Supporting information
Table S1. Bacteria, phages, and plasmids used in this study.
	Bacterial Strains
	Description/purpose
	Source

	L. cremoris
	
	

	3107
	Host strain for the P335 phages TP901-1 and LC3
	(1)

	E119
	Phage TP901-1-resistant derivative of 3107
	(2)

	E121
	Phage TP901-1-resistant derivative of 3107
	(2)

	E126
	Phage TP901-1-resistant derivative of 3107
	(2)

	NZ9000
	MG1363 derivative in which the nisRK genes have been inserted in the chromosome
	(3)

	NZ9000_TP901-erm

	NZ9000 harbouring TP901-1 containing an erythromycin (Em) marker induced from L. cremoris 901-1
	(4)

	L. lactis IL1403
	Source of yieHIL1403 which bears 84 % identity to csdG3107
	(5)

	E. coli EC101
	Cloning host
	(6)

	Bacteriophages
	
	

	TP901-1erm
	Temperate P335 group phage infecting 3107, contains Emr marker
	(4)

	TP901-1
	Temperate P335 group phage induced from L. cremoris 901-1
	(1)

	LC3
	Temperate P335 group phage propagated on L. cremoris 3107
	(7)

	
Plasmids
	
	

	pNZ44
	E. coli–L. lactis shuttle vector containing P44 promoter; Cmr
	(8)

	pNZcsdG3107
	E119 and E126 complementing plasmid; pNZ44 vector harbouring L3107_1442 from L. cremoris 3107
	This work

	PNZyieHIL1403
	pNZ44 vector harbouring yieHIL1403 from L. lactis IL1403
	This work

	pNZcsdC3107
	E121 complementing plasmid; pNZ44 vector harbouring csdC3107 from L. cremoris 3107
	This work

	pNZcsdHNZ9000
	pNZ44 vector harbouring LLNZ_00570 from L. cremoris NZ9000
	This work

	pNZcsdCNZ9000
	pNZ44 vector harbouring csdCNZ9000 (LLNZ_03080) from L. cremoris NZ9000
	This work

	pNZcsdDNZ9000
	pNZ44 vector harbouring csdDNZ9000 (LLNZ_03075) from L. cremoris NZ9000
	This work

	pNZcsdANZ9000
	pNZ44 vector harbouring csdANZ9000 (LLNZ_00690) from L. cremoris NZ9000
	(9)

	pNZcsdBNZ9000
	pNZ44 vector harbouring csdBNZ9000 (LLNZ_00695) from L. cremoris NZ9000
	(9)

	pNZcsdENZ9000
	pNZ44 vector harbouring csdENZ9000 (LLNZ_07820) from L. cremoris NZ9000
	(9)

	pNZcsdFNZ9000
	pNZ44 vector harbouring csdFNZ9000 (LLNZ_07825) from L. cremoris NZ9000
	(9)




Table S2: Primers used in this study; introduced restriction sites are underlined.
	


	Sequence (5’ – 3’)
	Target/purpose

	pNZ44 F
	CTAATGTCACTAACCTGCCCCG
	P44 lactococcal promoter and multiple cloning site (MCS) of pNZ44

	pNZ44 R
	GCTTTATCAACTGCTGCT
	

	csdG F
	AGCAGCCTGCAGAGGAGGCACTCACTTGTATCTTTGGTATAATAG
	L. lactis 3107 csdG3107 gene
(2,676 bp)

	csdG R
	AGCAGCGGTACCTTAGCTTTCATTTTGCTGAC
	

	csdC3107 F
	GGTTTAGGAATTTCCCATGGTTTAAATAGAT
	L. cremoris 3107 csdG3107 gene 
(939 bp)

	csdC3107 R
	CAAATTGCTGACACCCAAGCTTAAAAAGAG
	

	yieH F
	AGCAGCCTGCAGAGGAGGCACTCACTTGTATCTTTGGTATAATAG
	L. lactis IL1403 yieHIL1403 gene (2,676 bp)

