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Table S1. Strains and plasmids used in this study 

Strain or plasmid Relevant characteristics References 

Strains   

Lactobacillus plantarum WCFS1 wild type (1) 

Escherichia coli XL1-Blue subcloning host Transgen 

E. coli DH5α ΔlacZ M15 recA Transgen  

Lactococcus lactis MG1363 subcloning host (2) 

WG1 
Lactobacillus plantarum WCFS1 

ΔnagB 
this study 

WG2 
Lactobacillus plantarum WCFS1 

ΔnagB; P3a:: glmS1 
this study 

WG3 
Lactobacillus plantarum WCFS1 

ΔnagB; P3a:: glmS1G472S 
this study 

Plasmids   

pNZ8148 
source of chloramphenicol-resistance 

gene cat 
lab stock 

pSIP403 

spp-based inducible expression vector; 

256rep and pUC(pGEM)ori; EryR; 

PsppA:: gusA 

(3) 

pSIP411 
spp-based inducible expression vector; 

SH71rep; EryR; PorfX:: gusA 
(3) 

pLP-gba 
pSIP411 derivative, PorfX:: lp_0640-

lp_0641-lp_0642 
(4) 

pLP-cre pSIP411 derivative, PorfX:: cre (4) 

p99S-Cas9 source of Cas9 gene and sgRNA  (5) 

pNnsGM 
pTrc99a, harboring nanA, slr1975, 

GNA1 and mutant glmS gene 
(6) 

pSIP-C9 (nagB) 
pSIP403 derivative, PsppA:: Cas9 , P3a :: 

sgRNA (nagB), CmR 
this study 

pSIP-C9 (lox) 
pSIP403 derivative, PsppA:: Cas9 , P3a :: 

sgRNA (lox), CmR 
this study 

pSIP-C9 (472) 
pSIP403 derivative, PsppA:: Cas9 , P3a :: 

sgRNA (472), EryR 
this study 

p411-RecT pSIP411 derivative, PorfX:: RecT, CmR this study 

p411-RecT-Dam 
pSIP411 derivative, PorfX:: RecT and 

Dam, CmR 
this study 

 

  



Table S2. Oligonucleotides used in this study. 

Primer Sequence(5'-3') 

