	
Experimental procedures
Bacterial strains and culture conditions
The lactococcal strains used in this study are listed in Table 1. L. lactis and L. cremoris strains were grown at 30 °C for 16 hours in M17 supplemented with 0.5 % (v/v) glucose (GM17). Spontaneous rifampicin-resistant mutants of L. lactis strains NCDO700, I11, UC047, F27, UC073 and UL021 were isolated by plating fresh overnight cultures on GM17 agar plates containing 50 μg/ml of rifampicin. Growth media were supplemented with either tetracycline (10 μg/ml, for selection of L. lactis UC11 and strains harbouring pUC11B), streptomycin (500 μg/ml, which selects for L. cremoris MG1614) (Gasson, 1983), chloramphenicol (5 μg/ml, which selects for L. cremoris NZ9000 pJP005) (van Pijkeren and Britton, 2012), erythromycin (5 μg/ml, to select for pPEPi or pNZ44E-containing strains) (O’Driscoll et al., 2004; Draper et al., 2009) or rifampicin (50 μg/ml, for the selection of the rifampicin-resistant mutants). L. cremoris electrocompetent cells were prepared as described previously (Holo and Nes, 1989). 

Plasmids and plasmid constructs 
Plasmids used in this study, as well as their characteristics, are listed in Table 2. Plasmid constructs summarized in Table 2 (pPEPi::trsA-21, pPEPi::F27M, pPEPi::UC073M and pNZ44E::trsR) were generated by conventional recombinant DNA techniques. PCR fragments were obtained using oligonucleotides listed in Table S1 and subsequently digested with the same enzymes as the vector and ligated using T4 DNA ligase. For the construction of plasmid pPEPi, the backbone of pPTPi (excluding the tetK gene) and the erythromycin gene from the pNZ44E plasmid were PCR-amplified using the oligonucleotides listed in Table S1, such that the amplicons possessed overlapping sequences. Using the ClonExpress II One Step Cloning Kit (Vazyme Biotech, China), 0.23 pg of vector and 0.04 pg of insert were recombined following the manufacturer’s instructions: the insert, linearized vector, 5x CE II Buffer and Exnase II enzyme were mixed in a final volume of 20 μl with deionized water, incubated at 37ºC for 30 min and cooled to 4 ºC for 5 min. All constructs were sequenced by Sanger sequencing (Eurofins, Ebersberg, Germany) to verify sequence integrity.

Mating experiments
Conjugation was assessed based on a spread solid mating protocol as previously described (Ortiz Charneco et al., 2021). Overnight cultures of donor and recipient strains were mixed together in a 1:1 volume ratio (representing a 1:1.5 donor/recipient viable cell count ratio), centrifuged at 3,000 x g, resuspended in 200 µl of 5 % reconstituted skim milk (RSM) supplemented with 2 % glucose and evenly spread on 5 % RSM, 2 % glucose agar plates. These agar plates were incubated overnight at 30 ºC, and the cells were later scraped from the plates, resuspended in 4 ml of Ringer’s solution and serially diluted and plated (0.1 ml volumes) onto GM17 agar plates supplemented with the relevant antibiotic. The successful transfer of pUC11B into the recipient cells was validated by PCR using specific oligonucleotides for pUC11B and the recipient cell (Table S1). 
Liquid mating was performed using a previously described approach (Ortiz Charneco et al., 2021). This involved 100 μl of a fresh overnight culture of both donor and recipient strains, which were mixed and inoculated (1:1 volume ratio) into 10 ml GM17 and incubated at 30 ºC. When the OD600nm reached 0.8, the mixture was serially diluted and plated on GM17 agar plates supplemented with the relevant antibiotics selective for either the recipient (streptomycin for the selection of L. cremoris MG1614) or the transconjugant strains (tetracycline of pUC11B selection and streptomycin). 
Conjugation frequencies were calculated as a percentage derived from the number of transconjugants (cfu/ml) per recipient (cfu/ml) cell as previously described (Ortiz Charneco et al., 2021).

