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[image: ]Figure S1. Bacterial community composition at genus level in 100-L flat-panel photobioreactors (FP-PBR) and 2.5-m³ tubular photobioreactors (T-PBR) under axenic control conditions or co-inoculated with the three-member consortium MC-3, over the cultivation period. The three inoculated strains are shown in shades of teal, the five most abundant background genera in the remaining colours, and all other genera together with unassigned sequences in grey. ASVs assigned to the same genus as an inoculated strain but distinct from it are labelled "other ASVs". Bars are the mean of the reactors that passed the 1,000-read threshold, and "n.d." marks sampling points at which no reactor reached that threshold. Chloroplast, mitochondrial and other host-derived sequences were removed before analysis, so abundances are expressed as a proportion of the bacterial community.
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Figure S2. Diversity of the resident bacterial community, defined as all ASVs other than the three inoculated strains, rarefied to 1,006 reads. (A, B) Shannon diversity index over the cultivation period in FP-PBRs (A) and T-PBRs (B), with small points showing individual reactors and open circles the treatment means at each sampling day. (C, D) Principal coordinates analysis of Bray-Curtis distances between reactor communities in FP-PBRs (C) and T-PBRs (D), with 68% confidence ellipses for each treatment and the PERMANOVA result given in each panel. Reactors retaining fewer than 1,000 reads after removal of the inoculated strains were excluded, so some sampling days are absent from the plots.


Table S1. Taxonomic identification of the 124 bacterial isolates recovered from industrial Chlorella sorokiniana cultures (tubular photobioreactors operated at 105 m3, Allmicroalgae, Portugal). Isolates were obtained by serial dilution plating on Plate Count Agar (PCA), purified by repeated single-colony streaking, and identified by Sanger sequencing of the 16S rRNA gene (primers 27F/1492R) followed by BLAST alignment against the NCBI 16S rRNA database. Query coverage (%) and pairwise identity (%) are reported for the top BLAST hit, and assignment to species level required ≥98% identity. Of the 124 isolates, 94 (75.8%) were assigned to species level, representing 48 unique species. The collection spans 22 genera across four phyla (Pseudomonadota, Bacteroidota, Actinomycetota, Bacillota).
	Isolate
	Query cover (%)
	Identity (%)
	Accession number
	Identification
	Gram

