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Figure S1. Predicted folding patterns (fold back structure) of APE according to the RNA secondary structure prediction website (http://rna.tbi.univie. ac.at//cgi-bin/ RNAWebSuite/RNAfold.cgi).
[image: image2.jpg]A

(a) ™ CYR1

Genotyping primers APE
= CY-2F1 } YPHI b

1
-

* ()
MsDFID gdt in vector CY7869-6 -_

S CY-2F1+CYR

Target region and its flanking sequence Genotyping PCR product

In E. coli gene dctA

(b) '
APE
= CYR1 }Genot INg primers
= CY-2F1 YPIg P ‘
7 6 5 4 3 2 1
-
. 0000000
MsDFID gdt in vector CY7869-5 .-
' S CY-2F 1+CYR1
Target region and its flanking sequence /—\ Genotyping PCR product
in E. coli gene dctA (Target region)
(a) = YR }Genot ing primers AT
= CY3R1 PSP . A
765 4321
| 2 {00000
MsDFID gdt in donor vector CY7869-9 _----—
Epep—p—— CYF24CYR
Target region and its flanking sequence /- - Genotyping PCR product
in E. coli gene dctA G\(?(L Clan {larget region;
7
(b)
CYF2 CY3R1
r| “
‘ ||l| |,’,] |||| M JM |I ' { ||| IH 'II'\ {l ‘l ,|"' lll',|||| |\|||(|||l }l | ’ﬂl| |“| ||, ll -
| i i y /1) I||I I|,|H| Ili I llll' ||||I | ' Ifllll |‘ l||||| ll!
Partial chromatogram of flanking — ssssssssssss (1001 (A VYT L Y UTEATE A T
PCR product (middle part) Sequence replacement
C
= CYF2 '
} Genotyping primers APE
= CY21F2
R 1
7 6 5 4 3 2 . .
MsDFID gdt in donor vector CY7869-21 o T I I—Type
| Sequence replacement '
- | 4 3 2 1
A -
Target region and its flanking sequence /—(F—-\ N 4o 0
- Ul ™ m—— N T)Dc 2
In E. coli gene dctA

U

Genotyping PCR product
(Target region)

D

mp CY25F2

APE
= CY25R3

} Genotyping primers

MsDFID gdRNA

/7 6 5 4 3 2

MsDFID gdt in donor vector CY7869-25  mmmmm O_ [ ———

7 6 5 4 3 2 1

/—_ Q_I Type 1

Sequence replacement x -

-

Target region and its flanking sequencem—\ ;—)—U-OI Type 3

In E. coli gene fadD Genotyping PCR product

(Target region)




