCGCAGTTCGCTGATATCCAGCAAGCAATTCGCGACCGCGACGTGCCACGTTTGAAGGAACTGTGGAACAAATTGGTCCCGCTTTGGGACGATAGGACATTCTACGACTTCGTGGCTACCTCTCGTAGCTTCGCGAAGCTCTCCTTTCAGCATCGTGAAGTATTCGGCCAAGTGGGTTTTGGCACTGGTGGTTGGGATAGCGATTTTCCAAACAGCATGCTGGAGATCTTTCGTGTTGTGATGACGAACTGCGATGATCACCAGCACCTGGTGGTGGGTGGCGTTGAGCAAGTTCCGCAAGGTATCTGGCGTCACGTGCCGGAACGTTGTGTTCATTGGCCTGAGGGCACCAGCCTGAGCACCCTGCATGGTGGTGCACCGCGTACCGGCGTCAAACGCATTGCGCGTGCGTCCGACGGTAGATTGGCGGTCACCGACAACTGGGGTGATACCCGCCACTACTCAGCGGTACTGGCGACGTGCCAAACGTGGTTACTGACGACCCAGATTGATTGTGAGGAATCTCTGTTCTCGCAAAAAATGTGGATGGCTCTCGATCGCACCCGTTACATGCAAAGCTCTAAGACCTTTGTTATGGTTGATAGACCTTTCTGGAAAGATAAGGACCCGGAAACTGGCCGTGACTTGCTGTCTATGACCCTGACCGACCGCCTGACCCGTGGTACATACCTGTTCGATAACGGCAATGATAAGCCGGGTGTGATCTGCCTGAGTTATAGCTGGATGAGCGACGCGTTGAAGATGCTGCCGCATCCGGTTGAAAAGCGCGTTCAGCTGGCCCTGGATGCTCTGAAGAAGATCTATCCGAAAACCGACATTGCCGGTCACATTATCGGCGACCCGATCACCGTTTCCTGGGAAGCGGACCCGTATTTCCTGGGCGCTTTCAAAGGTGCTTTACCGGGTCACTATCGTTATAACCAGCGTATGTATGCACACTTCATGCAGCAGGATATGCCGGCGGAGCAACGCGGCATCTTTATCGCGGGCGATGACGTCAGCTGGACCCCTGCGTGGGTTGAGGGCGCGGTGCAAACCTCCTTGAATGCAGTTTGGGGTATCATGAATCATTTTGGTGGCCACACCCATCCGGATAACCCGGGCCCAGGCGACGTGTTTAATGAAATTGGTCCGATTGCCTTAGCCGACTAA

	davA

	ATGAGGATAGCTCTATATCAAGGAGCACCCAAGCCGCTGGACGTTCCGGGTAATCTGCAGCGTCTTCGCCACCAGGCGCAATTGGCGGCTGAGAGAGGTGCTCAATTGTTGGTATGTCCGGAAATGTTCCTGACTGGTTACAATATTGGCCTGGCCCAAGTTGAACGCCTCGCTGAGGCAGCGGACGGTCCGGCAGCCATGACGGTGGTCGAGATCGCCCAAGCACACCGTATTGCGATTGTTTACGGCTACCCGGAGCGCGGCGATGACGGCGCGATCTATAACAGCGTTCAGCTTATTGATGCACATGGTCGTTCTCTGAGCAATTATCGTAAGACCCACCTGTTTGGTGAACTCGACCGTTCCATGTTCTCGCCGGGTGCCGATCATTTTCCAGTCGTGGAACTGGAAGGTTGGAAAGTTGGTCTGCTGATCTGCTATGACATCGAGTTCCCGGAAAACGCTCGTCGTCTGGCGCTGGACGGCGCGGAGTTGATCCTGGTGCCGACGGCGAACATGACCCCGTACGACTTCACCTGCCAGGTTACCGTTCGTGCGCGTGCGCAAGAGAACCAGTGTTATCTGGTGTACGCAAACTACTGCGGTGCGGAAGATGAAATCGAATATTGCGGCCAGTCCAGCATTATCGGCCCAGATGGCAGCCTGCTGGCTATGGCGGGTCGCGATGAGTGCCAGCTGTTAGCGGAGTTGGAGCACGAACGCGTGGTGCAAGGTCGCACCGCATTTCCGTACCTGACCGATCTGCGTCAGGAGCTGCATCTGCGTAAAGGCTAA