Non-selective recombineering in L. cremoris
Following a previously described ssDNA recombineering approach (van Pijkeren and Britton, 2012), oligonucleotides for each of the 22 genes within the presumed pUC11B conjugation cluster were designed (Table S1) such that two in-frame stop codons flanking a RE recognition site (either EcoRI, XbaI, SpeI or DraI) were created upon incorporation. Conjugation between L. lactis UC11 and L. cremoris NZ9000 pJP005 yielded a strain capable of both subsequent conjugation and recombineering (L. cremoris NZ9000 pUC11B pJP005). For all genes, 400 μg of recombineering oligonucleotide and 45 μl of electrocompetent cells harboring pUC11B and pJP005 were electroporated at 2,000 V, 25 μF, and 200 Ω. Bacterial cells were then recovered for 2.5 h at 30 ºC, and later serially diluted and plated on GM17 agar plates containing 10 μg/ml tetracycline (mutant nomenclature trspUC11B::Ter).
Recombinant colonies were screened by mismatch amplification mutation analysis-PCR (MAMA-PCR) of individual colonies (Cha et al., 1992; van Pijkeren and Britton, 2012). Once a recombinant genotype was identified, cells were repeatedly streaked on GM17 agar plates supplemented with tetracycline to isolate a derivative with a pure genotype. Using the pure culture, a 1-kb fragment spanning 500-bp upstream and downstream of the recombinant sequence was amplified by PCR and subsequently sequenced by Sanger sequencing (Eurofins, Ebersberg, Germany) to confirm the incorporation of the mutation. These mutants were later used as donors using the spread solid mating approach to ascertain the effect of each individual mutation on conjugation frequency. 

Complementation and overexpression
Mutant strains exhibiting a significantly (P < 0.05) reduced conjugation ability when compared to the control were genetically complemented to ascertain if the conjugative ability could be restored to WT levels. The wild type copies of the 13 genes that negatively affected conjugation frequency when mutated were individually cloned into the low copy plasmid pPEPi, which was constructed as described above. These genes were cloned into pPEPi under the control of a nisin-inducible promoter (O’Driscoll et al., 2004) and incorporating an artificial Shine-Dalgarno sequence from pNZ8048. All plasmid constructs are listed in Table 2. The addition of 5 ng/ml nisin into the growth media was used to induce expression of intact copies of each WT gene in the relevant L. cremoris NZ9000 pUC11B, pJP005 mutant derivative, and subsequently these strains were used as donors in conjugation with L. cremoris MG1614 (recipient) to ascertain the effect in conjugation frequency. 
In the specific case of gene trsR, a second strategy was applied. Since its inactivation increased conjugation frequency, trsR was cloned under the control of the constitutive P44 promoter in the high copy expression plasmid pNZ44E, an erythromycin-resistant derivative of pNZ44 (Draper et al., 2009). This pNZ44E::trsR construct was transformed into L. cremoris NZ9000 pUC11B pJP005, and the resulting strain was used as a donor for conjugation with the recipient strain L. cremoris MG1614, to determine the effect of TrsR overexpression on conjugation frequency. 

Methyltransferase assay
The MTase-encoding genes of the RM systems of the recipient strains L. lactis F27 and UC073 were cloned into the low-copy, inducible plasmid pPEPi (using the oligonucleotides listed in Table S1) and transformed in both L. cremoris NZ9000 trsARpUC11B::Ter and L. cremoris NZ9000 pUC11B, pJP005. The obtained donor strains, with one of the pPEPi constructs (pPEPi::F27M or pPEPi::UC073M), were then used with the respective recipient strain from which the MTase gene was cloned in a conjugation assay following the spread solid mating protocol. Induction of the cloned MTase was achieved by adding 5 ng/ml nisin to the growth media. To test the activity of the F27-encoded Type II MTase genes, which have the same predicted recognition sequence as the RE ScrFI, plasmids pPEPi and pPEPi::F27M were induced with 5 ng/ml nisin in the growth media prior to extraction. Both plasmids were subsequently treated with the RE ScrFI to ascertain any possible protection effect derived from the cloned MTase and visualized on a 0.7% agarose gel. 

Comparative & functional analysis of the pUC11B conjugation system
Sequence comparisons at protein level of the pMRC01, pAF22, pUC11B, pUC08B, pIBB477a and p001F conjugation clusters were performed via all-against-all, bi-directional BLAST alignments (Altschul et al., 1990). All amino acid and nucleotide sequences from the pUC11B conjugation gene cluster were analyzed using BLAST. Pfam v34.0 (Mistry et al., 2021) was used for the identification and confirmation of the presence of functional domains. The TMHMM v2.0 software was applied for transmembrane helices predictions using the amino acid sequences using the Hidden Markov Model (HMM) (Krogh et al., 2001), whereas HHpred analysis of the amino acid sequences yielded remote protein homology detection and structure prediction by HMM-HMM prediction (Zimmerman et al., 2018).

Isolation of genomic DNA
Genomic DNA from L. lactis NCDO700, I11, UC047, F27, UC073 and UL021 was isolated from the respective bacterial cultures harvested in the exponential growth phase using Nucleobond® AXG columns and the Nucleobond® buffer set III (Macherey-Nagel Gmbh, Düren, Germany). The protocol used was from the “Genomic DNA and RNA purification – User manual” of July 2015, revision 08 (Macherey-Nagel GMbh, Düren, Germany). Specifically, the protocol used was the “Protocol for Nucleobond® AXG Columns and Nucleobond® Buffer Set III” for “Isolation of genomic DNA from bacteria” with the following modifications: for cell disruption, 30 mg/mL of lysozyme was added, and incubation time was set to 16 hours. Incubation at 50 ºC after the addition of Buffer G4 was set to 1 hour, and during the binding step, 8 mL of Buffer N2 was used. In the final precipitation step, the pellet was dissolved in 10 mM Tris Buffer (pH 8) and incubated at 55ºC for 1 hour before the final storage.