	C-1
	100
	99.86
	OR210930.1
	Chryseobacterium sp.
	−

	C-2
	100
	98.86
	CP035934.2
	Acinetobacter cumulans
	−

	C-3
	100
	98.21
	NR_115741.1
	Comamonas thiooxydans
	−

	C-4
	100
	99.60
	MK424289.1
	Microbacterium sp.
	−

	C-5
	92
	98.12
	CP044121.1
	Raoultella planticola
	−

	C-6
	100
	99.68
	OR660260.1
	Citrobacter pasteurii
	−

	C-7
	92
	98.40
	KT982245.1
	Bacillus cereus
	+

	C-8
	100
	99.67
	OL701271.1
	Citrobacter freundii
	−

	C-9
	98
	99.83
	CP134699.1
	Morganella morganii
	−

	C-10
	89
	99.81
	MT783973.1
	Bacillus cereus
	+

	C-11
	100
	98.10
	CP035934.2
	Acinetobacter cumulans
	−

	C-12
	100
	100.00
	OP059050.1
	Stenotrophomonas sp.
	−

	C-13
	98
	97.91
	KT982245.1
	Bacillus sp.
	+

	C-14
	98
	96.72
	MH337955.1
	Citrobacter sp.
	−

	C-15
	100
	100.00
	MT605340.1
	Acinetobacter guillouiae
	−

	C-16
	100
	100.00
	MT605340.1
	Acinetobacter guillouiae
	−

	C-17
	99
	99.47
	CP058278.1
	Flavobacterium inviolabile
	−

	C-18
	93
	97.76
	KU761531.1
	Klebsiella sp.
	−

	C-19
	91
	98.01
	OP762970.1
	Citrobacter freundii
	−

	C-20
	100
	98.97
	NR_029035.1
	Acinetobacter sp.
	−

	C-21
	100
	98.97
	NR_029035.1
	Quatrionicoccus sp.
	−

	C-22
	100
	99.03
	LS992078.1
	Morganella morganii
	−

	C-23
	100
	100.00
	NR_181111.1
	Stenotrophomonas sp.
	−

	C-24
	100
	100.00
	GU143686.1
	Microbacterium oxydans
	+

	C-25
	100
	99.09
	OL469792.1
	Klebsiella sp.
	−

	C-26
	97
	98.93
	MK178222.1
	Cloacibacterium normanense
	−

	C-27
	90
	98.54
	MK336718.1
	Delftia tsuruhatensis
	−

	C-28
	100
	98.39
	OR660260.1
	Citrobacter pasteurii
	−

	C-29
	87
	95.13
	MH633904.1
	Bacillus sp.
	+

	C-30
	100
	99.53
	MK618567.1
	Microbacterium sp.
	+

	C-31
	100
	98.79
	MG428904.1
	Aeromonas hydrophila
	−

	C-32
	100
	98.79
	NR_116584.1
	Exiguobacterium undae
	+

	C-33
	98
	98.04
	MN543870.1
	Microbacterium laevaniformans
	+

	C-34
	100
	98.39
	CP144176.1
	Aeromonas sp.
	−

	C-36
	99
	98.54
	LC507946.1
	Comamonas testosteroni
	−

	C-37
	100
	99.69
	KF679797.1
	Acinetobacter bohemicus
	−

	C-38
	96
	98.80
	OP948909.1
	Alcaligenes faecalis
	−

	C-39
	89
	97.89
	KC759400.1
	Enterobacter sp.
	−

	C-40
	97
	98.10
	MH050742.1
	Flavobacterium inviolabile
	−

	C-41
	90
	98.84
	NR_117031.1
	Flavobacterium oncorhynchi
	−

	C-42
	100
	98.69
	NR_199984.1
	Janthinobacterium tructae
	−

	C-43
	100
	100.00
	MK424289.1
	Microbacterium sp.
	+

	C-44
	99
	95.72
	NR_117776.1
	Acidovorax sp.
	−

	C-45
	88
	98.55
	PP033986.1
	Aeromonas hydrophila
	−

	C-46
	95
	98.21
	LC505495.1
	Aeromonas allosaccharophila
	−

	C-47
	100
	99.62
	NR_117031.1
	Flavobacterium oncorhynchi
	−

	C-48
	91
	98.20
	KX622787.1
	Acidovorax temperans
	−

	C-49
	100
	98.71
	OM250441.1
	Comamonas koreensis
	−

	C-50
	100
	99.53
	CP149436.1
	Enterobacter soli
	−

	C-52
	100
	99.75
	MH669290.1
	Achromobacter spanius
	−

	C-53
	92
	98.67
	MH669290.1
	Achromobacter mucicolens
	−

	C-54
	88
	98.20
	CP045771.1
	Citrobacter braakii
	−

	C-55
	100
	99.84
	NR_042187.1
	Cloacibacterium normanense
	−

	C-56
	100
	97.83
	NR_180509.1
	Citrobacter sp.
	−

	C-57
	100
	100.00
	NR_118011.1
	Enterobacter cloacae
	−

	C-58
	94
	98.80
	CP085284.1
	Acinetobacter haemolyticus
	−

	C-59
	92
	99.19
	MZ424504.1
	Citrobacter freundii
	−

	C-60
	100
	100.00
	NR_117031.1
	Flavobacterium oncorhynchi
	−

	C-62
	100
	100.00
	HQ202813.1
	Microbacterium oxydans
	+

	C-63
	100
	100.00
	NR_180640.1
	Klebsiella pasteurii
	−

	C-64
	91
	98.48
	LN998087.1
	Citrobacter freundii
	−

	C-65
	93
	98.81
	MT568560.1
	Raoultella ornithinolytica
	−

	C-66
	100
	99.26
	OP818110.1
	Acinetobacter guillouiae
	−

	C-67
	93
	98.43
	OP818110.1
	Acinetobacter guillouiae
	−

	C-68
	87
	98.98
	CP075188.1
	Quatrionicoccus australiensis
	−

	C-69
	100
	100.00
	AB680704.1
	Comamonas aquatica
	−

	C-70
	100
	100.00
	NR_179998.1
	Flavobacterium inviolabile
	−

	C-71
	100
	99.77
	NR_042187.1
	Cloacibacterium normanense
	−

	C-72
	100
	99.78
	NR_042187.1
	Cloacibacterium normanense
	−

	C-73
	99
	99.34
	NR_117031.1
	Flavobacterium oncorhynchi
	−

	C-75
	100
	99.10
	CP085284.1
	Acinetobacter sp.
	−

	C-76
	100
	99.69
	OP818101.1
	Acinetobacter guillouiae
	−

	C-77
	100
	100.00
	NR_179998.1
	Flavobacterium inviolabile
	−

	C-78
	100
	98.92
	KF026279.1
	Cloacibacterium normanense
	−

	C-79
	100
	99.52
	LN774168.1
	Pseudomonas stutzeri
	−

	C-80
	100
	99.56
	U22426.1
	Pseudomonas stutzeri
	−

	C-81
	100
	99.58
	U22426.1
	Pseudomonas stutzeri
	−

	C-82
	100
	100.00
	OP059050.1
	Stenotrophomonas chelatiphaga
	−

	C-83
	100
	100.00
	NR_180451.1
	Enterobacter hormaechei
	−

	C-84
	100
	100.00
	GQ268318.1
	Stenotrophomonas sp.
	−

	C-85
	100
	99.81
	NR_042187.1
	Cloacibacterium normanense
	−

	C-86
	100
	99.84
	NR_042187.1
	Cloacibacterium normanense
	−

	C-87
	100
	100.00
	OR660254.1
	Acinetobacter bohemicus
	−

	C-88
	88
	97.36
	OP314167.1
	Microbacterium sp.
	+

	C-89
	100
	99.34
	NR_179509.1
	Stenotrophomonas sp.
	−

	C-90
	100
	99.34
	NR_179509.1
	Stenotrophomonas sp.
	−

	C-91
	92
	98.49
	MN589846.1
	Microbacterium oxydans
	+

	C-92
	100
	100.00
	NR_178783.1
	Pseudomonas sp.
	−

	C-93
	91
	98.76
	MT256266.1
	Bacillus paramycoides
	+

	C-94
	92
	98.31
	MH734616.1
	Bacillus cereus
	+

	C-95
	100
	100.00
	OP164732.1
	Acinetobacter oryzae
	−

	C-96
	100
	99.46
	OP818110.1
	Acinetobacter guillouiae
	−

	C-97
	100
	100.00
	CP022053.2
	Stenotrophomonas sp.
	−

	C-98
	100
	99.26
	OP818110.1
	Acinetobacter guillouiae
	−

	C-99
	85
	97.47
	KJ127189.1
	Acinetobacter sp.
	−

	C-100
	93
	98.10
	OR807728.1
	Acinetobacter pittii
	−

	C-101
	100
	100.00
	NR_042387.1
	Acinetobacter pittii
	−

	C-102
	99
	100.00
	NR_157625.1
	Flavobacterium sp.
	−

	C-103
	100
	99.47
	NR_116584.1
	Aeromonas enteropelogenes
	−

	C-104
	100
	99.84
	CP141274.1
	Delftia lacustris
	−

	C-105
	100
	99.83
	MK424289.1
	Microbacterium maritypicum
	+

	C-106
	100
	100.00
	CP141274.1
	Delftia lacustris
	−

	C-107
	90
	98.13
	HG000007.1
	Exiguobacterium undae
	+

	C-108
	100
	99.84
	CP141274.1
	Delftia lacustris
	−

	C-109
	100
	99.84
	NR_117776.1
	Acidovorax radicis
	−

	C-110
	99
	99.24
	DQ841246.1
	Pseudomonas fluorescens
	−

	C-111
	93
	96.97
	FJ404811.1
	Acinetobacter sp.
	−

	C-112
	86
	98.23
	MT214329.1
	Microbacterium aurantiacum
	+

	C-113
	99
	99.37
	MN330090.1
	Comamonas sp.
	−

	C-114
	100
	99.61
	NR_115741.1
	Comamonas thiooxydans
	−

	C-115
	92
	98.20
	MF592270.1
	Cloacibacterium normanense
	−

	C-116
	100
	99.82
	CP050062.1
	Stenotrophomonas rhizophila
	−

	C-117
	94
	98.21
	CP050062.1
	Stenotrophomonas rhizophila
	−

	C-118
	89
	98.19
	CP050062.1
	Stenotrophomonas rhizophila
	−

	C-119
	88
	99.07
	CP050062.1
	Stenotrophomonas rhizophila
	−

	C-120
	100
	100.00
	KX622787.1
	Acidovorax temperans
	−

	C-121
	100
	100.00
	NR_179998.1
	Flavobacterium inviolabile
	−

	C-122
	100
	99.59
	OP818110.1
	Acinetobacter sp.
	−

	C-123
	100
	100.00
	CP174126.1
	Aeromonas mytilicola
	−

	C-124
	100
	99.50
	MK424289.1
	Microbacterium maritypicum
	−

	C-125
	100
	100.00
	KM515975.1
	Citrobacter youngae
	+

	C-126
	90
	98.94
	CP045771.1
	Citrobacter braakii
	−

	C-127
	98
	98.13
	CP067019.1
	Acinetobacter sp.
	−

	C-129
	100
	99.74
	NR_029035.1
	Quatrionicoccus australiensis
	−


n = 1 per isolate. Gram classification inferred from genus/species-level assignment.


Table S2. Heterotrophic growth kinetics of the 22 bacterial isolates that displayed measurable growth in Plate Count Broth (PCB; 30 °C, 150 rpm, 48 h). Growth rate (μ, day⁻¹) was calculated during the exponential phase from optical density (OD600) measurements, and doubling time (h) was derived as [ln(2) / μ] × 24. Values are mean ± SD (n = 3 independent cultures). Isolates are listed by isolate number. All 22 were taken forward to Phase I co-cultivation screening.
	Isolate
	Identification
	Growth rate μ (day⁻¹)
	Doubling time (h)