	car1 

	ATGACGGAAACTATATCAACAGCAGCTGTACCGACCACCGATCTGGAGGAGCAGGTTAAACGCCGTATTGAACAGGTTGTTTCGAACGATCCGCAACTGGCGGCGCTGCTGCCGGAGGACTCAGTAACCGAAGCGGTCAACGAACCGGACCTGCCGCTGGTCGAGGTAATCAGACGTCTGCTTGAGGGTTACGGGGATCGTCCGGCGTTAGGTCAACGTGCGTTTGAGTTCGTGACGGGTGACGACGGTGCTACCGTTATCGCGCTCAAGCCGGAGTATACCACCGTGTCCTATCGTGAGCTGTGGGAAAGAGCGGAGGCGATTGCGGCGGCTTGGCATGAACAAGGTATCCGCGATGGTGATTTCGTGGCCCAATTGGGCTTTACCAGCACCGACTTTGCAAGTCTTGATGTGGCCGGTCTGCGCTTAGGTACCGTCAGCGTTCCTCTCCAAACCGGCGCGAGCTTACAACAACGTAATGCAATCCTAGAAGAAACCCGTCCAGCGGTCTTTGCGGCAAGTATCGAGTACCTTGACGCTGCAGTTGATAGCGTGCTGGCAACCCCGTCCGTGCGTCTTTTGAGCGTCTTCGATTACCATGCAGAAGTTGACTCTCAGCGCGAGGCCCTGGAAGCTGTTCGTGCTCGCCTTGAGTCAGCTGGGCGTACCATTGTGGTGGAAGCGCTGGCTGAAGCGCTGGCTCGTGGTCGCGACCTGCCGGCAGCTCCGCTGCCATCTGCGGATCCGGACGCTCTGCGTCTGCTGATCTATACCTCTGGCAGTACCGGAACTCCGAAAGGTGCCATGTATCCGCAGTGGCTTGTGGCGAACCTGTGGCAAAAAAAATGGCTGACCGATGATGTTATTCCGAGCATTGGTGTTAACTTTATGCCGATGAGCCATCTGGCCGGCAGGCTGACCCTGATGGGTACGCTGAGCGGCGGTGGCACCGCATATTACATTGCGAGCAGCGATTTATCGACCTTCTTCGAGGATATTGCCCTGATCCGCCCGAGCGAAGTCTTATTTGTGCCGCGTGTAGTAGAGATGGTTTTTCAGCGTTTCCAGGCAGAACTCGACCGTTCCCTGGCGCCTGGAGAGAGCAATAGCGAAATTGCGGAGCGTATCAAAGTTCGTATCCGTGAACAGGATTTCGGTGGGCGTGTCCTATCCGCTGGCTCCGGCTCGGCTCCGTTGAGTCCGGAGATGACCGAGTTCATGGAATCCTTACTGCAAGTGCCATTGCGTGACGGCTACGGTAGCACTGAGGCGGGTGGTGTTTGGCGTGACGGCGTCCTCCAACGCCCTCCCGTCACGGACTACAAGTTGGTGGACGTTCCAGAATTAGGTTACTTCACAACTGACTCTCCGCATCCGCGTGGTGAACTGCGTCTGAAGTCCGAAACCATGTTTCCGGGTTACTATAAACGTCCGGAAACTACCGCAGATGTTTTCGACGACGAAGGCTATTACAAAACCGGTGACGTCGTCGCGGAACTGGGTCCGGATCACCTGAAATATCTGGACCGCGTAAAGAACGTGCTGAAACTGGCGCAGGGTGAGTTTGTTGCGGTGAGCAAGTTGGAGGCCGCATATACGGGTTCTCCGTTGGTTCGTCAGATTTTTGTGTACGGCAACTCCGAGCGCTCATTTCTCTTGGCGGTAGTGGTTCCCACCCCGGAGGTTTTGGAGCGTTATGCCGACAGCCCGGATGCTTTGAAGCCGCTGATTCAGGATAGCTTGCAACAAGTTGCAAAGGATGCCGAGCTGCAATCCTACGAGATCCCGCGTGATTTCATCGTTGAAACCGTGCCGTTTACGGTCGAGTCCGGTCTCCTGAGCGACGCACGCAAATTGTTACGCCCAAAACTGAAGGACCACTATGGTGAACGCCTGGAAGCGCTGTATGCGGAGTTGGCAGAGTCGCAGAATGAACGTCTGCGCCAGCTGGCGAGAGAAGCAGCGACGCGTCCGGTGCTGGAAACGGTTACTGACGCAGCGGCTGCGTTGCTGGGCGCTAGCAGCAGCGACTTGGCGCCGGATGTTCGCTTCATCGATTTGGGCGGTGATAGCTTGTCTGCGTTGTCCTACAGCGAACTGCTGAGGGACATTTTTGAAGTGGATGTGCCAGTTGGCGTCATTAACAGCGTTGCGAACGACCTGGCGGCGATCGCTCGTCATATTGAAGCCCAACGCACCGGTGCGGCTACGCAGCCGACCTTCGCCTCTGTTCACGGTAAAGACGCCACCGTGATCACCGCTGGCGAACTGACTCTGGACAAATTTCTGGATGAAAGCTTGCTTAAGGCAGCCAAGGACGTTCAGCCGGCGACGGCCGATGTTAAGACCGTCTTGGTAACTGGCGGCAACGGTTGGCTTGGCCGTTGGCTCGTGCTGGACTGGCTGGAGCGCCTGGCGCCGAACGGCGGCAAAGTGTACGCCCTGATTCGTGGTGCGGACGCGGAGGCAGCGCGTGCGCGTCTGGACGCGGTTTACGAGTCCGGCGACCCGAAGTTGAGCGCCCACTATCGTCAGCTTGCCCAACAAAGCCTGGAAGTTATTGCCGGTGACTTCGGCGATCAAGATCTGGGCTTATCGCAAGAAGTCTGGCAGAAACTGGCGAAGGACGTGGATCTGATCGTGCACAGCGGTGCGCTGGTTAATCATGTGCTGCCGTATTCCCAGCTGTTCGGACCGAACGTGGCCGGAACCGCAGAGATTATCAAACTGGCGATTTCCGAACGTCTAAAGCCGGTTACCTATCTGTCTACCGTGGGCATCGCAGACCAGATCCCGGTTACCGAGTTCGAAGAGGACAGCGACGTTCGTGTTATGAGCGCGGAGCGTCAGATTAATGACGGTTACGCGAATGGCTACGGCAACTCGAAATGGGCAGGTGAGGTGCTGCTGCGTGAGGCGCACGATTTGGCTGGCTTACCGGTGAGAGTGTTTCGTAGCGATATGATCCTGGCACACAGCGATTACCACGGCCAGCTGAATGTTACGGACGTGTTCACGCGTAGCATCCAAAGCCTGCTGCTGACGGGCGTGGCGCCTGCAAGCTTTTATGAACTGGACGCGGACGGTAATCGTCAGCGGGCGCACTACGATGGCGTCCCGGGTGATTTCACCGCAGCCTCCATTACCGCCATCGGTGGGGTGAACGTGGTGGACGGTTACCGCTCTTTTGATGTGTTCAACCCGCACCATGATGGCGTTAGCATGGATACCTTCGTTGACTGGTTAATAGATGCCGGCTACAAAATTGCACGCATCGATGACTACGACCAGTGGTTGGCGCGTTTCGAGCTGGCCCTGAAGGGTCTGCCAGAACAACAGCGCCAACAGAGCGTGCTGCCGCTGTTGAAGATGTACGAAAAGCCGCAGCCGGCGATCGACGGCAGCGCGTTGCCGACTGCTGAGTTTAGCCGTGCGGTGCACGAGGCCAAGGTGGGTGACTCTGGTGAGATCCCGCATGTTACCAAAGAACTTATCCTGAAGTACGCTTCAGACATTCAGCTGCTCGGTCTGGTGTAA