Fig. S2. Sequence replacement in E. coli gene dctA and fadD by a series of APE-containing donor vectors. (A) Schematic diagram of donor vectors and agarose gel electrophoresis of genotyping PCR product amplified with genomic DNA of donor vector-transformed E. coli as template. (a) and (b) Vector CY7869-5 carries MsDFID gdt (solid boxes) (a), meanwhile, the donor template in vector CY7869-6 contains only one donor site with DNA fragment insertion. (b) MsDFID gdts in both of the two vectors target the same region in dctA gene. The used genotyping PCR primers CY-2F1 and CYR1 were specific for genomic sequence of dctA gene and the insertional DNA fragment in donor site 1 in donor template in both vectors, respectively (a) and (b). No expected PCR product was obtained using the genomic DNA of CY7869-6-transformed E. coli as template (b). (B) Schematic diagram of sequence replacement by donor vector CY7869-9. (a) (Left) Schematic description of sgdRNA in vector CY7869-9. (Right) Agarose gel electrophoresis of genotyping PCR (flanking PCR) product amplified with genomic DNA of CY7869-9-transformed E. coli as template. (b) Sequencing chromatogram of flanking PCR product to genotype the target region amplified with flanking primer set of CYF2 and CY3R1, and genomic DNA of CY7869-9-transformated E. coli as template. Both genotyping primers CYF2 and CY3R1 are specific for the flanking sequence of target region in dctA gene as shown in (a). The knock-in site of desired DNA fragment from donor site 1 (as shown in (a)) into genomic sequence of dctA gene was noted in red arrowhead. (C) A schematic summary of precise sequence replacement in target region of gene dctA by donor vector CY7869-21. Left, Schematic description of MsDFID gdt in vector CY7869-21. Right, Two types of flanking PCR amplicons correspond to two independent DNA sequence replacement events in target region. (D) Schematic overview of sequence replacement in target gene fadD. The used donor vector is CY7869-25. Genotyping PCR products defined 3 independent sequence replacement events in target regions.
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Fig. S3. APE-mediated double sequence replacement in two target genes dctA and aroA by one fused gdt harboring two MsDFID donor templates. Genotyping PCR products defined 2 independent sequence replacement events in the respective target genes.
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Fig. S4. Confirmation of sequence replacement effects in single clones of pRiceSLthyA-3-transformed E. coli Top 10. Shown is the sequencing chromatogram of genotyping PCR product amplified using the genome DNA as template of positive single clones transformed by pRiceSLthyA-3. The blue and red arrows denote insertion and deletion sites, respectively. Accordingly, the blue and red underline denote inserted and deleted DNA fragment, respectively. M1-M3, positive transformants (single clones) with different sequence replacement events.
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Fig. S5. Knockout of genes cas3, and gene clusters cas8 (cse1) and cas11 (cse2), cas11 (cse2), cas7 and cas5 (cas5e), cas5 (cas5e) and cas6e of E. coli strain TOP10. (A)-(D) A schematic illustration of truncating gene cas3 (A, top panel), cas8 and cas11 (B, top panel), cas8 and cas11 (C, top panel), and cas6 and cas5 (D, top panel), and confirmation of knockout of cas3 (A, bottom panel), cas8 and cas11 (B, bottom panel), cas8 and cas11 (C, bottom panel), and cas6 and cas5 (D, bottom panel) in E. coli strain TOP10.  
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Fig. S6. Analysis of CRISPR-Cas3 system in E. coli strains BL21 and BL21(DE3). The cas3 sequence-specific primer set, C579PFL080-6JJF1+ C579PFL080-6JJR1, was used for genotyping PCR with the genomic DNA of BL21 and BL21(DE3) as template, to confirm whether or not cas3 gene (CRISPR-Cas3 system) exists in the two strains. The genomic DNA of TOP10 strain was used as positive control. “-” was negative control.

Tables S1 to S4
Table S1 Used E. coli strains in this study
	Name
	Genotype

	TOP10


	F-, mcrAΔ(mrr-hsdRMS-mcrBC), φ80lacZ, ΔM15ΔlacX74, recA1, araΔ139Δ (ara-leu) 7697, galU, galK, rpsL(Starr), endA1, nupG

	T1(Trans1)
	F-, φ80(lacZ), ΔM15Δ, lacX74, hsdR(rk-, mk+)Δ, recA1, 398endA, tonA

	BL21
	F-, ompT, hsdSB (rB- mB-), gal, dcm

	BL21(DE3)
	F-, lon-11, Δ(ompT-nfrA)885, Δ(galM-ybhJ)884, DE3[lacIlacUV5-T7gene1ind1, sam7, nin5], Δ46[mal+] , K-12(λS), hsdS10


Table S2 Sequence information regarding vector F7869/F7869M

	Names
	Sequence (5’-3’)

	Target region in the  aroA gene of E. coli strain TOP10
	GCGTccgctggcggcagcTctttgTctgggtagcaatgatattgtGctgaccggtgaGccgcgTatgaaagaacgcccgattggtcatctggtggatgcgctgcgccTgggcggggcgaagatcacttacctggaacaagaaaattatccgccGttgcgtttacagggcggctttactggcggcaacgttgaCgttgatggctccgtttccagccaAttcctcaccgcactgttaatgactgcgcctcttgcgccggaagatacggtgattcgtattaaaggcgatctggtttctaaaccttatatcgatatcaccctcaatctgatgaagacgtttggtgttgaaattgaaaatcagcactatcaacaatttgtcgtaaaaggCgggcagtcttaTcagtctccgggTactta