	C-8
	Citrobacter freundii
	0.700 ± 0.001
	23.76 ± 0.03

	C-28
	Citrobacter pasteurii
	0.519 ± 0.009
	32.09 ± 0.58

	C-37
	Acinetobacter bohemicus
	0.801 ± 0.011
	20.77 ± 0.28

	C-38
	Alcaligenes faecalis
	0.591 ± 0.009
	28.17 ± 0.44

	C-49
	Comamonas koreensis
	0.487 ± 0.049
	34.30 ± 3.42

	C-52
	Achromobacter spanius
	0.847 ± 0.006
	19.65 ± 0.14

	C-53
	Achromobacter mucicolens
	0.652 ± 0.006
	25.54 ± 0.22

	C-66
	Acinetobacter guillouiae
	0.824 ± 0.000
	20.18 ± 0.01

	C-81
	Pseudomonas stutzeri
	1.264 ± 0.050
	13.17 ± 0.52

	C-83
	Enterobacter hormaechei
	0.658 ± 0.037
	25.34 ± 1.43

	C-91
	Microbacterium oxydans
	1.236 ± 0.009
	13.46 ± 0.10

	C-95
	Acinetobacter oryzae
	0.997 ± 0.048
	16.71 ± 0.80

	C-96
	Acinetobacter guillouiae
	0.892 ± 0.033
	18.66 ± 0.70

	C-99
	Acinetobacter sp.
	0.671 ± 0.029
	24.80 ± 1.07

	C-104
	Delftia lacustris
	1.353 ± 0.034
	12.30 ± 0.31

	C-110
	Pseudomonas fluorescens
	0.603 ± 0.033
	27.61 ± 1.51

	C-112
	Microbacterium aurantiacum
	1.003 ± 0.038
	16.60 ± 0.63

	C-115
	Cloacibacterium normanense
	1.316 ± 0.058
	12.66 ± 0.55

	C-116
	Stenotrophomonas rhizophila
	0.727 ± 0.048
	22.93 ± 1.53

	C-123
	Aeromonas mytilicola
	0.552 ± 0.003
	30.15 ± 0.17

	C-124
	Microbacterium maritypicum
	1.086 ± 0.084
	15.37 ± 1.19

	C-125
	Citrobacter youngae
	0.742 ± 0.054
	22.48 ± 1.63




Table S3. Composition of the multi-strain bacterial consortia assembled from the six isolates retained after pairwise screening, for co-cultivation with C. sorokiniana. Consortia comprised three to six bacterial strains and were designed based on Phase I and Phase II results and interaction patterns.
	Consortium
	Composition (Bacterial Isolates)
	Bacterial strains number

	MC-1
	C-37 + C-110 + C-116
	3

	MC-2
	C-37 + C-49 + C-110
	3

	MC-3
	C-49 + C-110 + C-116
	3

	MC-4
	C-37 + C-38 + C-49 + C-99 + C-110 + C-116
	6

	MC-5
	C-38 + C-49 + C-110 + C-116
	4

	MC-6
	C-49 + C-99 + C-110
	3

	MC-7
	C-37 + C-38 + C-99
	3




Table S4. Specific growth rate (SGR, μ, day⁻¹) of Chlorella sorokiniana co-cultivated for 7 days with pairwise bacterial combinations or multi-strain consortia (MC-1 to MC-7) under autotrophic conditions (30 °C, 100 µmol photons m⁻² s⁻¹, 500 mL Erlenmeyer flasks). Fold-change (FC) and logFC were calculated relative to the axenic control μ  = 0.187 ± 0.006 day⁻¹) within the same experiment. Estimate and SE are derived from a linear mixed-effects model with treatment as a fixed effect and biological replicate as a random intercept. Pairwise comparisons against the control were adjusted using Šídák's correction. Significance codes: ns p ≥ 0.05; ** p < 0.01; *** p < 0.001. Treatments within each group are ranked by decreasing mean SGR. Values are mean ± SD (n = 3).
	Treatment
	n
	Mean SGR (day⁻¹)
	SD
	Fold-change
	logFC
	Estimate
	SE
	p-value
	Sig.

