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PHYLOGENETIC TREES

1. Phylogenetic tree of strain AK06
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Fig.  S1 Evolutionary analysis of Lactococcus sp. AK06 by Maximum Likelihood method 

The evolutionary history was inferred by using the Maximum Likelihood method and JTT matrix-based model. The tree with the highest log likelihood (-3806.71) is shown. The percentage of trees in which the associated taxa clustered together is shown next to the branches. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using the JTT model, and then selecting the topology with superior log likelihood value. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. This analysis involved 27 amino acid sequences. There were a total of 437 positions in the final dataset. Evolutionary analyses were conducted in MEGA11.

2. Phylogenetic tree of strain AK16
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Fig.  S2 Evolutionary analysis of Lactococcus sp. AK16 by Maximum Likelihood method 

The evolutionary history was inferred by using the Maximum Likelihood method and Tamura-Nei model. The tree with the highest log likelihood (-7844.08) is shown. The percentage of trees in which the associated taxa clustered together is shown next to the branches. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using the Tamura-Nei model, and then selecting the topology with superior log likelihood value. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. This analysis involved 27 nucleotide sequences. There were a total of 1491 positions in the final dataset. Evolutionary analyses were conducted in MEGA11.
3. Phylogenetic tree of strain AK05
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Fig. S3 Evolutionary analysis of strain Lactococcus sp. AK05 by Maximum Likelihood method

The evolutionary history was inferred by using the Maximum Likelihood method and Tamura-Nei model. The tree with the highest log likelihood (-8655.99) is shown. The percentage of trees in which the associated taxa clustered together is shown next to the branches. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using the Tamura-Nei model, and then selecting the topology with superior log likelihood value. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. This analysis involved 27 nucleotide sequences. There were a total of 1488 positions in the final dataset. Evolutionary analyses were conducted in MEGA11.
Table S1 Comparative study of the phenotypic characteristics between AK05 and Lactococcus lactis subsp. hordniae CCUG 32210

	Sl no.
	Acid production from
	L. lactis subsp. hordniae CCUG 32210
	Lactococcus sp. AK05
	Trait similarity (( = similar and ( = diferent)

	1. 
	Lactose 
	-
	+
	 ( 

	2. 
	Melibiose 
	-
	-
	(

	3. 
	Sucrose 
	-
	+
	 ( 

	4. 
	Trehalose 
	+
	+
	(

	5. 
	Raffinose
	-
	+
	 ( 

	6. 
	Starch 
	-
	-
	(

	7. 
	Esculin 
	+
	+
	(

	8. 
	Arabinose 
	-
	+
	 ( 

	9. 
	Mannitol 
	-
	+
	 ( 

	10. 
	Cellobiose 
	-
	+
	 ( 

	11. 
	Maltose 
	-
	+
	 ( 

	12. 
	Xylose 
	-
	+
	 ( 

	13. 
	Salicin 
	-
	+
	 ( 

	14. 
	Gluconate 
	-
	+
	 ( 

	15. 
	Arabitol 
	-
	+
	 ( 

	16. 
	Melizitose 
	-
	+
	 ( 

	17. 
	Sorbitol 
	-
	+
	 ( 

	    18.
	Sorbose 
	-
	+
	 ( 

	  19.
	Xylitol 
	-
	+
	 ( 

	  20.
	Rhamnose 
	-
	+
	 ( 

	
	
	
	
	

	
	Biochemical properties
	
	
	

	21.
	Growth over 4% NaCl
	+
	+
	(

	22.
	Growth at pH 5
	-
	+
	 ( 

	23.
	Voges- Proskaur test
	+
	-
	 ( 


Table S2 Key proteins for different functional traits for probiotic character

	Protein names 
	NODE

	Stress tolerance 



	Ecfa2
	2_231550_230684

	ZitP
	4_143050_142241

	ZitQ

	4_143780_143043

	Ribose ABC transporter, substrate-binding protein RbsB (TC 3.A.1.2.1)
	1_332835_333809

	Maltodextrin ABC transporter, ATP-binding protein MsmX/msmK
	2_74391_73255

	Bile tolerance



	LmrCD, subunit D
	2_190498_188504

	LmrCD, subunit C
	2_192241_190502

	Efflux ABC transporter, permease/ATP-binding protein/ bmrA/LMRA


	3_50483_52237

	
	

	Adhesion

	YwfG (MucBP domain-containing protein)
	8_959_2197

	ymcF (MucBP domain-containing protein)
	1_753727_754719

	
	

	Autoaggregation and coaggregation



	Sortase A
	1_670353_671099

	Sortase C
	3_113897_115183

	enolase
	2_234137_232869

	
	

	Exopolysaccharide 

	Epsa gene (LCGL_0434)
	2_425060_424281

	Tyrosine-protein kinase EpsD (EC 2.7.10.2)

(eps b gene)
	2_424271_423576

	Manganese-dependent protein-tyrosine phosphatase (EC 3.1.3.48)

(epsc gene)
	2_423521_422757

	
	

	Bacteriocin

	Phage lysin, glycosyl hydrolase, family 25


	6_100924_100010

	Lysine-specific permease


	7_72267_70801

	Lactococcin 972 family bacteriocin
	4_66193_65855

	lactococcin family bacteriocin
	7_73370_73155

	M23 family metallopeptidase/ lysin
	6_96330_95608

	Pyruvate carboxylase (EC 6.4.1.1)


	5_100371_103784

	CoA ligase


	5_92775_91252

	PS103
	7_64519_64683

	PS102
	7_64805_65110

	llmg_2268, ps501
	NODE_18_length_17905_cov_278.707152_17377_16193


Table S3 dDDH and ANI values
	Sl. No.
	L. lactis subsp. AK05 vs type strains of  the genus Lactococcus
	DDH estimate (%)
	ANI value (%)

	1
	L. allomyrinae 1JSPR/1-609
	22.30
	75.85

	2
	L. carnosus CMTALT02
	21.10
	69.54

	3
	L. chungangensis DSM 22330
	22.70
	69.89

	4
	L. fujiensis JCM 16395
	23.80
	72.70

	5
	L. hircilactis DSM 28960
	23.60
	72.74

	6
	l. lactis subsp. hordniae CCUG 3221
	78.90
	97.61

	7
	L. kimchi S-13
	23.10
	77.89

	8
	L. lactis subsp. cremoris ATCC 19257
	32.20
	86.82

	9
	L. lactis subsp. tructae DSM 21502
	31.80
	86.41

	10
	L. petauri 159469
	22.50
	72.57

	11
	L. piscium DSM 6634
	20.50
	69.50

	12
	L. plantarum DSM 20686
	28.50
	69.82

	13
	L. raffinolactis KACC 13441
	26.40
	70.09

	14
	L. reticulitermitis Rs Y01
	20.90
	69.52

	15
	L. termitocola NtB2
	23.40
	70.58


	Bacteriocin related genes
	

	NODE


	LOCUS TAG
	PROTEIN_ID
	PRODUCT
	E value
	Percent identity (%)
	NCBI Blast sp.