Genome sequencing, assembly and annotation
Sequencing was performed using a combined SMRT sequencing and Illumina approach on a Pacific Biosciences RS II sequencing platform (executed by GATC Biotech Ltd., Germany) and an Illumina MiSeq platform (executed by GenProbio s.r.l., Parma, Italy). De novo assemblies were performed on the Pacific Biosciences SMRTPortal analysis platform (version 2.3.1), using the RS_HGAP_Assembly.2 protocol. Hybrid assemblies were completed using the Unicycler hybrid assembly pipeline (Wick et al., 2017), and the remaining low-quality regions and sequencing conflicts were resolved by primer walking and Sanger sequencing of PCR products (performed by Eurofins MWG Operon, Germany). Open Reading Frame (ORF) prediction was conducted with Prodigal v2.5 prediction software (Hyatt et al., 2010) and further verified using BLASTX v2.2.26 alignments (Altschul et al., 1990). ORFs were automatically annotated using BLASTP v2.2.26 (Altschul et al., 1990) analysis against the non-redundant protein databases curated by the National Centre for Biotechnology Information (NCBI). Additionally, ORFs encoding putative MTases and REs were further identified in a similar manner against the non-redundant protein databases curated by the NCBI and REBASE (Roberts et al., 2015). The Artemis v18.1 genome browser and annotation tool (Carver et al., 2012) was used to manually curate ORFs and for the combination and inspection of ORF results. Final ORF annotations were further refined where necessary using alternative databases: Pfam v34.0 (Mistry et al., 2021), HHpred (Zimmerman et al., 2018) and Uniprot/EMBL. 
Although the sequence of plasmid pUC11B had been previously annotated (Kelleher et al., 2019), a number of stop codons were observed in the gene downstream orf36. To ascertain if the sequence was correct or if the sequence was erroneous, primers were designed (Table S1) to amplify this region of the plasmid. The amplicons were sequenced by Sanger sequencing (Eurofins, Ebersberg, Germany), and the corrected sequence was deposited in the Genbank database.

Base modification analysis
DNA base modifications were identified using SMRT sequencing, applying the RS_Modification_and_Motif_Analysis.1 protocol and the completed genome assemblies as reference files. Identified methylation motifs were refined based on three criteria: (i) a mean modification QV cut-off value of 40 %, analogous to a P-value of <0.0005; (ii) motifs of unknown type were removed; (iii) motifs methylated at less than 50 % of possible positions were removed. 

Statistical data analysis
Data presented are means ± standard deviation (SD) of triplicate assays. Results were analysed using the SigmaPlot 11.0 statistical package (SPSS), from Systat Software, Inc., San Jose California USA. One-way analysis of variance ANOVA was performed to compare frequency of conjugation and MU. A value of P < 0.05 was considered significant and is depicted in the graphs with a single asterisk “*”, whereas a value of P of ≤ 0.001 was considered very significant and is depicted by two asterisks “**”.

Genbank accession numbers
The sequence data have been submitted to the NCBI Genbank repository under accession numbers CP068511 (L. cremoris F27 chromosome), CP068512 (pF27A), CP068513 (pF27B), CP068514 (pF27C), CP068515 (pF27D), CP068516 (pF27E), CP068517 (pF27F), CP068518 (pF27G), CP068698 (L. lactis UC073 chromosome), CP068699 (pUC073A), CP068700 (pUC073B), CP068701 (pUC073C), CP068702 (pUC073D), CP068703 (pUC073E), CP068704 (pUC073F), CP068705 (pUC073G), CP068658 (L. cremoris UC047 chromosome), CP068659 (pUC047A), CP068660 (pUC047B), CP068661 (pUC047C), CP068662 (pUC047D), CP068663 (pUC047E), CP068664 (pUC047F), CP068665 (pUC047G), CP069179 (L. cremoris NCDO700 chromosome), CP069180 (pNCDO700A), CP069181 (pNCDO700B), CP069182 (pNCDO700C), CP069183 (pNCDO700E), CP069184 (pNCDO700F), CP069185 (pNCDO700G), CP069223 (L. lactis I11 chromosome), CP069224 (pI11A), CP069225 (pI11B), CP069226 (pI11C), CP069227 (pI11D), CP069228 (pI11E), CP069229 (pI11F), CP070263 (L. lactis UL021 chromosome), CP070264 (pUL021A), CP070265 (pUL021B), CP070266 (pUL021C), CP070267 (pUL021D) and CP016721.2 (pUC11B).
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