	Consortia

	MC-3
	3
	0.378
	0.003
	2.027
	0.706
	0.192
	0.008
	< 0.001
	***

	MC-4
	3
	0.341
	0.008
	1.829
	0.604
	0.155
	0.008
	< 0.001
	***

	MC-7
	3
	0.324
	0.005
	1.734
	0.550
	0.137
	0.008
	< 0.001
	***

	MC-2
	3
	0.320
	0.001
	1.713
	0.538
	0.133
	0.008
	< 0.001
	***

	MC-5
	3
	0.310
	0.010
	1.661
	0.507
	0.123
	0.008
	< 0.001
	***

	MC-6
	3
	0.307
	0.006
	1.643
	0.496
	0.120
	0.008
	< 0.001
	***

	MC-1
	3
	0.020
	0.010
	0.107
	−2.234
	−0.167
	0.008
	< 0.001
	***

	Pairwise combinations

	C37+C110
	3
	0.227
	0.006
	1.214
	0.194
	0.040
	0.008
	< 0.001
	***

	C110+C116
	3
	0.227
	0.015
	1.214
	0.194
	0.040
	0.008
	< 0.001
	***

	C37+C49
	3
	0.223
	0.006
	1.196
	0.179
	0.037
	0.008
	< 0.001
	***

	C99+C110
	3
	0.220
	0.010
	1.179
	0.164
	0.033
	0.008
	0.002
	**

	C116+C124
	3
	0.217
	0.015
	1.161
	0.149
	0.030
	0.008
	0.007
	**

	C99+C116
	3
	0.210
	0.010
	1.125
	0.118
	0.023
	0.008
	0.090
	ns

	C38+C49
	3
	0.207
	0.015
	1.107
	0.102
	0.020
	0.008
	0.239
	ns

	C38+C99
	3
	0.203
	0.015
	1.089
	0.086
	0.017
	0.008
	0.494
	ns

	C49+C110
	3
	0.203
	0.015
	1.089
	0.086
	0.017
	0.008
	0.494
	ns

	C49+C99
	3
	0.203
	0.006
	1.089
	0.086
	0.017
	0.008
	0.494
	ns

	C38+C124
	3
	0.197
	0.006
	1.054
	0.052
	0.010
	0.008
	0.950
	ns

	C49+C116
	3
	0.197
	0.006
	1.054
	0.052
	0.010
	0.008
	0.950
	ns

	C37+C124
	3
	0.190
	0.010
	1.018
	0.018
	0.003
	0.008
	1.000
	ns

	C49+C115
	3
	0.190
	0.000
	1.018
	0.018
	0.003
	0.008
	1.000
	ns

	C99+C115
	3
	0.190
	0.010
	1.018
	0.018
	0.003
	0.008
	1.000
	ns

	C115+C116
	3
	0.187
	0.006
	1.000
	0.000
	0.000
	0.008
	1.000
	ns

	C37+C99
	3
	0.187
	0.006
	1.000
	0.000
	0.000
	0.008
	1.000
	ns

	C49+C124
	3
	0.183
	0.015
	0.982
	−0.018
	−0.003
	0.008
	1.000
	ns

	C99+C124
	3
	0.183
	0.015
	0.982
	−0.018
	−0.003
	0.008
	1.000
	ns

	C110+C124
	3
	0.180
	0.000
	0.964
	−0.036
	−0.007
	0.008
	0.997
	ns

	C115+C124
	3
	0.180
	0.000
	0.964
	−0.036
	−0.007
	0.008
	0.997
	ns

	C37+C115
	3
	0.180
	0.000
	0.964
	−0.036
	−0.007
	0.008
	0.997
	ns

	C37+C38
	3
	0.180
	0.000
	0.964
	−0.036
	−0.007
	0.008
	0.997
	ns

	C38+C115
	3
	0.177
	0.006
	0.946
	−0.055
	−0.010
	0.008
	0.950
	ns

	C110+C115
	3
	0.170
	0.000
	0.911
	−0.094
	−0.017
	0.008
	0.494
	ns

	C37+C116
	3
	0.170
	0.000
	0.911
	−0.094
	−0.017
	0.008
	0.494
	ns

	C38+C110
	3
	0.170
	0.000
	0.911
	−0.094
	−0.017
	0.008
	0.494
	ns

	C38+C116
	3
	0.167
	0.006
	0.893
	−0.113
	−0.020
	0.008
	0.239
	ns




Table S5. Bliss independence interaction analysis for all pairwise and multi-strain bacterial combinations co-cultivated with Chlorella sorokiniana at Day 7. The expected logFC under Bliss independence was calculated as the sum of the individual strain logFC values (logFCexpected = Σ logFCsingle), assuming multiplicative, independent contributions, where logFC = ln(FC). ΔlogFC = logFCobserved − logFCexpected, so positive values indicate performance above the independence expectation, consistent with synergistic behaviour, and negative values indicate below-expected performance, from antagonism or competitive suppression. The Synergy Index (SI) is the ratio of the observed to the expected fold-change, with SI > 1 above expectation and SI < 1 below. Individual strain logFC values used to derive the Bliss expectations are not shown.
	Treatment
	Observed logFC
	Expected logFC (Bliss)
	ΔlogFC
	Synergy Index
	Interaction

	Consortia

	MC-3
	0.706
	0.398
	0.309
	1.362
	Above expectation

	MC-4
	0.604
	0.770
	−0.167
	0.846
	Below expectation

	MC-7
	0.550
	0.373
	0.178
	1.194
	Above expectation

	MC-2
	0.538
	0.251
	0.287
	1.332
	Above expectation

	MC-5
	0.507
	0.588
	−0.081
	0.922
	Below expectation

	MC-6
	0.496
	0.471
	0.026
	1.026
	Above expectation

	MC-1
	−2.234
	0.346
	−2.580
	0.076
	Below expectation

	Pairwise combinations

	C37+C110
	0.194
	0.182
	0.012
	1.012
	Above expectation

	C110+C116
	0.194
	0.329
	−0.134
	0.874
	Below expectation

	C37+C49
	0.179
	0.087
	0.093
	1.097
	Above expectation

	C99+C110
	0.164
	0.402
	−0.237
	0.789
	Below expectation

	C116+C124
	0.149
	0.373
	−0.224
	0.799
	Below expectation

	C99+C116
	0.118
	0.402
	−0.284
	0.753
	Below expectation

	C38+C49
	0.102
	0.187
	−0.085
	0.919
	Below expectation

	C38+C99
	0.086
	0.355
	−0.270
	0.764
	Below expectation

	C49+C110
	0.086
	0.233
	−0.148
	0.863
	Below expectation

	C49+C99
	0.086
	0.306
	−0.221
	0.802
	Below expectation

	C38+C124
	0.052
	0.327
	−0.274
	0.760
	Below expectation

	C49+C116
	0.052
	0.233
	−0.181
	0.834
	Below expectation

	C37+C124
	0.018
	0.226
	−0.209
	0.812
	Below expectation

	C49+C115
	0.018
	0.218
	−0.200
	0.818
	Below expectation

	C99+C115
	0.018
	0.386
	−0.369
	0.692
	Below expectation

	C115+C116
	0.000
	0.313
	−0.313
	0.731
	Below expectation

	C37+C99
	0.000
	0.255
	−0.255
	0.775
	Below expectation

	C49+C124
	−0.018
	0.278
	−0.296
	0.744
	Below expectation

	C99+C124
	−0.018
	0.446
	−0.464
	0.629
	Below expectation

	C110+C124
	−0.036
	0.373
	−0.409
	0.664
	Below expectation

	C115+C124
	−0.036
	0.358
	−0.394
	0.674
	Below expectation

	C37+C115
	−0.036
	0.167
	−0.203
	0.816
	Below expectation

	C37+C38
	−0.036
	0.135
	−0.172
	0.842
	Below expectation

	C38+C115
	−0.055
	0.267
	−0.322
	0.725
	Below expectation

	C110+C115
	−0.094
	0.313
	−0.407
	0.666
	Below expectation

	C37+C116
	−0.094
	0.182
	−0.276
	0.759
	Below expectation

	C38+C110
	−0.094
	0.282
	−0.376
	0.687
	Below expectation

	C38+C116
	−0.113
	0.282
	−0.395
	0.673
	Below expectation


Above expectation (SI > 1) shown in green.


Table S6. Specific growth rate and biochemical composition of Chlorella sorokiniana co-cultivated for 7 days with the multi-strain consortia MC-2, MC-3, MC-4 and MC-7, or grown as an axenic control, under autotrophic conditions (30 °C, 100 µmol photons m⁻² s⁻¹, 500 mL Erlenmeyer flasks, 250 mL working volume). These are the values underlying the per-trait Z-scores shown in Figure 4. Values are mean ± SD (n = 3 biological replicates) from an independent experiment with its own axenic control. Differences relative to the axenic control were assessed by one-way ANOVA followed by Dunnett's multiple comparisons test. Significance codes: ns p ≥ 0.05; * p < 0.05; ** p < 0.01; *** p < 0.001. n.d.: not detected (below the limit of quantification). All concentrations are expressed on a dry weight (DW) basis. MeCbl: methylcobalamin; CnCbl: cyanocobalamin; FAME: fatty acid methyl esters.
	Trait
	Unit
	Control
	MC-2
	MC-3
	MC-4
	MC-7

	Growth

	Specific growth rate
	day⁻¹
	0.193 ± 0.006
	0.303 ± 0.015***
	0.387 ± 0.012***
	0.363 ± 0.006***
	0.323 ± 0.025***

	Proximal composition

	Protein
	% DW
	33.4 ± 1.5
	40.4 ± 1.1**
	41.7 ± 1.4***
	39.8 ± 2.3**
	36.6 ± 1.8 ns

	Total lipids
	% DW
	17.2 ± 0.5
	15.9 ± 0.4 ns
	18.0 ± 0.1 ns
	17.6 ± 1.8 ns
	17.9 ± 0.9 ns

	Total FAME
	mg g⁻¹
	61.1 ± 2.6
	69.0 ± 1.8 ns
	59.8 ± 7.9 ns
	46.2 ± 4.4*
	46.0 ± 5.0*

	Vitamin B12

	MeCbl
	µg 100 g⁻¹
	64 ± 4
	477 ± 17***
	1242 ± 23***
	1132 ± 17***
	745 ± 22***

	CnCbl
	µg 100 g⁻¹
	160 ± 6
	311 ± 11***
	426 ± 10***
	274 ± 2***
	285 ± 0***

	Pigments

	Chlorophyll a
	mg g⁻¹
	3.017 ± 0.480
	3.803 ± 0.215 ns
	3.883 ± 0.525*
	3.787 ± 0.140 ns
	4.173 ± 0.175**

	Chlorophyll b
	mg g⁻¹
	1.967 ± 0.230
	2.127 ± 0.170 ns
	2.513 ± 0.215*
	2.323 ± 0.145 ns
	2.173 ± 0.215 ns

	Neoxanthin
	mg g⁻¹
	0.827 ± 0.060
	1.013 ± 0.015*
	0.837 ± 0.110 ns
	0.897 ± 0.040 ns
	0.977 ± 0.021*

	Violaxanthin
	mg g⁻¹
	0.357 ± 0.060
	0.317 ± 0.012 ns
	0.203 ± 0.006***
	n.d.***
	n.d.***