	1_428698_428967
	AB6B24_02085
	PRJNA1141375:AB6B24_02085
	bacteriocin immunity protein
	2e-133
	98.89
	Lactococcus lactis

	1_300017_300229
	AB6B24_01465
	PRJNA1141375:AB6B24_01465
	bacteriocin immunity protein
	
	
	

	1_266619_266894
	AB6B24_01325
	PRJNA1141375:AB6B24_01325
	bacteriocin immunity protein
	2e-138
	99.28
	Lactococcus lactis

	2_192734_192982
	AB6B24_05470
	PRJNA1141375:AB6B24_05470
	bacteriocin
	
	
	

	2_369128_368979
	AB6B24_06350
	PRJNA1141375:AB6B24_06350
	bacteriocin class II family protein
	

	
	

	2_469378_469073
	AB6B24_06890
	PRJNA1141375:AB6B24_06890
	bacteriocin immunity protein
	6e-145
	97.39
	Lactococcus lactis

	4_65858_63879
	AB6B24_08945
	PRJNA1141375:AB6B24_08945
	bacteriocin-associated integral membrane family protein
	0.0
	93.87
	Lactococcus lactis

	4_66193_65855
	AB6B24_08950
	PRJNA1141375:AB6B24_08950
	lactococcin 972 family bacteriocin
	2e-85
	87.86
	Lactococcus lactis

	7_73370_73155
	AB6B24_11185
	PRJNA1141375:AB6B24_11185
	lactococcin family bacteriocin
	
	
	

	2_469378_469073
	AB6B24_06890
	PRJNA1141375:AB6B24_06890
	bacteriocin immunity protein
	6e-145
	97.39
	Lactococcus lactis

	7_64519_64683
	AB6B24_11135
	PRJNA1141375:AB6B24_11135
	bacteriocin
	3e-75
	98.18
	Lactococcus lactis

	2_469663_469499
	AB6B24_06895
	PRJNA1141375:AB6B24_06895
	bacteriocin
	3e-60
	92.73
	Lactococcus lactis

	2_469378_469073
	AB6B24_06890
	PRJNA1141375:AB6B24_06890
	bacteriocin immunity protein
	6e-145
	97.39
	Lactococcus lactis


Table S4 Genes related to bacteriocin production
Table S5 Predicted biosynthetic genes of Lactococcus sp. AK05 from AntiSMASH and BAGEL V4
	NODE
	LOCUS TAG
	PROTEIN_ID
	PRODUCT
	E value
	Percent identity (%)
	NCBI blast 

	7_73370_73155
	AB6B24_11185
	PRJNA1141375:AB6B24_11185
	lactococcin family bacteriocin

(RiPP)
	
	
	

	8_27953_28810
	AB6B24_11375
	PRJNA1141375:AB6B24_11375
	transcriptional regulator

(Ras-RiPP)
	0.0
	88.59
	Lactococcus lactis

	8_29729_30994
	AB6B24_11390
	PRJNA1141375:AB6B24_11390
	radical SAM protein

(Ras-RiPP)
	
	
	

	1_407220_406066
	AB6B24_01965
	PRJNA1141375:AB6B24_01965
	hydroxymethylglutaryl-CoA synthase

(T3PKS)
	0.0
	98.44
	Lactococcus lactis

	5_92775_91252
	AB6B24_10035
	PRJNA1141375:AB6B24_10035
	class I adenylate-forming enzyme family protein 

(betalactone)
	0.0


	98.49
	
Lactococcus lactis


	5_100371_103784
	AB6B24_10070
	PRJNA1141375:AB6B24_10070
	pyruvate carboxylase

(betalactone)
	0.0
	98.04
	
Lactococcus lactis


	1_612607_611957
	AB6B24_02930
	PRJNA1141375:AB6B24_02930
	redox-sensing transcriptional repressor Rex

(Enterolysin A)
	0.0
	96.05
	Lactococcus lactis

	
	
	
	
	
	
	


	Acid stress tolerance genes

	NODE
	LOCUS TAG
	PROTEIN_ID
	PRODUCT
	E value
	Percent identity (%)
	Name of species after NCBI Blast

	1_685566_686537
	AB6B24_03310
	PRJNA1141375:AB6B24_03310
	L-lactate dehydrogenase
	0.0
	97.53
	
Lactococcus lactis


	1_664864_666330
	AB6B24_03225
	PRJNA1141375:AB6B24_03225
	APC family permease
	0.0
	96.86
	Lactococcus

	1_897273_895762,    gadC
	AB6B24_04260
	PRJNA1141375:AB6B24_04260
	glutamate:gamma-aminobutyrate antiporter
	0.0
	98.74
	Lactococcus lactis

	1_895742_894342
	AB6B24_04255
	PRJNA1141375:AB6B24_04255
	glutamate decarboxylase
	0.0
	97.86
	Lactococcus lactis

	1_429079_430125
	AB6B24_02090
	PRJNA1141375:AB6B24_02090
	zinc-dependent alcohol dehydrogenase family

                     protein
	0.0
	98.76
	Lactococcus lactis

	1_261563_262663,   aguA
	AB6B24_01300
	PRJNA1141375:AB6B24_01300
	agmatine deiminase
	0.0
	98.73
	Lactococcus lactis