	car2 

	ATGACGGAAACTATATCAACACCCGCTGCAACCACAACGCCGGATTTGGCGGACCAACAAGAACTGGAGCGCCGTGTTGCGCAAGTGGTTTCCAACGATCCGCAGCTGCAAGCGCTGCTTCCGGACGATGCGGTGAGCGGCGCGGTTAATGAGCCGGGTCTCACCCTAATTGAACTGATCCGTCGTTTGTTAGAAGGTTACGGGGACCGTCCGGCACTGGGTCAGCGTGCAGTGGAGCTGGTTACTGACGAGCACGGCGCGACCACGGTTGCTCTGAAGACCGAATTTGTTACCACCAGCTACAGAGAGCTGTGGAATCGTGCAGAGGCTATCGCAGCGGCCTGGTATGCGCAGGGCATTCGTGACGGCGACTTCGTGGCGCAGCTCGGCTTCACCAGCACGGACTTCGCGTCTCTGGACGTCGCAGGTCTGCGGCTTGGCACCGTGAGCGTTCCGCTGCAAACCGGTGCTTCCGTGCAGCAGCGTAATGCGATCCTGGAGGAAACCCAGCCGACCGTGTTCGCTGCCAGCGTCGAGTACTTGGAAGCCGCCGTGGATTCAGTGTTAGCGACCCCGAGCGTTCAGCTGCTGAGTGTGTTCGATTATCACCCCGAGGCTGACGCACATCGTGCGGCGTTGTCTGCGGTGCGTGATCGATTGGAGACGGCGGGTCGCACCATCACCATTGATTCGCTGGGTGATGCGATCGCACGTGGCCGCGAACTGCCGGCTGCCCCTCAACCGTCCGAGGATCCGGATGCTCTGCGACTGCTGATCTATACCTCTGGCTCCACCGGCACCCCGAAAGGTGCTATGTACCCGCAGTGGCTGGTTGCGAATCTGTGGCAGAAGAAATGGCTGACCACGACCGTTATCCCAAGCGTGGGTGTTAACTTTATGCCGATGAGCCATCTGGCGGGCCGCCTGACTCTGATGGGTACACTGTCCGGTGGTGGCACCGCATATTACATAGCATCGAGCGATCTGAGCACCTTTTTTGAAGACATCGCCTTGATCCGTCCGACTGAGGTTCTGTTCGTGCCCCGTGTCGTGGAAATGGTTTTCCAGCGGTACCAGGCGGAACTGGACCGCAGCCTAGCTCCGGGTGAATCTAACGCCGAAATCGCGGAGAAGATTAAAGTTCGTATCCGCGAAGAAGACTTCGGCGGTCGCGTGCTGAACGCGGGGTCGGGCTCTGCCCCGCTCTCTCCGGAAATGAATGACTTCATGGAAAGTCTACTGCAAGTTGCTATGCTGGATGGCTACGGCAGCACCGAGGCAGGCGCGGTGTGGCGTGACGGTGTTCTCCAGCGTCCACCGGTTACCGAATACAAGTTGGTTGACGTACCGGAGTTGGGTTACTTCACCACCGATTCCCCGCACCCGCGTGGTGAACTGCGTATCAAAAGCGAAACCATGTTTCCGGGTTACTACAAACGCCCGGAGACCACGGCGGATGTTTTTGATGAGGACGGCTTTTATATGACGGGTGACGTCGTGGCCGAGCTGGGCCCAGACCACCTGAAATACCTGGACCGCGTGAAAAACGTTTTGAAGCTGGCGCAAGGTGAATTTGTTGCCGTCTCCAAACTGGAAGCGGCGTATACGGGTTCGCCGTTGGTTCGTCAAATTTTTGTGTATGGTAACAGCGAGCGCTCATACCTGCTGGCTGTGGTTGTGCCTACTCCGGAAGCGCTGGAGCGCTACGCCGACTCCCCAGACGCGCTGAAGCCACTCATTCAGGATAGCCTTCAGCAGGTTGCTAAAGGCGCAGAGCTGCAAAGCTACGAAATTCCGCGTGACTTCATCGTTGAAACCGTGCCGTTTACGGTGGAAAGCGGCCTCCTGTCCGATGCCCGTAAATTGCTGCGCCCGAAATTGAAGGAGCATTACGGCGAACGCCTGGAGGCGCTGTATGCGGATCTGGCCGAGTCCCAAAACGAACGTTTGCGAGAGCTGGCAAGAGAGGCAGCGGGCCGTCCGGTGTTGGATACCGTTACCGATGCAGCCGCGGCCTTATTAGGCGCTCCGGCAGCGGACCTGGGTCCGGACGTAAGATTCATTGATCTAGGTGGTGACAGCCTGTCTGCGCTGAGCTACAGCGAACTGCTGCGTGATATCTTCGAGGTTGATGTCCCCGTTGGTGTCATCAACAGCGTCGCTAATGATCTGGCTGCAATCGCGCGTCATATTGAAGCTCAACGTACCGGGGCGGCGACGCAGCCGACCTTTGCGTCCGTGCACGGTCGTGACGCGACCGTTATTAACGCGGCTGAATTGACCCTGGAGAAATTCATCGATGAATCCGTGCTGAAGGCAGCAAAAGAGATCCAGCCTCCGACCACAGATGTGAAAACCGTGCTGGTGACTGGAGGCAACGGTTGGCTAGGTCGTTGGCTGGTCTTAGACTGGCTTGAGCGCCTGGTCCCGGCAGGCGGTAAAGTTTACGCCCTTATCCGCGGTACAGATGCGGCTGCGGCTAGAGCCCGTCTCGACGCTGTGTACGAAAGCGGTGACCCGAAGCTGACTGCGCACTACCGCCAACTGGCTGAACAAGGTCTGGAAGTGATCGCTGGTGACTTTGGCGACCAGAACCTGGGTCTGTCTCAGGATACCTGGCAGAAGTTGGCTGGCGACGTCGATCTCATCGTGCATAGCGGAGCGTTAGTAAATCATGTGTTGCCGTATAGCCAGTTGTTTGGTCCGAATGTTGCCGGCACCGCCGAGATCATTAAGCTGGCGATTTCCGAGAGACTCAAGCCGGTTACCTATCTGAGCACCGTCGGTATTGCGGACCAGATTCCGGTTACGCAGTTTGAAGAGGACAGCGATGTGCGCGAGATGAGCGCCCAACGCCAAATCAACGACGGCTACGCAAATGGTTATGGTAACAGCAAGTGGGCAGGTGAGGTTCTGCTACGTGAGGCTCACGATCTGGCGGGTTTGCCTGTACGTGTTTTTCGTTCCGATATGATTCTGGCGCACTCGGAATATCATGGTCAACTGAACGTAACAGACGTTTTCACCCGTACCATTCAGAGCCTGTTGTTGACTGGTGTTGCGCCAGGTTCGTTTTATGAACTCGATGCGGAGGGCAACCGTCAGCGCGCCCACTATGATGGTGTGCCGGGCGATTTCACCGCCGCTAGCATTACCGCGATAGGCGGTGTTAACGTGACAGACGGATATCATTCCTTTGACGTGTTCAACCCGCACCATGATGGCGTTAGCATGGATACCTTCGTGGACTGGCTGATCGAAGCAGGCTACAAAATTGCGCGTATTGACGACTATGGTCAGTGGCTGGCGCGTTTCGAAACCGCACTTAAGGGTTTACCGGAGCAGCAACGTCAACAAAGCGTGCTGCCGTTGCTCAAGATGTATCAAAACCCGCAGAGCGCGATCGACGGCAGCGCTCTACCAACGGCTGAGTTCAGCGGCGCGGTTCGTGAGGCTAAGGTGGGTGGCCTGGGCCAGACCCCGGGTGAGATCCCGCACGTGACGAAAGAACTTATCCTGAAGTATGCGGACGACATCAGCCTGCTTGGCCTGATTTAA 
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