	Lutein
	mg g⁻¹
	2.677 ± 0.031
	2.663 ± 0.015 ns
	2.473 ± 0.185 ns
	2.513 ± 0.065 ns
	2.357 ± 0.200*

	α-carotene
	mg g⁻¹
	0.123 ± 0.006
	0.177 ± 0.006***
	0.177 ± 0.006***
	0.183 ± 0.006***
	0.187 ± 0.006***

	β-carotene
	mg g⁻¹
	4.093 ± 0.055
	4.127 ± 0.100 ns
	4.493 ± 0.225*
	3.647 ± 0.160**
	3.617 ± 0.031**
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Table S7. Time-course biochemical composition of Chlorella sorokiniana biomass cultivated in 100-L flat-panel photobioreactors (FP-PBR; Necton S.A., Olhão, Portugal; June 2024) under axenic control conditions or co-inoculated with the three-member consortium MC-3 (Comamonas koreensis C-49, Pseudomonas fluorescens C-110, Stenotrophomonas rhizophila C-116) at a 10:1 algal cell-to-bacterial CFU ratio. Biomass was sampled at Days 0, 1, 3, 5, and 7. All concentrations are expressed on a dry weight (DW) basis. Values are mean ± SD (n = 3 biological replicates). Pairwise comparisons between Control and MC-3 at each time point used linear mixed-effects models with Šídák-adjusted post hoc tests. Significance codes: ns p ≥ 0.05; ** p < 0.01; *** p < 0.001.
	Analyte
	Unit
	Day 0
	Day 1
	Day 3
	Day 5
	Day 7

	
	
	Control
	MC-3
	Sig.
	Control
	MC-3
	Sig.
	Control
	MC-3
	Sig.
	Control
	MC-3
	Sig.
	Control
	MC-3
	Sig.

	Proximate composition

	Ash
	%
	7.74 ± 0.28
	7.88 ± 0.42
	ns
	12.20 ± 0.19
	12.60 ± 0.15
	ns
	7.67 ± 1.04
	7.98 ± 0.37
	ns
	6.06 ± 0.21
	6.29 ± 1.22
	ns
	5.05 ± 0.11
	5.51 ± 1.30
	ns

	Protein
	%
	32.70 ± 0.36
	35.20 ± 0.13
	ns
	53.30 ± 1.20
	54.80 ± 0.20
	ns
	34.70 ± 1.64
	35.40 ± 1.20
	ns
	26.80 ± 0.64
	29.30 ± 1.48
	ns
	24.30 ± 1.40
	29.80 ± 2.10
	***

	Total lipids
	%
	8.92 ± 0.57
	9.37 ± 0.47
	ns
	11.80 ± 0.42
	11.70 ± 0.40
	ns
	14.30 ± 0.12
	13.70 ± 0.27
	ns
	14.40 ± 0.33
	14.10 ± 0.22
	ns
	18.00 ± 0.14
	17.30 ± 0.30
	ns

	Chlorophylls

	Chlorophyll a
	mg g⁻¹
	0.376 ± 0.071
	0.235 ± 0.011
	ns
	1.200 ± 0.077
	1.100 ± 0.052
	ns
	0.435 ± 0.059
	0.532 ± 0.051
	ns
	0.666 ± 0.096
	0.763 ± 0.068
	ns
	0.229 ± 0.008
	0.564 ± 0.061
	***

	Chlorophyll b
	mg g⁻¹
	0.117 ± 0.023
	0.057 ± 0.003
	**
	0.300 ± 0.033
	0.265 ± 0.032
	ns
	0.119 ± 0.015
	0.158 ± 0.007
	ns
	0.194 ± 0.030
	0.219 ± 0.023
	ns
	0.072 ± 0.006
	0.158 ± 0.007
	***

	Carotenoids

	β-Carotene
	mg g⁻¹
	0.046 ± 0.020
	0.807 ± 0.090
	***
	4.310 ± 0.429
	3.400 ± 0.117
	***
	1.570 ± 0.118
	1.800 ± 0.028
	ns
	1.940 ± 0.245
	2.590 ± 0.172
	**
	0.706 ± 0.043
	0.682 ± 0.042
	ns

	α-Carotene
	mg g⁻¹
	0.181 ± 0.063
	0.008 ± 0.002
	***
	0.051 ± 0.006
	0.059 ± 0.003
	ns
	0.012 ± 0.002
	0.017 ± 0.001
	ns
	0.022 ± 0.005
	0.022 ± 0.001
	ns
	0.004 ± 0.001
	0.013 ± 0.001
	ns

	Lutein
	mg g⁻¹
	0.841 ± 0.130
	0.505 ± 0.061
	**
	1.470 ± 0.118
	1.390 ± 0.095
	ns
	1.050 ± 0.150
	1.240 ± 0.161
	ns
	1.360 ± 0.037
	1.500 ± 0.037
	ns
	0.774 ± 0.039
	1.072 ± 0.057
	**

	Neoxanthin
	mg g⁻¹
	0.277 ± 0.039
	0.166 ± 0.022
	**
	1.190 ± 0.066
	1.030 ± 0.018
	***
	0.299 ± 0.059
	0.458 ± 0.019
	***
	0.645 ± 0.034
	0.711 ± 0.019
	ns
	0.226 ± 0.009
	0.655 ± 0.019
	***

	Violaxanthin
	mg g⁻¹
	0.079 ± 0.030
	1.234 ± 0.006
	ns
	8.783 ± 1.358
	7.440 ± 0.756
	ns
	2.068 ± 0.099
	2.794 ± 0.313
	ns
	5.665 ± 0.660
	6.006 ± 0.390
	ns
	1.819 ± 0.044
	5.089 ± 0.903
	***

	Zeaxanthin
	mg g⁻¹
	0.008 ± 0.002
	0.024 ± 0.003
	ns
	0.213 ± 0.014
	0.217 ± 0.037
	ns
	0.068 ± 0.009
	0.082 ± 0.003
	ns
	0.199 ± 0.013
	0.182 ± 0.006
	ns
	0.071 ± 0.004
	0.165 ± 0.006
	***

	Vitamin B₁₂

	MeCbl
	µg 100 g⁻¹
	827 ± 50
	859 ± 16
	ns
	900 ± 41
	1345 ± 34
	***
	947 ± 12
	1587 ± 24
	***
	1009 ± 27
	1635 ± 64
	***
	1065 ± 43
	1660 ± 46
	***

	CnCbl
	µg 100 g⁻¹
	604 ± 8
	684 ± 24
	**
	638 ± 18
	741 ± 44
	***
	762 ± 10
	767 ± 22
	ns
	874 ± 3
	905 ± 28
	ns
	953 ± 26
	1038 ± 11
	**



Table S8. Fatty acid composition (mg g⁻¹ DW) of Chlorella sorokiniana biomass from 100-L flat-panel photobioreactor (FP-PBR; Necton S.A., Olhão, Portugal; June 2024) pilot-scale trials under axenic control conditions or co-inoculated with the MC-3 consortium, sampled at Days 0, 1, 3, 5, and 7. Fatty acids were analysed as fatty acid methyl esters (FAMEs) by GC-MS (Scion TQ 456-GC, Bruker; ZB5-MS Plus column) following transesterification. Individual fatty acids are listed by carbon chain and degree of unsaturation, followed by the class sums (Σ SFA, Σ MUFA, Σ PUFA) and the PUFA/SFA ratio. Values are mean ± SD (n = 3 biological replicates). Pairwise comparisons between Control and MC-3 at each time point were based on linear mixed-effects models with Šídák correction. Significance codes: ns p ≥ 0.05; * p < 0.05. SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; n.d.: not detected above the limit of quantification.
	Fatty acid
	Class
	Day 0
	Day 1
	Day 3
	Day 5
	Day 7

	V
	
	Control
	MC-3
	Sig.
	Control
	MC-3
	Sig.
	Control
	MC-3
	Sig.
	Control
	MC-3
	Sig.
	Control
	MC-3
	Sig.