	yieH R
	AGCAGCTCTAGATTAGCTTTCATTTT
	

	csdH F
	AAAAAACCATGGATTAAGGAAAAAAATGGAAGAATTAG
	L. cremoris NZ9000 csdHNZ9000 gene 
(936 bp)

	csdH R
	AAAAAACTGCAGTTAGTCAAGCTCTTTTATATTAGAT
	

	csdCNZ9000 F
	GATAGACTTTCTGCCATGGTAACTACACA
	L. cremoris NZ9000 csdCNZ9000 gene
(939 bp)

	csdCNZ9000 R
	TTATAACAAGCTTTCAGTTCGACTTTATATTGC
	

	CsdD F
	AAAAAACCATGGTATAAAAAATGAGGAGTTG
	L. cremoris NZ9000 csdDNZ9000 gene (1,608 bp)

	CsdD R
	GAGGTAGTTCAATAAAGCTTTTATTTACTTCGT
	

	0192 F
	CAATATGGCCTTGTTGCTGA
	L. cremoris 3107 L3107_0192 gene. Internal control of qPCR

	0192 R
	CCCATTCAATCGCAATTTTT
	

	ssb F
	AAACACAAGGTCAGCAAGCAAG
	TP901-1 ssb gene. qPCR target

	ssb R
	CCTCCAGCAAATGGATCAGCAG
	

	rep F
	GCGCAAAACTGACCCAGAAAC
	TP901-1 rep gene. qPCR target

	rep R
	CCCACATCTGGAAAAGCCAC
	



Table S3: Confirmed SNPs with proposed (or confirmed) involvement in TP901-1 phage insensitivity in L. cremoris 3107 mutants E119, E121 and E126.
	Mutant
	SNP coordinates 
	Base modification
	Location 
(ORF)
	Predicted function of product (BLASTP) 

	E126
	40809
	C to A
	Intergenic
	n/a

	E119
	47852
	G to A
	L3107_0031
	Acetoin dehydrogenase complex E1 component alpha subunit 2

	E119
	78801
	G to A
	
L3107_0070
	ATPase component of ABC transporter
with duplicated ATPase domains

	E121
	112463
	G to A
	L3107_0104
	argininosuccinate synthase

	E119
	117593
	C to T
	L3107_0109
	Preprotein translocase subunit YidC

	E119
	139073
	A to T
	Intergenic
	n/a

	E121
	181584
	T to A
	L3107_0174
	Hypothetical protein

	E119
	270693
	G to A
	L3107_0263
	Hypothetical protein

	E119
	291322
	G to A
	L3107_0286
	Hypothetical protein

	E119 
	317385 
	C to T 
	Intergenic 
	n/a 

	E119 
	393093 
	C to T 
	L3107_0378 
	C4-dicarboxylate transporter / malic acid transporter 

	E119 
	475194 
	G to A 
	L3107_0457 
	hypothetical protein 

	E119 
	480099 
	C to T 
	L3107_0464 
	Predicted Rossmann fold nucleotide-binding protein 

	E119 
	480967 
	G to A 
	Intergenic 
	n/a 

	E126 
	484073 
	G to A 
	L3107_0468 
	DNA polymerase III catalytic subunit DnaE type 

	E119 
	527927 
	C to T 
	L3107_0505 
	ATP-binding subunit of Clp protease and DnaK / DnaJ chaperones 

	E119 
	593696 
	G to A 
	Intergenic 
	n/a 

	E119 
	636929 
	C to T 
	L3107_0616 
	Branched-chain amino acid permease 

	E119 
	649840 
	C to T 
	L3107_0630 
	Glycogen synthase (ADP-glucose) 

	E119 
	652014 
	G to A 
	L3107_0631 
	Glucan phosphorylase 

	E126 
	741347 
	C to T 
	L3107_0715 
	3-oxoacyl-[acyl-carrier-protein] synthase III 