	1_193307_193732
	AB6B24_00965
	PRJNA1141375:AB6B24_00965
	F0F1 ATP synthase subunit epsilon
	0.0
	95.31
	
Lactococcus lactis


	1_191699_193108,    atpD
	AB6B24_00960
	PRJNA1141375:AB6B24_00960
	F0F1 ATP synthase subunit beta
	0.0
	99.01
	Lactococcus lactis

	1_190697_191566
	AB6B24_00955
	PRJNA1141375:AB6B24_00955
	F0F1 ATP synthase subunit gamma
	0.0
	97.82
	
Lactococcus lactis


	1_189179_190681,   atpA
	AB6B24_00950
	PRJNA1141375:AB6B24_00950
	F0F1 ATP synthase subunit alpha
	0.0
	99.60
	
Lactococcus lactis


	1_188465_188992
	AB6B24_00945
	PRJNA1141375:AB6B24_00945
	F0F1 ATP synthase subunit delta
	0.0
	99.62
	Lactococcus lactis

	1_187957_188463 ,    atpF
	AB6B24_00940
	PRJNA1141375:AB6B24_00940
	F0F1 ATP synthase subunit B
	0.0
	99.61
	Lactococcus lactis

	1_187229_187942,      atpB
	AB6B24_00935
	PRJNA1141375:AB6B24_00935
	F0F1 ATP synthase subunit A
	0.0
	99.44
	Lactococcus lactis

	1_186969_187184
	AB6B24_00930
	PRJNA1141375:AB6B24_00930
	F0F1 ATP synthase subunit C
	9e-107
	99.54
	Lactococcus lactis

	1_139496_140518,    adhP
	AB6B24_00725
	PRJNA1141375:AB6B24_00725
	alcohol dehydrogenase AdhP
	0.0
	99.12
	
Lactococcus lactis


	2_139976_141349
	AB6B24_05230
	PRJNA1141375:AB6B24_05230
	amino acid permease
	0.0
	98.11
	Lactococcus lactis

	2_138528_139907
	AB6B24_05225
	PRJNA1141375:AB6B24_05225
	amino acid permease
	0.0
	99.06


	
Lactococcus lactis


	2_131559_130126
	AB6B24_05175
	PRJNA1141375:AB6B24_05175
	amino acid permease
	0.0
	99.58


	
Lactococcus lactis


	2_123309_124253
	AB6B24_05145
	PRJNA1141375:AB6B24_05145
	L-lactate dehydrogenase
	0.0
	99.47


	Lactococcus lactis

	2_49200_48286
	AB6B24_04795
	PRJNA1141375:AB6B24_04795
	L-lactate dehydrogenase
	0.0
	99.13
	
Lactococcus lactis


	3_164666_163326
	AB6B24_07935
	PRJNA1141375:AB6B24_07935
	amino acid permease
	0.0
	98.43
	
Lactococcus lactis


	3_207279_208196
	AB6B24_08115
	PRJNA1141375:AB6B24_08115
	ABC transporter ATP-binding protein
	0.0
	98.15
	
Lactococcus lactis

	3_208193_209695
	AB6B24_08120
	PRJNA1141375:AB6B24_08120
	ABC transporter permease/substrate-binding                   protein
	0.0
	98.54


	
Lactococcus lactis


	3_57998_57012
	AB6B24_07435
	PRJNA1141375:AB6B24_07435
	zinc-binding alcohol dehydrogenase family                     protein
	0.0
	97.67
	
Lactococcus lactis


	2_392046_390637
	AB6B24_06475
	PRJNA1141375:AB6B24_06475
	amino acid permease
	0.0
	99.01
	
Lactococcus lactis


	4_73577_72084
	AB6B24_08995
	PRJNA1141375:AB6B24_08995
	basic amino acid/polyamine antiporter
	0.0
	99.53
	
Lactococcus lactis

	4_81291_80059,      arcA
	AB6B24_09025
	PRJNA1141375:AB6B24_09025
	arginine deiminase
	0.0
	99.27
	Lactococcus lactis


	6_19598_18621
	AB6B24_10265
	PRJNA1141375:AB6B24_10265
	L-lactate dehydrogenase
	0.0
	98.16
	Lactococcus lactis


	1_94791_96140
	AB6B24_00505
	PRJNA1141375:AB6B24_00505
	amino acid permease
	0.0
	98.67
	
Lactococcus lactis


	12_9108_10334
	AB6B24_12030
	PRJNA1141375:AB6B24_12030
	Glycine betaine/L-proline ABC transporter                  ATP-binding protein
	0.0
	98.70


	
Lactococcus lactis

	12_10331_12052
	AB6B24_12035
	PRJNA1141375:AB6B24_12035
	Glycine betaine/L-proline ABC transporter                  ATP-binding protein
	0.0
	98.03


	
Lactococcus lactis

	7_72267_70801
	AB6B24_11175
	PRJNA1141375:AB6B24_11175
	amino acid permease
	0.0
	99.25
	
Lactococcus lactis



	Bile tolerance genes and NaCl tolerance genes

	NODE
	LOCUS TAG
	PROTEIN_ID
	PRODUCT
	E value
	Percent identity
	Name of species after NCBI Blast

	2_192241_190502  
	AB6B24_05460
	PRJNA1141375:AB6B24_05460
	multidrug efflux ABC transporter LmrCD 

subunit C / ABC transporter ATP-binding protein
	0
	92.44
	
Lactococcus lactis


	2_190498_188504 lmrD
	AB6B24_05455
	PRJNA1141375:AB6B24_05455
	multidrug efflux ABC transporter LmrCD subunit D
	0
	99.72
	
Lactococcus lactis


	2_190498_188504
	AB6B24_05455
	PRJNA1141375:AB6B24_05455
	multidrug efflux ABC transporter LmrCD subunit D
	0
	99.70
	
Lactococcus lactis


	1_846602_844653
	AB6B24_04045
	PRJNA1141375:AB6B24_04045
	Na+/H+ antiporter
	0.0
	97.95
	Lactococcus lactis

	2_114562_116604
	AB6B24_05110
	PRJNA1141375:AB6B24_05110
	Na+/H+ antiporter
	0.0
	98.24
	Lactococcus lactis