	C14:0
	SFA
	n.d.
	n.d.
	ns
	 n.d.
	0.07 ± 0.01
	ns
	0.23 ± 0.01
	0.23 ± 0.08
	ns
	0.19 ± 0.06
	0.19 ± 0.01
	ns
	0.19 ± 0.02
	0.20 ± 0.04
	ns

	C15:0
	SFA
	n.d.
	n.d.
	ns
	0.04 ± 0.01
	0.09 ± 0.01
	ns
	0.10 ± 0.03
	0.17 ± 0.08
	ns
	0.11 ± 0.02
	0.14 ± 0.05
	ns
	0.09 ± 0.03
	0.08 ± 0.02
	ns

	C16:0
	SFA
	10.79 ± 3.75
	13.76 ± 0.79
	ns
	11.94 ± 1.63
	12.36 ± 0.86
	ns
	24.14 ± 3.45
	27.14 ± 8.74
	ns
	30.65 ± 4.12
	26.89 ± 0.79
	ns
	26.20 ± 0.26
	26.49 ± 5.12
	ns

	C17:0
	SFA
	0.22 ± 0.02
	0.21 ± 0.04
	ns
	0.14 ± 0.02
	0.19 ± 0.02
	ns
	0.13 ± 0.02
	0.21 ± 0.10
	ns
	0.24 ± 0.09
	0.19 ± 0.04
	ns
	0.19 ± 0.03
	0.16 ± 0.03
	ns

	C18:0
	SFA
	1.61 ± 0.66
	2.20 ± 0.13
	ns
	1.04 ± 0.21
	1.30 ± 0.22
	ns
	1.13 ± 0.08
	1.33 ± 0.46
	ns
	1.62 ± 0.30
	1.47 ± 0.07
	ns
	1.68 ± 0.09
	1.97 ± 0.21
	ns

	C20:0
	SFA
	n.d.
	2.23 ± 0.12
	ns
	n.d.
	0.52 ± 0.14
	ns
	0.33 ± 0.06
	0.45 ± 0.21
	ns
	0.37 ± 0.06
	0.40 ± 0.11
	ns
	1.69 ± 0.09
	1.99 ± 0.21
	ns

	C22:0
	SFA
	n.d.
	0.01 ± 0.01
	ns
	n.d.
	n.d.
	ns
	0.15 ± 0.07
	0.13 ± 0.08
	ns
	0.15 ± 0.06
	0.09 ± 0.04
	ns
	0.21 ± 0.10
	0.24 ± 0.07
	ns

	C23:0
	SFA
	n.d.
	n.d.
	ns
	n.d.
	n.d.
	ns
	n.d.
	n.d.
	ns
	n.d.
	n.d.
	ns
	0.09 ± 0.02
	0.08 ± 0.02
	ns

	C24:0
	SFA
	n.d.
	0.25 ± 0.06
	ns
	n.d.
	n.d.
	ns
	0.54 ± 0.12
	0.65 ± 0.25
	ns
	0.66 ± 0.06
	0.67 ± 0.21
	ns
	0.60 ± 0.54
	0.70 ± 0.18
	ns

	C16:1
	MUFA
	2.52 ± 1.12
	3.36 ± 0.17
	ns
	4.22 ± 0.46
	5.26 ± 0.51
	ns
	1.61 ± 0.35
	2.82 ± 1.12
	ns
	1.49 ± 0.30
	1.80 ± 0.43
	ns
	1.75 ± 0.94
	2.34 ± 0.41
	ns

	C18:1
	MUFA
	4.52 ± 3.66
	5.39 ± 2.20
	ns
	0.57 ± 0.10
	0.71 ± 0.18
	ns
	5.22 ± 0.46
	5.19 ± 2.36
	ns
	6.60 ± 1.18
	5.76 ± 0.76
	ns
	7.69 ± 1.11
	5.85 ± 3.79
	ns

	C20:1
	MUFA
	n.d.
	 n.d.
	ns
	n.d.
	n.d.
	ns
	0.10 ± 0.03
	0.10 ± 0.03
	ns
	0.11 ± 0.02
	0.10 ± 0.04
	ns
	0.90 ± 0.05
	1.05 ± 0.11
	ns

	C16:2
	PUFA
	3.59 ± 1.39
	4.60 ± 0.18
	ns
	2.25 ± 0.34
	2.31 ± 0.18
	ns
	3.50 ± 0.46
	3.92 ± 1.15
	ns
	4.84 ± 0.70
	4.09 ± 0.34
	ns
	4.54 ± 0.11
	4.49 ± 0.16
	ns

	C16:3
	PUFA
	4.25 ± 1.50
	5.18 ± 0.26
	ns
	15.14 ± 1.67
	15.47 ± 1.34
	ns
	16.09 ± 2.38
	20.44 ± 6.75
	ns
	16.79 ± 2.42
	14.60 ± 1.26
	ns
	14.45 ± 0.36
	13.49 ± 3.04
	ns

	C18:2
	PUFA
	8.47 ± 1.92
	11.83 ± 2.54
	ns
	9.22 ± 1.67
	8.24 ± 0.28
	ns
	16.58 ± 2.47
	16.97 ± 5.82
	ns
	24.92 ± 2.79
	20.95 ± 1.84
	ns
	24.90 ± 0.36
	25.58 ± 4.02
	ns

	C18:3
	PUFA
	6.21 ± 1.97
	8.25 ± 0.78
	ns
	32.72 ± 4.19
	32.66 ± 1.62
	ns
	27.39 ± 2.94
	36.87 ± 10.50
	ns
	31.99 ± 4.05
	26.60 ± 3.87
	ns
	22.18 ± 0.52
	23.89 ± 6.74
	ns

	Fatty acid class sums

	Σ SFA
	12.61 ± 4.37
	18.66 ± 1.03
	ns
	13.17 ± 1.88
	14.53 ± 1.21
	ns
	26.75 ± 3.46
	30.31 ± 9.98
	ns
	33.98 ± 4.62
	30.03 ± 1.19
	ns
	30.95 ± 0.83
	31.92 ± 5.88
	ns

	Σ MUFA
	7.04 ± 4.71
	8.75 ± 2.22
	ns
	4.79 ± 0.55
	5.97 ± 0.54
	ns
	6.92 ± 0.63
	8.12 ± 3.50
	ns
	8.20 ± 1.46
	7.66 ± 0.37
	ns
	10.34 ± 1.88
	9.24 ± 3.68
	ns

	Σ PUFA
	22.52 ± 6.42
	29.87 ± 3.18
	ns
	59.33 ± 7.87
	58.67 ± 2.99
	ns
	63.57 ± 7.69
	78.20 ± 24.14
	ns
	78.54 ± 9.59
	66.24 ± 6.20
	ns
	66.08 ± 0.59
	67.45 ± 13.82
	ns

	PUFA/SFA
	1.81 ± 0.13
	1.60 ± 0.19
	ns
	4.51 ± 0.12
	4.05 ± 0.34
	ns
	2.38 ± 0.04
	2.59 ± 0.05
	*
	2.31 ± 0.03
	2.20 ± 0.13
	ns
	2.14 ± 0.05
	2.11 ± 0.04
	ns



Table S9. Macro- and micro-element composition of Chlorella sorokiniana biomass harvested under axenic control conditions or co-inoculated with the MC-3 consortium, in 100-L flat-panel photobioreactors (FP-PBR, n = 3 independent reactors, Day 7) and 2.5-m³ tubular photobioreactors (T-PBR, n = 2 independent reactor batches, Day 8). Mineral content was determined by microwave plasma–atomic emission spectrometry (MP-AES, Agilent 4200) following microwave-assisted acid digestion. Macro-elements are expressed as mg g⁻¹ DW and micro-elements as mg kg⁻¹ DW. Values are mean ± SD. Pairwise comparisons between Control and MC-3 within each reactor type used two-sample t-tests with Šídák correction. Significance codes: ns p ≥ 0.05. Elements below the limit of quantification are reported as <LOQ and were not compared statistically.
	