	Donor site 1 (insertional fragment)
	ATGGTGAGC

	Donor site 2 (insertional fragment)
	TGAAGTTCATCTGCA

	Donor site 3 (insertional fragment)
	TGAAGCAGCACGACTTCTTCA

	Donor site 4 (insertional fragment)
	ACCATCTTCTTCAAGGACGACGGCAACTAC

	Donor site 5 (insertional fragment)
	TATACAAGCTGGAGTACAACTACAACAGCCACAACGTCTA

	Donor site 6 
(deleted  fragment)
	CAACAATTTGTC


Note: In the target region sequence, the 1-5 donor sites with their respective insertional fragments are green-highlighted, and the deleted fragment (12 base) in donor site 6 is red-highlighted, in vector F7869/F7869M.
Table S3 Summary of donor site-harboring reads in the high-through genome sequencing data of F7869-transformed E. coli strain 
	Read type
	Number of all reads1
	Reads harboring donor site and homologous arms2
	Reads defining sequence replacement in the indicated target sites3
	Reads with off-target donor site sequence

	Donor site 1-only -harboring
	8
	0
	8
	0

	Donor site 1, 2 -harboring
	322

	322
	0
	0

	Donor site 2-only- harboring
	3
	  0
	3
	0

	Donor site 1, 2, 3- harboring
	32
	 32
	0
	0

	Donor site 2, 3- harboring
	278
	  278
	0
	0

	Donor site 3-only -harboring
	2
	0
	2
	0

	Donor site 2, 3, 4- harboring
	22
	22
	0
	0

	Donor site 3, 4- harboring
	130


	130
	0
	0

	Donor site-only 4-harboring
	1
	 0
	1
	0

	Donor site 3,4,5- harboring 
	72
	  72
	0
	0

	Donor site 5-only- -harboring
	0
	0
	0
	0

	Donor site 4, 5, 6- harboring
	98
	98
	0
	0

	Donor site 5, 6- harboring
	268
	268
	0
	0

	Donor site-only 6-harboring
	0
	0
	0
	0


Note: 

1. The length of each read is about 150 bp. 

2. The reads harbored donor site and homologous arms (namely, donor template sequence) only, but without any external genome-specific sequence. 
3. The reads contained donor site (s), homologous arms and external genome-specific sequence, and thus were distinguished from the reads2. So, only this kind of reads defined sequence replacement.  

Table S4 Primers used in this study
	Names
	Primer sequence (5’-3’)

	Primers used for genotyping target region

	FF2
	GTACCCGGAGACTGATAAGACT

	FR4
	AATTTCCCCAAAGCGTCCGC

	FR3
	CGGTGAGCCGCGTATGGTGAGCA

	CYF2
	tgaagatactgaaaccagtcgc

	CY3R1
	gcagtcgcactgctttactttg

	CY-2F1
	CTTCTTCAAGGACGACGGCAACTAC

	CYR1
	aatcagcagttcttcacggatgtagcgg

	CY-25R3
	gtctCAAGCTGACCCTGAAGTTCA

	CY-25F2
	gacgacatcttcaatctcgttg

	F7869F4
	TGCGACCATCTTCTTCAAGGAC

	F7869R4
	atactgttacgtccaataccggtc

	CY7869f3
	CATCAAGGTGAACTTCAAGATCC

	CY7869R1
	cgaacgcaccaataggtgccaga

	thyA3outF
	ATGAAACAGTATTTAGAACTGATGCAA

	thyA3outR
	ACCAATAACGCGTAGCTGGCAAT

	Primers used for identifying knock-out of E. coli Cas proteins 

	C579PFL080-6JJF1
	TTCAGCGTGGCGTATTTAAAGTGCT

	C579PFL080-6JJR1
	ATGCGATGTCGAAATTCAACGTCATCT

	C3112GC160-6JJF
	GAAATGGATGAGCCAGAAT

	C3112GC160-6JJR
	CCGCTGGTTGCCATTCTTC

	C400JGE100-1JJF1
	AAGGGTTTAAAAATAAAGAC

	C400JGE100-1JJR1
	CATACCTCCTTTAATCACA

	C142VGC150-6JJF1
	GATGGCTTTTTGCAACCGTCTATACA

	C142VGC150-6JJR1
	ATTTCAGCTACTCCGATGGCCT

	Primers used for semi-quantification RT-PCR

	FM(F7869)-F2
	TGCAAAGTACTGAGAGATCCCC

	FM(F7869)-R1
	GTCCCTGAAGTAGTTGATCTGG

	16SrSemi-RTF1(E. coli)
	GTGAAATGCGTAGAGATCTGGAGG

	16SrSemi-RTR1(E. coli)
	CGAGCTGACGACAGCCATGC
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