	E121 
	869757 
	C to T 
	L3107_0866 
	Hypothetical protein 

	E119 
	884291 
	T to C 
	L3107_0885 
	Hypothetical protein 

	E119 / E126 
	962789 
	C to T 
	Intergenic 
	n/a 

	E121 
	973425 
	C to T 
	L3107_0976 
	Multidrug resistance protein B MF superfamily 

	E121 
	993617 
	A to T 
	Intergenic 
	Phosphopentomutase 

	E119 / E126 
	1132674 
	T to C 
	L3107_1143 
	Alpha-acetolactate decarboxylase 

	E119 / E126
	1133202 
	T to G 
	Intergenic 
	n/a 

	E126 
	1158710 
	G to T 
	L3107_1163 
	DNA-3-methyladenine glycosylase I 

	E126 
	1169995 
	C to T 
	L3107_1173 
	FAD synthase 

	E121 
	1193427 
	C to T 
	L3107_1195 
	Xanthine phosphoribosyltransferase 

	E119 
	1203781 
	G to A 
	L3107_1208 
	Deoxynucleoside kinase 

	E119 
	1262123 
	C to T 
	L3107_1265 
	3-isopropylmalate dehydrogenase 

	E126 
	1272700 
	G to A 
	L3107_1276 
	Threonine dehydratase 

	E126 
	1310588 
	A to T 
	Intergenic 
	n/a 

	E121 
	1311194 
	G to A 
	L3107_1311 
	Hypothetical protein 

	E121 
	1392004 
	C to T 
	L3107_1382 
	N-acetylglucosamine 6-phosphate deacetylase 

	E119 
	1425572 
	G to A 
	L3107_1417 
	hypothetical protein 

	E126
	1452747
	C to T
	L3107_1442*
	Glycosyltransferase

	E119
	1453653
	C to T
	
	

	E126 
	1559076 
	G to T 
	L3107_1546 
	Surface antigen 

	E119 
	1680258 
	G to A 
	L3107_1670 
	Phosphotransferase system mannose/fructose-specific component IIA 

	E119 
	1703015 
	A to T 
	L3107_1694 
	Predicted O-methyltransferase 

	E119 
	1734506 
	C to T 
	L3107_1726 
	3-dehydroquinate synthase 

	E119 
	1735828 
	C to T 
	L3107_1727 
	Shikimate dehydrogenase 

	E119 
	1777955 
	G to A 
	L3107_1773 
	Polar amino acid ABC transporter permease protein 

	E126 
	1785474 
	C to A 
	L3107_1776 
	DNA-directed RNA polymerase subunit beta 

	E126 
	1789091 
	G to A 
	L3107_1779 
	Oligoendopeptidase O 

	E121 
	1833247 
	G to A 
	L3107_1821 
	ABC-type dipeptide/oligopeptide/nickel transport system ATPase component 

	E121
	1885009
	A (insertion)
	L3107_1875*
	Glycosyltransferase

	E119 / E126
	1900069 
	T to C 
	L3107_1891 
	DNA polymerase IV 

	E119 / E126
	1900084 
	A to G 
	L3107_1891 
	DNA polymerase IV 

	E119 / E126
	1900726 
	A to T 
	L3107_1891 
	DNA polymerase IV 

	E119 
	1946818 
	C to T 
	L3107_1940 
	Hypothetical protein 

	E119 
	1957802 
	C to T 
	L3107_1955 
	Head-tail joining protein 

	E126 
	1996872 
	G to A 
	L3107_1994 
	Predicted membrane protein 

	E119 
	2017636 
	C to T 
	L3107_2014 
	Phenylalanyl-tRNA synthetase beta subunit 

	E121 
	2073132 
	C to T 
	L3107_2071 
	Phage DNA polymerase (ATPase domain) 

	E119 / E126 
	2081538 
	T to C 
	L3107_2086 
	Hypothetical protein 

	E126 
	2176455 
	G to A 
	L3107_2192 
	30S ribosomal protein S5 

	E121 
	2197193 
	G to A 
	Intergenic 
	Ribosomal large subunit pseudourine synthase 