	9_7819_6680
	AB6B24_11465
	PRJNA1141375:AB6B24_11465
	Na+/H+ antiporter
	0
	98.25
	Lactococcus lactis

	18_232_1374
	AB6B24_12325
	PRJNA1141375:AB6B24_12325
	Na+/H+ antiporter
	0.0
	99.56
	Lactococcus lactis


Table S7 Bile and NaCl stress tolerance genes

	Autoaggregation, Coaggregation, cell adhesion-related genes

	NODE

	LOCUS TAG
	PROTEIN_ID
	PRODUCT
	E value
	Percent identity (%)
	NCBI blast 

	1_670353_671099
	AB6B24_03240
	PRJNA1141375:AB6B24_03240
	Sortase A
	0.0
	97.99
	
Lactococcus lactis


	1_753727_754719
	AB6B24_03620
	PRJNA1141375:AB6B24_03620
	MucBP domain-containing protein
	0.0
	88.13
	
Lactococcus lactis


	2_269800_267380
	AB6B24_05840
	PRJNA1141375:AB6B24_05840
	cell wall anchor protein
	0.0
	90.46
	Lactococcus lactis

	2_234137_232869,     eno
	AB6B24_05670
	PRJNA1141375:AB6B24_05670
	phosphopyruvate hydratase/ enolase
	0.0
	98.58
	
Lactococcus lactis


	3_113897_115183
	AB6B24_07690
	PRJNA1141375:AB6B24_07690
	class C sortase
	0.0
	98.68
	Lactococcus lactis


	3_193363_194814
	AB6B24_08055
	PRJNA1141375:AB6B24_08055
	fibronectin-binding SSURE repeat-containing                     protein
	
	
	

	3_111988_113832
	AB6B24_07685
	PRJNA1141375:AB6B24_07685
	flagellar hook-length control protein FliK
	0.0
	95.34
	Lactococcus lactis

	5_87322_88623,   eno
	AB6B24_10015
	PRJNA1141375:AB6B24_10015
	surface-displayed alpha-enolase
	0.0
	99.92
	Lactococcus lactis


	6_12289_13911
	AB6B24_10240
	PRJNA1141375:AB6B24_10240
	NFACT family protein
	0.0
	98.09
	
Lactococcus lactis


	8_959_2197
	AB6B24_11245
	PRJNA1141375:AB6B24_11245
	MucBP domain-containing protein
	0.0
	
93.11


	Lactococcus lactis


	2_267380_266811
	AB6B24_05840
	PRJNA1141375:AB6B24_05840
	cell wall anchor protein
	
	
	

	3_209957_212377
	AB6B24_08125
	PRJNA1141375:AB6B24_08125
	cell wall anchor protein
	0.0
	92.27
	
Lactococcus lactis



Table S8 Autoaggregation, co-aggregation, cell adhesion-related genes
Table S9 Exopolysaccharide producing genes
	Exopolysaccharide producing genes

	NODE
	LOCUS TAG
	PROTEIN_ID
	PRODUCT
	E value
	Percent identity (%)
	NCBI blast 

	1_911398_910772
	AB6B24_04320
	PRJNA1141375:AB6B24_04320
	polysaccharide deacetylase family protein
	0.0
	
96.17

	
Lactococcus lactis


	1_671889_672587
	AB6B24_03250
	PRJNA1141375:AB6B24_03250
	XcbB/CpsF family capsular polysaccharide                   biosynthesis protein
	0.0
	96.28
	
Lactococcus lactis


	1_513252_514589
	AB6B24_02495
	PRJNA1141375:AB6B24_02495
	XcbB/CpsF family capsular polysaccharide                    biosynthesis protein
	
	
	



	1_148021_146627
	AB6B24_00755
	PRJNA1141375:AB6B24_00755
	XcbB/CpsF family capsular polysaccharide                    biosynthesis protein
	
	
	

	1_142540_144213
	AB6B24_00740
	PRJNA1141375:AB6B24_00740
	oligosaccharide flippase family protein
	0.0
	99.22
	
Lactococcus lactis


	2_226855_225737
	AB6B24_05630
	PRJNA1141375:AB6B24_05630
	polysaccharide deacetylase family protein
	0.0
	
99.37

	
Lactococcus lactis


	2_398773_397817
	AB6B24_06505
	PRJNA1141375:AB6B24_06505
	polysaccharide deacetylase family protein
	0.0
	97.70
	
Lactococcus lactis


	2_424271_423576
	AB6B24_06660
	PRJNA1141375:AB6B24_06660
	polysaccharide biosynthesis tyrosine autokinase
	0.0
	98.71
	
Lactococcus paracarnosus




	2_425867_425100
	AB6B24_06670
	PRJNA1141375:AB6B24_06670
	polysaccharide biosynthesis protein/ SGNH/GDSL hydrolase family protein
	0.0
	98.31
	
Lactococcus raffinolactis




	5_118646_119539
	AB6B24_10125
	PRJNA1141375:AB6B24_10125
	polysaccharide deacetylase family protein
	0.0
	97.99
	
Lactococcus lactis



Table S10 Carbohydrate Active Enzymes via DBCAN3
	Location
	Locus tag


	gene
	Family proteins
	Protein  name
	Protein id
	E value
	Percent identiity
	NCBI blast of gene

	1_10426_12009
	AB6B24_00070
	
	GH73
	amidase domain-containing protein
	PRJNA1141375:AB6B24_00070
	0.0
	93.69
	
Lactococcus lactis


	1_15208_16401
	AB6B24_00095
	
	GH65


	class I SAM-dependent methyltransferase
	PRJNA1141375:AB6B24_00095
	0.0
	99.25
	
Lactococcus lactis


	1_52803_55601
	AB6B24_00295
	ileS
	GT0


	isoleucine--tRNA ligase
	PRJNA1141375:AB6B24_00295
	0.0
	99.21
	Lactococcus lactis

	1_62583_64904
	AB6B24_00340
	pnp
	GH13
	polyribonucleotide nucleotidyltransferase
	PRJNA1141375:AB6B24_00340
	0.0
	98.98
	