	
	FP-PBR (100 L)
	T-PBR (2.5 m³)

	Element
	Unit
	Control
	MC-3
	Sig.
	Control
	MC-3
	Sig.

	Macro-elements

	Ca
	mg g⁻¹
	9.34 ± 1.42
	8.51 ± 0.95
	ns
	18.92 ± 0.35
	23.94 ± 2.39
	ns

	Fe
	mg g⁻¹
	0.47 ± 0.04
	0.55 ± 0.13
	ns
	0.81 ± 0.00
	0.71 ± 0.02
	ns

	K
	mg g⁻¹
	8.28 ± 0.20
	7.88 ± 0.77
	ns
	10.66 ± 0.25
	10.68 ± 0.42
	ns

	Mg
	mg g⁻¹
	1.09 ± 0.06
	1.47 ± 0.11
	ns
	2.10 ± 0.01
	1.94 ± 0.18
	ns

	Na
	mg g⁻¹
	0.62 ± 0.11
	0.85 ± 0.33
	ns
	0.85 ± 0.01
	0.49 ± 0.21
	ns

	P
	mg g⁻¹
	11.23 ± 1.21
	11.40 ± 1.65
	ns
	10.45 ± 0.12
	8.23 ± 0.26
	ns

	Micro-elements

	Ag
	mg kg⁻¹
	<LOQ
	<LOQ
	ns
	0.38 ± 0.01
	0.64 ± 0.12
	ns

	Al
	mg kg⁻¹
	45.16 ± 11.72
	50.84 ± 2.33
	ns
	23.81 ± 5.85
	12.89 ± 2.22
	ns

	Ba
	mg kg⁻¹
	1.59 ± 0.26
	2.32 ± 1.45
	ns
	4.30 ± 0.07
	4.45 ± 0.61
	ns

	Be
	mg kg⁻¹
	0.39 ± 0.06
	0.42 ± 0.06
	ns
	0.48 ± 0.01
	0.42 ± 0.00
	ns

	Cd
	mg kg⁻¹
	<LOQ
	<LOQ
	ns
	<LOQ
	<LOQ
	ns

	Co
	mg kg⁻¹
	2.71 ± 1.57
	2.46 ± 1.32
	ns
	4.21 ± 0.66
	3.34 ± 1.01
	ns

	Cr
	mg kg⁻¹
	1.14 ± 0.30
	1.43 ± 0.60
	ns
	0.39 ± 0.04
	1.79 ± 1.14
	ns

	Cu
	mg kg⁻¹
	33.15 ± 2.40
	33.94 ± 2.52
	ns
	46.91 ± 1.53
	53.35 ± 0.54
	ns

	Mn
	mg kg⁻¹
	84.61 ± 12.26
	86.96 ± 12.18
	ns
	221.17 ± 2.20
	156.72 ± 74.55
	ns

	Ni
	mg kg⁻¹
	<LOQ
	<LOQ
	ns
	0.27 ± 0.16
	77.11 ± 107.18
	ns

	Pb
	mg kg⁻¹
	<LOQ
	<LOQ
	ns
	18.91 ± 1.73
	19.55 ± 0.54
	ns

	V
	mg kg⁻¹
	<LOQ
	<LOQ
	ns
	<LOQ
	<LOQ
	ns

	Zn
	mg kg⁻¹
	127.68 ± 8.68
	142.97 ± 35.46
	ns
	297.22 ± 0.88
	257.12 ± 114.84
	ns



Table S10. Time-course biochemical composition of Chlorella sorokiniana biomass cultivated in 2.5-m³ tubular photobioreactors (T-PBR; Allmicroalgae, Pataias, Portugal; August 2024) under axenic control conditions or co-inoculated with the MC-3 consortium, sampled at Days 0, 1, 3, 5, and 8. Values are mean ± SD (n = 2 independent reactor batches). Proximate composition is expressed as % of dry weight, and pigment and vitamin B12 contents on a dry weight basis. Pairwise comparisons between Control and MC-3 at each time point were derived from linear mixed-effects models with reactor as a random effect, with Šídák correction across the five time points. Significance codes: ns p ≥ 0.05; ** p < 0.01; *** p < 0.001. MeCbl: methylcobalamin; CnCbl: cyanocobalamin..
	Analyte
	Unit
	Day 0
	Day 1
	Day 3
	Day 5
	Day 8

	
	
	Control
	MC-3
	Sig.
	Control
	MC-3
	Sig.
	Control
	MC-3
	Sig.
	Control
	MC-3
	Sig.
	Control
	MC-3
	Sig.

	Proximate composition

	Ash
	%
	17.53 ± 0.11
	16.11 ± 0.06
	ns
	14.15 ± 0.01
	10.90 ± 1.68
	ns
	6.91 ± 0.77
	7.93 ± 0.50
	ns
	6.12 ± 0.10
	5.31 ± 0.52
	ns
	5.67 ± 0.11
	5.32 ± 0.66
	ns

	Protein
	%
	30.89 ± 0.92
	34.28 ± 4.07
	ns
	37.98 ± 1.74
	44.05 ± 0.79
	ns
	47.49 ± 3.52
	47.03 ± 0.49
	ns
	47.71 ± 1.08
	46.06 ± 0.29
	ns
	46.60 ± 0.64
	43.32 ± 0.16
	ns

	Total lipids
	%
	8.46 ± 1.50
	10.07 ± 0.36
	ns
	11.06 ± 0.45
	11.81 ± 0.42
	ns
	13.88 ± 0.17
	14.74 ± 0.22
	ns
	14.01 ± 0.55
	13.43 ± 0.32
	ns
	15.33 ± 0.18
	15.59 ± 0.33
	ns

	Chlorophylls

	Chlorophyll a
	mg g⁻¹
	0.186 ± 0.030
	0.199 ± 0.016
	ns
	0.215 ± 0.030
	0.306 ± 0.021
	ns
	0.185 ± 0.007
	0.244 ± 0.201
	ns
	0.289 ± 0.148
	0.417 ± 0.019
	ns
	1.041 ± 0.303
	0.850 ± 0.090
	ns

	Chlorophyll b
	mg g⁻¹
	0.092 ± 0.006
	0.095 ± 0.014
	ns
	0.147 ± 0.024
	0.211 ± 0.012
	ns
	0.160 ± 0.005
	0.162 ± 0.093
	ns
	0.225 ± 0.071
	0.207 ± 0.002
	ns
	0.288 ± 0.076
	0.252 ± 0.012
	ns