	E121 
	2205536 
	C to A 
	L3107_2235 
	Competence protein ComGB 

	E121 
	2228548 
	A to G 
	L3107_2253 
	DNA polymerase I 

	E121 
	2274649 
	C to T 
	L3107_2293 
	Recombination regulator RecX 

	E126 
	2325916 
	C to T 
	L3107_2342 
	Activator of 2-hydroxyglutaryl-CoA dehydratase and two uncharacterized domains 

	E121 
	2340790 
	G to A 
	Intergenic 
	ATP-dependent DNA helicase RecG 



*L3107_1442 gene (named csdG3107 in this study) complemented the E119 and E126 mutants; and L3107_1875 (csdC3107) complemented the E121 mutant.

Table S4: Constructed plasmids and the receptor strain. 
	Plasmids
	Description
	Receptor strain

	pNZ_0104
	pNZ44 vector harbouring L3107_0104 from L. cremoris 3107
	E121

	pNZ_0109
	pNZ44 vector harbouring L3107_0109 from L. cremoris 3107
	E119

	pNZ_0174
	pNZ44 vector harbouring L3107_0174 from L. cremoris 3107
	E121

	pNZ_0263
	pNZ44 vector harbouring L3107_0263 from L. cremoris 3107
	E119

	pNZ_0286
	pNZ44 vector harbouring L3107_0286 from L. cremoris 3107
	E119

	pNZ_0378
	pNZ44 vector harbouring L3107_0378 from L. cremoris 3107
	E119

	pNZ_0457
	pNZ44 vector harbouring L3107_0457 from L. cremoris 3107
	E119

	pNZ_0464
	pNZ44 vector harbouring L3107_0464 from L. cremoris 3107
	E119

	pNZ_0630
	pNZ44 vector harbouring L3107_0630 from L. cremoris 3107
	E119

	pNZ_0715
	pNZ44 vector harbouring L3107_0715 from L. cremoris 3107
	E126

	pNZ_0866
	pNZ44 vector harbouring L3107_0866 from L. cremoris 3107
	E121

	pNZ_0885
	pNZ44 vector harbouring L3107_0885 from L. cremoris 3107
	E119

	pNZ_i1001
	pNZ44 vector harbouring the intergenic region upstream L3107_1001 from L. cremoris 3107
	E121

	pNZ_0976
	pNZ44 vector harbouring L3107_0976 from L. cremoris 3107
	E121

	pNZ_1163
	pNZ44 vector harbouring L3107_1163 from L. cremoris 3107
	E126

	pNZ_1195
	pNZ44 vector harbouring L3107_1195 from L. cremoris 3107
	E121

	pNZ_1208
	pNZ44 vector harbouring L3107_1208 from L. cremoris 3107
	E119

	pNZ_1311
	pNZ44 vector harbouring L3107_1311 from L. cremoris 3107
	E121

	pNZ_1382
	pNZ44 vector harbouring L3107_1382 from L. cremoris 3107
	E121

	pNZ_1727
	pNZ44 vector harbouring L3107_1727 from L. cremoris 3107
	E119

	pNZ_1773
	pNZ44 vector harbouring L3107_1773 from L. cremoris 3107
	E119

	pNZ_1821
	pNZ44 vector harbouring L3107_1821 from L. cremoris 3107
	E121

	pNZ_1940
	pNZ44 vector harbouring L3107_1940 from L. cremoris 3107
	E119

	pNZ_1994
	pNZ44 vector harbouring L3107_1994 from L. cremoris 3107
	E126

	pNZ_2071
	pNZ44 vector harbouring L3107_2071 from L. cremoris 3107
	E121

	[bookmark: _Hlk112669469]pNZ_2086
	pNZ44 vector harbouring L3107_2086 from L. cremoris 3107
	E119/
E126

	pNZ_i2223
	pNZ44 vector harbouring the intergenic region upstream L3107_2223 from L. cremoris 3107
	E121

	pNZ_2235
	pNZ44 vector harbouring L3107_2235 from L. cremoris 3107
	E121

	pNZ_2253
	pNZ44 vector harbouring L3107_2253 from L. cremoris 3107
	E121

	pNZ_2293
	pNZ44 vector harbouring L3107_2293 from L. cremoris 3107
	E121

	pNZ_i2352
	pNZ44 vector harbouring the intergenic region upstream L3107_2352 from L. cremoris 3107
	E121