Lactococcus lactis


	1_155514_159137
	AB6B24_00780
	rpoC
	GH1
	DNA-directed RNA polymerase subunit beta'
	PRJNA1141375:AB6B24_00780
	0.0
	99.48
	
Lactococcus lactis


	1_191699_191586
	AB6B24_00960
	atpD
	CBM48+GH13


	F0F1 ATP synthase subunit beta
	PRJNA1141375:AB6B24_00960
	
	
	

	1_213918_215210
	AB6B24_01070
	aroA
	
	3-phosphoshikimate 1-carboxyvinyltransferase
	PRJNA1141375:AB6B24_01070
	0.0
	99.38
	Lactococcus lactis

	1_278034_279788
	AB6B24_01390
	
	CBM34+GH13


	glycoside hydrolase family 13 protein
	PRJNA1141375:AB6B24_01390
	0.0
	98.58
	Lactococcus lactis

	1_282242_283816
	AB6B24_01405
	
	GH13_36


	alpha-amylase family glycosyl hydrolase
	PRJNA1141375:AB6B24_01405
	0.0
	96.83
	
Lactococcus lactis


	1_283859_285568
	AB6B24_01410
	
	GH13_31
	alpha-glucosidase
	PRJNA1141375:AB6B24_01410
	0.0
	98.13
	Lactococcus lactis

	1_285591_287846
	AB6B24_01415
	
	GH65


	glycoside hydrolase family 65 protein
	PRJNA1141375:AB6B24_01415
	0.0
	98.89
	
Lactococcus lactis


	1_293680_295113
	AB6B24_01445
	
	GH1


	6-phospho-beta-glucosidase
	PRJNA1141375:AB6B24_01445
	0.0
	98,74
	
Lactococcus lactis


	1_387463_388536
	AB6B24_01885
	murG
	GT28


	undecaprenyldiphospho-muramoylpentapeptide beta-N-acetylglucosaminyltransferase
	PRJNA1141375:AB6B24_01885
	0.0
	99.53
	
Lactococcus lactis


	1_439761_437683
	AB6B24_02140
	
	CBM50
	heavy metal translocating P-type ATPase
	PRJNA1141375:AB6B24_02140
	0.0
	98.08
	Lactococcus raffinolactis

	1_469010_470338
	AB6B24_02285
	
	GT2
	glycosyltransferase family 2 protein
	PRJNA1141375:AB6B24_02285
	0.0
	98.8
	
Lactococcus lactis


	1_477986_479185
	AB6B24_02330
	
	GT119


	FtsW/RodA/SpoVE family cell cycle protein
	PRJNA1141375:AB6B24_02330
	0.0
	99.50
	
Lactococcus lactis


	1_508556_510037
	AB6B24_02480
	
	GT2
	glycosyltransferase family A protein 
	PRJNA1141375:AB6B24_02480
	0.0
	98.65
	
Lactococcus lactis


	1_510060_512261
	AB6B24_02485
	
	GT2


	glycosyltransferase family 2 protein
	PRJNA1141375:AB6B24_02485
	0.0
	97.68
	
Lactococcus lactis


	1_514620_517307
	AB6B24_02500
	
	GT2


	CDP-glycerol glycerophosphotransferase family                    protein
	PRJNA1141375:AB6B24_02500
	0.0
	
97.81


	
Lactococcus lactis subsp. lactis


	1_528775_530442
	AB6B24_02570
	
	GH24


	formate--tetrahydrofolate ligase
	PRJNA1141375:AB6B24_02570
	0.0
	99.16
	
Lactococcus lactis


	1_547480_549303
	AB6B24_02670
	dnaK
	GT1


	molecular chaperone DnaK
	PRJNA1141375:AB6B24_02670
	0.0
	
99.01


	
Lactococcus lactis


	1_604770_605726
	AB6B24_02895
	
	GT2
	glycosyltransferase family 2 protein
	PRJNA1141375:AB6B24_02895
	0.0
	97.91
	
Lactococcus lactis


	1_662166_663989
	AB6B24_03215
	lepA
	GH28
	translation elongation factor 4
	PRJNA1141375:AB6B24_03215
	0.0
	97.92
	
Lactococcus lactis


	1_686696_687757
	AB6B24_03315
	
	GH170


	DUF871 domain-containing protein
	PRJNA1141375:AB6B24_03315
	0.0
	98.78
	
Lactococcus lactis


	1_771813_773195
	AB6B24_03705
	leuC
	GT2
	3-isopropylmalate dehydratase large subunit
	PRJNA1141375:AB6B24_03705
	0.0
	99.57
	
Lactococcus lactis


	1_774706_776418
	AB6B24_03720
	ilvD
	GH0


	dihydroxy-acid dehydratase
	PRJNA1141375:AB6B24_03720
	0.0
	97.72
	Lactococcus lactis

	1_819303_817486
	AB6B24_03920
	
	GH0


	CHAP domain-containing protein
	PRJNA1141375:AB6B24_03920
	
	
	

	1_847959_849434
	AB6B24_04055
	
	GH13_5


	alpha-amylase
	PRJNA1141375:AB6B24_04055
	0.0
	98.17
	Lactococcus lactis

	1_869087_866613
	AB6B24_04130
	
	GT2
	glycosyltransferase
	PRJNA1141375:AB6B24_04130
	0.0
	98.51
	Lactococcus lactis

	1_895742_894342
	AB6B24_04255
	
	GH71
	glutamate decarboxylase
	PRJNA1141375:AB6B24_04255
	0.0
	97.86
	Lactococcus lactis

	1_910743_908749
	AB6B24_04315
	
	GH67
	alpha-glucuronidase
	PRJNA1141375:AB6B24_04315
	0.0
	96.44
	Lactococcus lactis

	1_911398_910772
	AB6B24_04320
	
	CE4
	polysaccharide deacetylase family protein
	PRJNA1141375:AB6B24_04320
	0.0
	96.17
	Lactococcus lactis

	1_912545_911412
	AB6B24_04325
	
	GH8
	glycosyl hydrolase family 8
	PRJNA1141375:AB6B24_04325
	0.0
	95.41
	Lactococcus lactis