403-Cas9-f AAGTATGCTTTATAAAATAATATATAGGAGTATGATTCCCcgagct

TTTAGGAGGCAAAAATGGA 

Cas9-3a-r 
CGCAACTATTAAAGTTTATCATCATCAGAACAAGCTGTCAACATC

TTTTTATAACCAGAAATCATCCTTAGCGAAAGCT 

3a-gRNA (nagB)-f 

CTGATGATGATAAACTTTAATAGTTGCGACTAGTACACCCAATTG

ACTTACAAATCTTAGGGATGTTTTAGAGCTAGAAATAGCAAGTTA

AAATAAGGCT 

3a-gRNA(lox)-f 

CTGATGATGATAAACTTTAATAGTTGCGACTAGTTACCGTTCGTAT

AGCATACATTATACGAAGTTTTAGAGCTAGAAATAGCAAGTTAAA

ATAAGGCT 

3a-gRNA(472)-f 

CTGATGATGATAAACTTTAATAGTTGCGACTAGTCTTATTGAATAC

GCCAAACGCCTTTTATATGTTTTAGAGCTAGAAATAGCAAGTTAA

AATAAGGCT 

sgRNA-403-r 
TGGCGCCTTCGAACCCGGGGTACCGATAAAACGAAAGGCCCAG

TCTTTCG 

RecT-f ATGAGTAATGAGCTAGTTACGATGGTTAAT 

RecT-r 
GGGTACCGAATTCCTCGAGTCTAGATTAGCTGGCGTCAAAGTCTC

CG 

p411-f TCTAGACTCGAGGAATTCGGTACCC 

p411-r 
ATTAACCATCGTAACTAGCTCATTACTCATGGCTAAAATCTCCTTG

TAATAGTATTTTATAGAAT 

cm-f 
AACAAATCGTTTAACTTCAGGAGAGATTACATGAACTTTAATAAA

ATTGATTTAGACAATTGGAAGAGAA 

cm-r 
TTTCCAAATTTAAAAAAGCGACTCATAGAATTATAAAAGCCAGTC

ATTAGGCCTATCTGA 

p411-cm-f TTCTATGAGTCGCTTTTTTAAATTTGGAAAGTT 

p411-cm-r GTAATCTCTCCTGAAGTTAAACGATTTGTT 

Dam-f 
CTTTGACGCCAGCTAATCTAGACTCGAGGTAACAGATTCGCAAG

TAAGGAGTTTATATATCTGGCACAAGCAGAAACCG 

Dam-r TGCGTTCTCACTGGATGCTGTTCT 

nagB-cf GTGAACAAATAAATGGTTGGCGTAG 

nagB-cr CCTACCGCTACACCGCAAC 

3a-cf GAGACCCAGTGCCTCCCAAAC 

3a-cr GTGGTAACAAATGCGTCTGCAC 

472-cr AAGGTCGCTGGTATTCGCCA 

472-cf CAACGCTATCGCGCGAAGCAA 

rpob-cf GGATGGAACGGGTTGTGCG 

rpob-cr TTGCTGGACCATCGGCTAA 

cm-cf GGTGGCTACGTATTGACGGAAC 

cm-cr CTCTCCGTCGCTATTGTAACCAG 



cm-cre-cf GAGACCCAGTGCCTCCCAAAC 

cm-cre-cr TTGAAGCCTTCGCCGACCC 

nagB-f AGTGCTTGACCGATGGGAGA 

nagB-r TCTTTTCCGCCGGCAGCTTGATC 

nagB-f2 
AGGATCAAGCTGCCGGCGGAAAAGAGACGAAGCGGCTGCTAGC

AA 

nagB-r2 AACTGAAACCACTGCCACCAA 

3a-f1 GCTGGAAGAAGCCTTGATTG 

3a-r1 CCGCTTTAACCAATTAACAATTGGTC 

3a-f2 
GACCAATTGTTAATTGGTTAAAGCGGTACCGTTCGTATAATGTATG

CTATACGAAGTTATTGATCCCCTTAGAAGCAAACTTAAGAGT 

3a-r2 

ATCATCATCAGAACAAGCTGTCAACATCTTTTTATAATACCGTTCG

TATAGCATACATTATACGAAGTTATGCTCACCAACAACCTATCTTA

ACGAG 

3a-f3 
GTTGACAGCTTGTTCTGATGATGATAAACTTTAATAGTTGCGTGA

GGTTGGTGACAGATATATTGACCACG 

3a-r3 TTCGCCAAGTTTGTTGCCTCT 

lox-r1 
ATCATCATCAGAACAAGCTGTCAACATCTTTTTATAACCGCTTTA

ACCAATTAACAATTGGTC 

lox-f2 
GTTGACAGCTTGTTCTGATGATGATAAACTTTAATAGTTGCGTGA

GGTTGGTGACAGATATATTGACCACG 

g-f 
TAAAATAATATATAGGAGTATGATTCCCATGATACCAGCACAGGC

AGGTTTAAAC 

ssDNA-472-5 
AAGGCCGTTTCTAATGAGACGGCGTAATCCAGTCCCCTTGATATA

TAAAAGGCGTTTGGCGTATTCAATAAGGCACTCT 

ssDNA-472-3 
AAGGCCGTTTCTAATGAGACGGCGTAATCCAGTCCCCGTGAAAT

ATAAAAGGCGTTTGGCGTATTCAATAAGGCACTCT 

ssDNA-rpob-1 
TCAAACCACCAGGTCCTAAGGCTGATAAACGCCGCTTACGCGTT

AATTCACCTAAGGGGTTGGTTTGGTCCATGAATTG 

ssDNA-rpob-2 
TCAAACCACCAGGTCCTAAGGCTGATAAACGCCGCTTCCGCGTT

AATTCACCTAAGGGGTTGGTTTGGTCCATGAATTG 

ssDNA-rpob-3 
TCAAACCACCAGGTCCTAAGGCTGATAAACGCCGCTTCCTCGTT

AATTCACCTAAGGGGTTGGTTTGGTCCATGAATTG 

ssDNA-rpob-4 
TCAAACCACCAGGTCCTAAGGCTGATAAACGCCGCTTCCTAGTT

AATTCACCTAAGGGGTTGGTTTGGTCCATGAATTG 

ssDNA-rpob-5 
TCAAACCACCAGGTCCTAAGGCTGATAAACGCCGCTTCCTGCTT