Table S5: Restoration of phage sensitivity phenotype of L. cremoris 3107 mutants determined by lysogenization frequency
	L. cremoris strain
	TP901-1erm Lysogenization
Frequency

	3107
	5.53 x 10-3 ± 4.10 x 10-4

	3107_pNZ44
	4.37 x 10-3 ± 3.29 x 10-4

	3107_pNZcsdG3107
	4.44 x 10-3 ± 2.12 x 10-4

	3107_pNZcsdC3107
	2.78 x 10-3 ± 1.20 x 10-3

	E119
	5.54 x 10-6 ± 2.93 x 10-7

	E119_pNZ44
	5.23 x 10-6 ± 2.52 x 10-7

	E119_pNZcsdG3107
	3.03 x 10-4 ± 4.93 x 10-6

	E119_pNZcsdG3107 cured
	3.00 x 10-6 ± 5.00 x 10-7

	E126
	5.39 x 10-6 ± 2.11 x 10-7

	E126_pNZ44
	4.40 x 10-6 ± 4.00 x 10-7

	E126_pNZcsdG3107
	4.17 x 10-4 ± 3.58 x 10-4

	E126_pNZcsdG3107 cured
	4.93 x 10-6 ± 3.06 x 10-7

	E121
	5.98 x 10-6 ± 7.67 x 10-6

	E121_pNZ44
	3.50 x 10-6 ± 1.84 x 10-6

	E121_pNZcsdC3107
	1.57 x 10-3 ± 3.97 x 10-4

	E121_pNZcsdC3107 cured
	5.58 x 10-6 ± 8.54 x 10-7




Table S6:  2-ΔCt mean ± standard deviation obtained by qPCR. Statistically significant differences are indicated. 
	Strain
	ssb
	rep

	
	2-ΔCt
Mean ± s.d.
	t-test vs 3107
	t-test vs comple-mented    strain
	2-ΔCt
Mean ± s.d.
	t-test vs 3107
	t-test vs  comple-mented strain

	3107¤
	7.1 x 10-3 ± 1.7 x 10-3
	
	
	7.1 x 10-3 ± 2.0 x 10-3
	
	

	3107_pNZ44
	6.1 x 10-3 ± 2.1 x 10-3
	NS
	
	5.2 x 10-3 ± 2.9 x 10-4
	NS
	

	3107¤
	8.5 x 10-3 ± 2.3 x 10-4
	
	
	1.1 x 10-2 ± 3.6 x 10-3
	
	

	E119
	2.6 x 10-4 ± 3.9 x 10-5
	**
	*
	2.6 x 10-4 ± 6.0 x 10-5
	**
	*

	E119_pNZ44
	3.5 x 10-4 ± 6.3 x 10-5
	**
	*
	3.5 x 10-4 ± 1.7 x 10-5
	**
	*

	E119_pNZcsdG3107
	1.1 x 10-3 ± 4.3 x 10-4
	**
	
	1.2 x 10-3 ± 4.8 x 10-4
	**
	

	3107¤
	8.1 x 10-3 ± 1.2 x 10-3
	
	
	8.6 x 10-3 ± 2.0 x 10-3
	
	

	E121
	3.9 x 10-4 ± 1.1 x 10-4
	***
	*
	3.8 x 10-4 ± 1.3 x 10-4
	***
	*

	E121_pNZ44
	2.0 x 10-4 ± 6.7 x 10-5
	***
	**
	2.5 x 10-4 ± 1.5 x 10-4
	***
	*

	E121_pNZcsdC3107
	2.3 x 10-3 ± 8.7 x 10-4 
	***
	
	2.6 x 10-3 ± 1.0 x 10-3
	**
	

	3107¤
	8.1 x 10-3 ± 1.0 x 10-3
	
	
	8.9 x 10-3 ± 2.4 x 10-3
	
	