	1_917597_915750
	AB6B24_04345
	
	CE20
	sialate O-acetylesterase
	PRJNA1141375:AB6B24_04345
	0.0
	92.97
	Lactococcus lactis

	2_6180_8273
	AB6B24_04540
	
	GT51
	transglycosylase domain-containing protein
	PRJNA1141375:AB6B24_04540
	0.0
	94.30
	Lactococcus lactis

	2_10036_8945
	AB6B24_04550
	
	CBM50+GH73


	LysM peptidoglycan-binding domain-containing         protein
	PRJNA1141375:AB6B24_04550
	0.0
	98.26
	Lactococcus lactis

	2_38828_37617
	AB6B24_04745
	
	GH3
	glycoside hydrolase family 3 N-terminal           domain-containing protein
	PRJNA1141375:AB6B24_04745
	0.0
	98.68
	Lactococcus lactis

	2_44581_41399
	AB6B24_04765
	
	GH13_30


	DNA polymerase III subunit alpha
	PRJNA1141375:AB6B24_04765
	0.0
	98.71
	Lactococcus lactis

	2_62678_60369
	AB6B24_04865
	
	GH65
	glycoside hydrolase family 65 protein
	PRJNA1141375:AB6B24_04865
	0.0
	99.09
	Lactococcus lactis

	2_72947_69276
	AB6B24_04900
	nifJ
	GT2
	pyruvate:ferredoxin (flavodoxin) oxidoreductase
	PRJNA1141375:AB6B24_04900
	0.0
	
99.09


	Lactococcus lactis

	2_80119_78683
	AB6B24_04930
	
	GH1
	6-phospho-beta-glucosidase
	PRJNA1141375:AB6B24_04930
	0.0
	
97.49


	Lactococcus lactis

	2_105014_103386
	AB6B24_05055
	groL
	GH13
	chaperonin GroEL
	PRJNA1141375:AB6B24_05055
	0.0
	99.57
	Lactococcus lactis

	2_112475_110070
	AB6B24_05095
	
	GT51
	transglycosylase domain-containing protein
	PRJNA1141375:AB6B24_05095
	0.0
	
98.71


	Lactococcus lactis

	2_126642_128126
	AB6B24_05160
	lysS
	GT119
	lysine--tRNA ligase
	PRJNA1141375:AB6B24_05160
	0.0
	99.19
	Lactococcus lactis

	2_150201_148630
	AB6B24_05260
	
	GT4
	peptide chain release factor 3
	PRJNA1141375:AB6B24_05260
	0.0
	99.36
	Lactococcus lactis

	2_202473_200914
	AB6B24_05505
	
	CBM50
	bifunctional UDP-sugar                    hydrolase/5'-nucleotidase
	PRJNA1141375:AB6B24_05505
	0.0
	98.59
	Lactococcus lactis

	2_226855_225737
	AB6B24_05630
	
	CE4
	polysaccharide deacetylase family protein
	PRJNA1141375:AB6B24_05630
	0.0
	99.37
	Lactococcus lactis

	2_234137_232869
	AB6B24_05670
	eno
	GH13_31
	phosphopyruvate hydratase
	PRJNA1141375:AB6B24_05670
	0.0
	98.58
	Lactococcus lactis

	2_238233_239552
	AB6B24_05690
	
	CBM50+GH7
	LysM peptidoglycan-binding domain-containing                    protein
	PRJNA1141375:AB6B24_05690
	0.0
	96.61
	Lactococcus lactis

	2_288302_289681
	AB6B24_05955
	
	GH25
	GH25 family lysozyme
	PRJNA1141375:AB6B24_05955"
	
	
	

	2_292366_291479
	AB6B24_05970
	
	GT2
	glycosyltransferase family A protein
	PRJNA1141375:AB6B24_05970
	
	
	

	2_293369_292368
	AB6B24_05975
	
	GT2
	glycosyltransferase family 2 protein
	PRJNA1141375:AB6B24_05975
	
	
	

	2_294195_293359

2_295334_294195
	AB6B24_05985
	
	GT4
	glycosyltransferase family 4 protein
	PRJNA1141375:AB6B24_05985
	0.0
	94.51
	Lactococcus lactis

	2_298776_298051
	AB6B24_06005
	
	GT2
	glycosyltransferase family 2 protein
	PRJNA1141375:AB6B24_06005
	4e-165
	83.98
	Lactococcus lactis

	2_302182_300413
	AB6B24_06015
	
	GT0
	rhamnan synthesis F family protein
	PRJNA1141375:AB6B24_06015
	
	83.98
	

	2_303166_302192
	AB6B24_06020
	
	GT2
	glycosyltransferase family A protein
	PRJNA1141375:AB6B24_06020
	
	
	

	2_308672_307464
	AB6B24_06045
	wchF
	GT4
	beta 1-4 rhamnosyltransferase Cps2T
	PRJNA1141375:AB6B24_06045
	0.0
	99.09
	Lactococcus lactis

	2_330429_328993
	AB6B24_06160
	
	GH1


	glycoside hydrolase family 1 protein
	PRJNA1141375:AB6B24_06160"
	0.0 
	99.03
	Lactococcus lactis

	2_332566_331082
	AB6B24_06175
	
	GH1
	PTS sugar transporter subunit IIC
	PRJNA1141375:AB6B24_06175
	0.0
	99.39
	Lactococcus lactis

	2_333758_332664
	AB6B24_06180
	
	GH170
	DUF871 domain-containing protein
	PRJNA1141375:AB6B24_06180
	0.0
	98.81
	Lactococcus lactis

	2_361501_363447
	AB6B24_06300
	
	CBM48+GH13


	alpha-amylase family glycosyl hydrolase
	PRJNA1141375:AB6B24_06300
	0.0
	
98.41


	Lactococcus lactis

	2_394445_395380
	AB6B24_06495
	
	GT2
	glycosyltransferase family 2 protein
	PRJNA1141375:AB6B24_06495
	0.0
	
98.40
	Lactococcus lactis

	2_417369_416401
	AB6B24_06615
	
	GT2
	glycosyltransferase family 2 protein
	PRJNA1141375:AB6B24_06615
	
	
	