AATTCACCTAAGGGGTTGGTTTGGTCCATGAATTG 

ssDNA-rpob-3+N 
TCAAACCACCAGGTCCTAAGGCTGATAAACGCCGCTTNCGGCTT

AATTCACCTAAGGGGTTGGTTTGGTCCATGAATTG 

Underlined sequences indicate homology arms for Gibson assembly. Wavy underlined sequences indicate spacers 

for sgRNA. Yellow background sequence indicates RBS. Dark blue background sequences indicate lox site. Red 

coloured words indicate mutant bases. 



Figure S1. The efficiency of the two-step gene insertion. 

 

 (A) The efficiency of the two-step gene insertion was also divided into two parts. The efficiency of the first step 

that insertion of the chloramphenicol resistance gene, loxP sites and the 3a promoter was 82% as shown in the 

Supplementary Figure 1A. We use primers cm-cf/cm-cr to verify this result, the primer cm-cr is located on the 

inserted chloramphenicol gene and there is no band if it is not inserted successfully. (B) The results of removing the 

chloramphenicol label using the loxP / Cre system. We verify this result with primers cm-cre-cf/cm-cre-cr. The 

strains was cultured for 24 hours after transformation of Cre enzyme, all of the nine tested colonies showed the 

mutant genotype and could not grow on chloramphenicol-containing media, the first band is a negative control. (C) 

The second step is CRISPR-assisted seamless genome knockout of loxP sites, 57 colonies were obtained on the plate 

and in 24 tested colonies, 14 were correct mutants identified by colony PCR and sequenced. The positive rate is 

58.3%. Part of the sequencing results are shown in the Supplementary Figure 1C. 

 

  

(A)

(B)

2kb

2kb

1kb

(C)



Figure S2. Partial DNA sequencing results of point mutations G472S. 

 

The ssDNA recombineering result was verified by PCR using primers 472-cf/472-cr. The sequencing results was 

shown above. 

 

  



Figure S3. Mutation efficiency of interval mismatches ssDNA. 

 

(A)The ssDNA with various interval mutant bases marked red were used to change the genome. (B)The efficiency 

of ssDNA recombination resulting in various mismatches. 
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Figure S4. The recombination efficiency of different bases. 

 

(A)The fourth base is a degenerate base, we design single-stranded DNAs named ssDNA-rpob-4A/G/C/T to verify 

the mismatch efficiency of each base at this site. When the fourth base is A, the mismatch efficiency is the highest 

and single colonies can achieve about 800 on rifampicin-resistant plates which is probably twice the other bases. 

(B) We designed an ssDNA named ssDNA-rpoB-3+N (N=A/G/C/T) to calculate the mismatch efficiency of this 

site. After transformation of ssDNA, we got single colonies growing on plates containing rifampicin resistance and 

sequenced the genome of single colonies to calculate the number of bases that appeared in the position of yellow 

bottom N. The mismatch efficiency towards base C is the highest, while base G is the lowest. 
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