	E126
	2.6 x 10-4 ± 4.7 x 10-5
	***
	***
	3.1 x 10-4 ± 1.1 x 10-4
	**
	**

	E126_pNZ44
	2.9 x 10-4 ± 6.1 x 10-5
	***
	***
	2.7 x 10-4 ± 7.3 x 10-5
	**
	**

	E126_pNZcsdG3107
	6.4 x 10-3 ± 1.1 x 10-3
	NS
	
	6.5 x 10-3 ± 1.4 x 10-3
	NS
	


¤ 3107 values (2-ΔCt mean ± standard deviation) were calculated in each batch of experiments using the corresponding resistant mutant and its derivatives. 
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Figure S1: Location of SNPs found in the genomes of TP901-1 resistant strains E119 (green), E121 (purple) and E126 (red) referred to L. cremoris 3107 genome coordinates. The SNPs found in the intergenic regions are darker coloured. L. cremoris 3107 leading strand genes are depicted in light blue, while the lagging strand genes are displayed in dark blue. In the lower, boxed part of the figure the genomic regions encompassing csdC3107 and csdG3107 have been zoomed in. csdC3107 is flanked by genes predicted to encode: SSU ribosomal protein S15P; a serine/threonine kinase; a serine/threonine phospatase; a tRNA and rRNA cytosyne-C5-methylase, a tRNA-Ile; a transposase; a hypothetical protein and a transposase. csdG3107 is surrounded by genes predicted to encode: a hypothetical protein; a SSU ribosomal protein S1P; a tRNA methyltransferase; a galactose-1-P uridyltransferase; a hypothetical protein; a cation transport ATPase; a copper chaperone and a copper transport repressor.
12
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Figure S2: Multiple alignment of the protein sequence of CsdENZ9000, CsdANZ9000, CsdHNZ9000, CsdC3107, and CsdCNZ9000, (A); and CsdFNZ9000, CsdDNZ9000,  CsdG3107, and CsdBNZ9000(B). Dark blue: AA identity above 80%;  medium blue: AA identity above 60 %  and light blue: AA identity above 40%. 

[image: ]
Figure S3: Multiple alignment of CsdG3107 and CsdG belonging to the strains representing each of the CWPS types (A–D) for which chemical structures have been resolved. Dark blue: AA identity above 80%; lighter blue: AA identity above 60 %  and light blue: AA identity above 40%.
[image: ]
Figure S4: SEC-HPLC purification of rhamnan and PSP oligosaccharides extracted from cell walls of L. cremoris 3107 and TP901-1 resistant mutants E119 and E121 (A) and L. cremoris 3107 and L. cremoris 3107 carrying pNZcsdG3107. * indicates non saccharidic compounds. 
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Abbreviations table
	Acronym
	Definition

	[bookmark: OLE_LINK1]AA 
	amino acids

	Cm 
	chloramphenicol

	CWPS  
	cell wall polysaccharide

	EMS  
	ethyl methanesulfonate

	EOP  
	efficiency of plaquing

	Glc  
	glucose

	GT  
	glycosyltransferase

	HF  
	hydrofluoric acid

	LPS  
	lipopolysaccharide

	LTA  
	lipoteichoic acids

	MALDI-TOF MS  
	matrix-assisted laser desorption ionization-time of flight mass spectrometry

	MOI  
	multiplicity of infection

	PDB  
	protein data bank

	PIP  
	phage infection protein

	PSP  
	polysaccharide pellicle

	RBP  
	receptor binding protein

	SEC-HPLC  
	size exclusion high-performance liquid chromatography

	SNP  
	single nucleotide polymorphism

	t-Gal  
	terminal galactose

	TGS  
	three-component glycosylation system

	TMH  
	transmembrane helix

	UDP-Glc  
	uracil-diphosphate glucose

	Und-P  
	undecaprenyl phosphate
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