	2_418963_418127
	AB6B24_06625
	
	GT2
	glycosyltransferase family 2 protein
	PRJNA1141375:AB6B24_06625
	
	
	

	2_421093_420392
	AB6B24_06635
	
	GT32
	glycosyltransferase family 32 protein
	PRJNA1141375:AB6B24_06635
	
	
	

	3_28643_30646
	AB6B24_07325
	
	GH77
	4-alpha-glucanotransferase
	PRJNA1141375:AB6B24_07325
	0.0
	99.35
	Lactococcus lactis

	3_30746_31888
	AB6B24_07330
	
	GH13_9


	glucose-1-phosphate adenylyltransferase
	PRJNA1141375:AB6B24_07330
	0.0
	98.69
	Lactococcus lactis

	3_33094_34545
	AB6B24_07340
	glgA
	GT5
	glycogen synthase GlgA
	PRJNA1141375:AB6B24_07340
	0.0
	98.69
	Lactococcus lactis

	3_34634_37036
	AB6B24_07345
	
	GT35
	glycogen/starch/alpha-glucan phosphorylase
	PRJNA1141375:AB6B24_07345
	0.0
	98.67
	Lactococcus lactis

	3_37126_38928
	AB6B24_07350
	
	CBM34+GH13_39


	glycoside hydrolase family 13 protein
	PRJNA1141375:AB6B24_07350
	0.0
	98.17
	Lactococcus lactis

	3_66714_68906
	AB6B24_07490
	
	GH31_15


	TIM-barrel domain-containing protein
	PRJNA1141375:AB6B24_07490
	0.0
	73.79
	Lactococcus allomyrinae

	3_119980_122814
	AB6B24_07730
	infB
	GT2
	translation initiation factor IF-2
	PRJNA1141375:AB6B24_07730
	0.0
	98.52
	Lactococcus lactis

	3_169079_169750
	AB6B24_07965
	leuS
	GH13_26


	leucine--tRNA ligase
	PRJNA1141375:AB6B24_07965
	0.0
	99.11
	Lactococcus lactis

	3_175366_176727
	AB6B24_07980
	
	GH1
	glycoside hydrolase family 1 protein
	PRJNA1141375:AB6B24_07980
	0.0
	98.24
	Lactococcus lactis

	3_228224_230827
	AB6B24_08225
	clpB
	GH76
	ATP-dependent chaperone ClpB
	PRJNA1141375:AB6B24_08225
	0.0
	97.81
	Lactococcus lactis

	3_231016_232032
	AB6B24_08230
	purM
	GH13_31
	phosphoribosylformylglycinamidine cyclo-ligase
	PRJNA1141375:AB6B24_08230
	0.0
	98.13
	Lactococcus lactis



	3_236969_238525
	AB6B24_08260
	purH
	GH13_23


	bifunctional               phosphoribosylaminoimidazolecarboxamide formyltransferase/IMP cyclohydrolase
	PRJNA1141375:AB6B24_08260
	0.0
	98.52
	Lactococcus lactis



	3_251495_253174
	AB6B24_08320
	
	CBM91+GH43_11


	glycoside hydrolase family 43 protein
	PRJNA1141375:AB6B24_08320
	0.0
	98.63
	Lactococcus lactis

	3_260176_258023
	AB6B24_08340
	
	GH92
	GH92 family glycosyl hydrolase
	PRJNA1141375:AB6B24_08340
	0.0
	
98.42


	Lactococcus lactis

	3_261449_262744
	AB6B24_08350
	
	GH125
	glycoside hydrolase family 125 protein"
	PRJNA1141375:AB6B24_08350
	0.0
	
99.38


	Lactococcus lactis

	3_262779_265466
	AB6B24_08355
	
	GH38
	alpha-mannosidase
	PRJNA1141375:AB6B24_08355
	0.0
	99.44
	Lactococcus lactis

	3_269003_269980
	AB6B24_08375
	
	GH20
	family 20 glycosylhydrolase
	PRJNA1141375:AB6B24_08375
	0.0
	98.47
	Lactococcus lactis

	3_269973_271562
	AB6B24_08380
	
	GH13_31


	alpha-glucosidase
	PRJNA1141375:AB6B24_08380
	0.0
	97.92
	Lactococcus lactis

	3_271584_274355
	AB6B24_08385
	
	CBM32+GH85


	discoidin domain-containing protein
	PRJNA1141375:AB6B24_08385
	0.0
	
98.41


	Lactococcus lactis

	3_275109_276536
	AB6B24_08395
	
	GH1
	glycoside hydrolase family 1 protein
	PRJNA1141375:AB6B24_08395
	0.0
	97.62
	Lactococcus lactis

	3_278641_280182
	AB6B24_08410
	guaA
	GH131


	glutamine-hydrolyzing GMP synthase
	PRJNA1141375:AB6B24_08410
	0.0
	99.09
	Lactococcus lactis

	3_310977_312413
	AB6B24_08570
	
	GH1
	glycoside hydrolase family 1 protein
	PRJNA1141375:AB6B24_08570
	0.0
	97.77
	Lactococcus lactis

	4_5284_3992
	AB6B24_08615
	
	GT47


	adenylosuccinate synthase
	PRJNA1141375:AB6B24_08615
	0.0
	98.99
	Lactococcus lactis

	4_34076_35080
	AB6B24_08770
	mgrA
	CE12
	L-glyceraldehyde 3-phosphate reductase
	PRJNA1141375:AB6B24_08770
	0.0
	
99.20%


	Lactococcus lactis

	4_139249_137018
	AB6B24_09345
	
	GT51
	PBP1A family penicillin-binding protein
	PRJNA1141375:AB6B24_09345
	0.0
	98.34
	Lactococcus lactis

	4_157952_156102
	AB6B24_09440
	
	CBM50+GH25


	proline--tRNA ligase
	PRJNA1141375:AB6B24_09440
	0.0
	99.51
	Lactococcus lactis

	4_164591_165589
	AB6B24_09480
	
	GT4
	glycosyltransferase family 4 protein
	PRJNA1141375:AB6B24_09480
	0.0
	99.10
	Lactococcus lactis

	4_165715_167055
	AB6B24_09485
	
	GT4
	glycosyltransferase family 4 protein
	PRJNA1141375:AB6B24_09485
	0.0
	98,51
	Lactococcus lactis

	5_7354_9600
	AB6B24_09585
	
	GT4
	AAA family ATPase
	PRJNA1141375:AB6B24_09585
	0.0
	99.47
	Lactococcus lactis

	5_42530_43603
	AB6B24_09775
	prfA
	GH23
	peptide chain release factor 1
	PRJNA1141375:AB6B24_09775
	0.0
	99.26
	Lactococcus lactis

	5_47509_48756
	AB6B24_09805
	glyA
	GH13_11


	serine hydroxymethyltransferase
	PRJNA1141375:AB6B24_09805
	0.0
	97.60
	Lactococcus lactis

	5_48919_49521
	AB6B24_09810
	
	GH23
	lysozyme family protein
	PRJNA1141375:AB6B24_09810
	0.0
	98.34
	Lactococcus lactis

	5_64840_66258
	AB6B24_09910
	gndA
	GH30
	NADP-dependent phosphogluconate dehydrogenase
	PRJNA1141375:AB6B24_09910
	0.0
	99.44
	Lactococcus lactis

	5_83995_86445
	AB6B24_10005
	
	GT4
	ATP-dependent Clp protease ATP-binding subunit
	PRJNA1141375:AB6B24_10005
	0.0
	98.65
	
Lactococcus lactis


	5_87322_88623
	AB6B24_10015
	eno
	GH13_31


	surface-displayed alpha-enolase
	PRJNA1141375:AB6B24_10015
	0.0
	99.92
	
Lactococcus lactis


	5_99003_100265
	AB6B24_10065
	rpmG
	GT119
	FtsW/RodA/SpoVE family cell cycle protein


	PRJNA1141375:AB6B24_10065
	0.0
	
98.57


	Lactococcus lactis

	5_112874_115630
	AB6B24_10110
	
	GH1
	cation-transporting P-type ATPase
	PRJNA1141375:AB6B24_10110
	0.0
	98.37
	Lactococcus lactis

	5_117153_118373
	AB6B24_10120
	
	GT2
	glycosyltransferase family 2 protein
	PRJNA1141375:AB6B24_10120
	0.0
	98.20
	Lactococcus lactis

	5_118646_119539
	AB6B24_10125
	
	CE4
	polysaccharide deacetylase family protein
	PRJNA1141375:AB6B24_10125
	0.0
	97.99
	Lactococcus lactis

	5_127006_125588
	AB6B24_10160
	
	GH32
	sucrose-6-phosphate hydrolase
	PRJNA1141375:AB6B24_10160
	
	
	

	5_127185_129137
	AB6B24_10165
	
	GH13_31:


	sucrose-specific PTS transporter subunit IIBC
	PRJNA1141375:AB6B24_10165
	
	
	

	6_23868_22720
	AB6B24_10280
	nagA
	CE9
	N-acetylglucosamine-6-phosphate deacetylase
	PRJNA1141375:AB6B24_10280
	0.0
	98.00
	Lactococcus lactis

	6_27250_28191
	AB6B24_10300
	galU
	GT4
	UTP--glucose-1-phosphate uridylyltransferase                    GalU
	PRJNA1141375:AB6B24_10300
	0.0
	99.26
	Lactococcus lactis

	6_32733_31444
	AB6B24_10330
	
	CBM50+GH25


	LysM peptidoglycan-binding domain-containing                   protein
	PRJNA1141375:AB6B24_10330
	0.0
	91.78
	Lactococcus lactis

	6_75747_74821
	AB6B24_10605
	
	GH113
	1,4-beta-xylanase
	PRJNA1141375:AB6B24_10605
	
	
	

	6_85388_86017
	AB6B24_10645
	
	GH73
	glycoside hydrolase family 73 protein
	PRJNA1141375:AB6B24_10645
	0.0
	97.78
	
Lactococcus lactis


	6_88696_86060
	AB6B24_10650
	yoaB
	CBM50
	cation-translocating P-type ATPase
	PRJNA1141375:AB6B24_10650
	0.0
	98.86
	
Lactococcus lactis


	6_100924_100010
	AB6B24_10725
	
	GH25
	GH25 family lysozyme
	PRJNA1141375:AB6B24_10725
	
	
	

	7_5633_2940
	AB6B24_10795
	
	CBM50
	cation-translocating P-type ATPase
	PRJNA1141375:AB6B24_10795
	0.0
	98.00
	
Lactococcus lactis


	8_9672_12311
	AB6B24_11290
	
	GH5_11


	valine--tRNA ligase
	PRJNA1141375:AB6B24_11290
	0.0
	93.75
	Lactococcus lactis

	9_2765_825
	AB6B24_11440
	thrS
	GH28
	threonine--tRNA ligase
	PRJNA1141375:AB6B24_11440
	0.0
	98.66
	Lactococcus lactis

	11_20943_18718
	AB6B24_11965
	
	GT2
	glycosyltransferase family 2 protein
	PRJNA1141375:AB6B24_11965
	
	
	

	12_487_1434
	AB6B24_12000
	
	GT2
	glycosyltransferase family A protein
	PRJNA1141375:AB6B24_12000
	
	
	

	12_4893_6413
	AB6B24_12015
	asp1
	GT4
	accessory Sec system glycosyltransferase Asp1
	PRJNA1141375:AB6B24_12015
	
	83.88
	
Lactococcus lactis


	12_6436_8061
	AB6B24_12020
	asp1
	GT4
	accessory Sec system glycosyltransferase Asp1
	PRJNA1141375:AB6B24_12020
	0.0
	90.65
	Lactococcus lactis

	13_8167_6038
	AB6B24_12150
	fusA
	CE4
	elongation factor G
	PRJNA1141375:AB6B24_12150
	0.0
	99.53
	Lactococcus lactis

	15_632_2989
	AB6B24_12240
	
	CBM48+GH13


	alpha-amylase family glycosyl hydrolase
	PRJNA1141375:AB6B24_12240
	0.0
	96.41
	Lactobacillus delbrueckii subsp. delbrueckii


Table S6 Acid tolerance genes