	Carotenoids

	β-Carotene
	mg g⁻¹
	0.033 ± 0.005
	0.041 ± 0.012
	ns
	0.081 ± 0.023
	0.126 ± 0.027
	ns
	0.141 ± 0.091
	0.094 ± 0.066
	ns
	0.093 ± 0.040
	0.131 ± 0.047
	ns
	0.180 ± 0.084
	0.117 ± 0.035
	ns

	α-Carotene
	mg g⁻¹
	0.192 ± 0.015
	0.207 ± 0.037
	ns
	0.342 ± 0.087
	0.484 ± 0.086
	ns
	0.514 ± 0.298
	0.338 ± 0.176
	ns
	0.543 ± 0.286
	0.536 ± 0.168
	ns
	0.557 ± 0.241
	0.407 ± 0.087
	ns

	Lutein
	mg g⁻¹
	0.989 ± 0.025
	1.177 ± 0.033
	ns
	1.460 ± 0.106
	1.619 ± 0.127
	ns
	1.310 ± 0.049
	1.268 ± 0.374
	ns
	1.470 ± 0.276
	1.518 ± 0.080
	ns
	1.571 ± 0.212
	1.453 ± 0.144
	ns

	Neoxanthin
	mg g⁻¹
	0.292 ± 0.007
	0.293 ± 0.023
	ns
	0.522 ± 0.087
	0.795 ± 0.045
	ns
	0.593 ± 0.097
	0.713 ± 0.461
	ns
	0.939 ± 0.356
	0.883 ± 0.057
	ns
	1.091 ± 0.342
	0.880 ± 0.257
	ns

	Violaxanthin
	mg g⁻¹
	0.054 ± 0.005
	0.055 ± 0.005
	ns
	0.143 ± 0.015
	0.198 ± 0.040
	ns
	0.059 ± 0.007
	0.068 ± 0.045
	ns
	0.087 ± 0.033
	0.101 ± 0.001
	ns
	0.121 ± 0.049
	0.092 ± 0.045
	ns

	Zeaxanthin
	mg g⁻¹
	0.008 ± 0.001
	0.012 ± 0.000
	ns
	0.025 ± 0.004
	0.034 ± 0.003
	ns
	0.021 ± 0.002
	0.021 ± 0.011
	ns
	0.029 ± 0.013
	0.028 ± 0.003
	ns
	0.036 ± 0.013
	0.024 ± 0.004
	ns

	Vitamin B₁₂

	MeCbl
	µg 100 g⁻¹
	660 ± 6
	666 ± 60
	ns
	658 ± 54
	789 ± 53
	ns
	769 ± 44
	1104 ± 76
	**
	842 ± 28
	1200 ± 112
	***
	975 ± 29
	1554 ± 66
	***

	CnCbl
	µg 100 g⁻¹
	555 ± 2
	543 ± 21
	ns
	547 ± 2
	548 ± 2
	ns
	614 ± 4
	611 ± 2
	ns
	630 ± 2
	689 ± 8
	***
	648 ± 3
	692 ± 3
	**



Table S11. Fatty acid composition (mg g⁻¹ DW) of Chlorella sorokiniana biomass from 2.5-m³ tubular photobioreactor (T-PBR; Allmicroalgae, Pataias, Portugal; August 2024) pilot-scale trials under axenic control conditions or co-inoculated with the MC-3 consortium, sampled at Days 0, 1, 3, 5, and 8. Fatty acids were analysed as fatty acid methyl esters (FAMEs) by GC-MS (Scion TQ 456-GC, Bruker; ZB5-MS Plus column) following transesterification. Individual fatty acids are listed by carbon chain and degree of unsaturation, followed by the class sums (Σ SFA, Σ MUFA, Σ PUFA) and the PUFA/SFA ratio. Values are mean ± SD (n = 2 independent reactor batches). Pairwise comparisons between Control and MC-3 at each time point were based on linear mixed-effects models with Šídák correction. Significance codes: ns p ≥ 0.05. SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; n.d.: not detected above the limit of quantification.
	Fatty acid
	Class
	Day 0
	Day 1
	Day 3
	Day 5
	Day 8

	
	
	Control
	MC-3
	Sig.
	Control
	MC-3
	Sig.
	Control
	MC-3
	Sig.
	Control
	MC-3
	Sig.
	Control
	MC-3
	Sig.

	C14:0
	SFA
	0.07 ± 0.08
	0.16 ± 0.15
	ns
	0.12 ± 0.12
	0.81 ± 0.43
	ns
	0.64 ± 0.08
	0.79 ± 0.28
	ns
	0.95 ± 0.65
	0.84 ± 0.07
	ns
	1.31 ± 0.03
	1.11 ± 0.02
	ns

	C15:0
	SFA
	0.06 ± 0.05
	0.05 ± 0.04
	ns
	0.06 ± 0.08
	0.48 ± 0.21
	ns
	0.41 ± 0.06
	0.34 ± 0.09
	ns
	0.42 ± 0.20
	0.40 ± 0.11
	ns
	0.77 ± 0.04
	0.79 ± 0.06
	ns

	C16:0
	SFA
	6.64 ± 3.83
	7.50 ± 2.73
	ns
	11.08 ± 0.58
	29.43 ± 10.92
	ns
	30.99 ± 1.34
	33.37 ± 7.76
	ns
	42.68 ± 24.59
	34.46 ± 4.78
	ns
	60.22 ± 1.59
	56.65 ± 5.91
	ns

	C17:0
	SFA
	0.14 ± 0.15
	0.11 ± 0.05
	ns
	0.22 ± 0.10
	0.59 ± 0.13
	ns
	0.42 ± 0.01
	0.48 ± 0.12
	ns
	0.57 ± 0.37
	0.25 ± 0.35
	ns
	0.93 ± 0.12
	0.77 ± 0.04
	ns

	C18:0
	SFA
	0.55 ± 0.50
	0.48 ± 0.69
	ns
	0.94 ± 0.47
	3.96 ± 2.06
	ns
	3.42 ± 0.71
	3.71 ± 0.87
	ns
	4.37 ± 3.11
	3.78 ± 0.14
	ns
	7.23 ± 1.62
	6.04 ± 0.38
	ns

	C20:0
	SFA
	n.d.
	n.d.
	ns
	n.d.
	0.15 ± 0.13
	ns
	0.15 ± 0.01
	0.16 ± 0.02
	ns
	0.32 ± 0.25
	0.24 ± 0.01
	ns
	0.35 ± 0.01
	0.30 ± 0.04
	ns

	C22:0
	SFA
	n.d.
	n.d.
	ns
	n.d.
	0.05 ± 0.07
	ns
	0.02 ± 0.01
	0.05 ± 0.00
	ns
	0.07 ± 0.09
	0.12 ± 0.05
	ns
	0.20 ± 0.03
	0.16 ± 0.01
	ns

	C23:0
	SFA
	n.d.
	n.d.
	ns
	n.d.
	n.d.
	ns
	n.d.
	n.d.
	ns
	n.d.
	n.d.
	ns
	0.19 ± 0.03
	0.16 ± 0.06
	ns

	C16:1
	MUFA
	0.98 ± 0.64
	1.27 ± 0.72
	ns
	4.05 ± 1.25
	11.06 ± 4.31
	ns
	9.58 ± 0.13
	7.47 ± 8.75
	ns
	9.40 ± 5.44
	7.14 ± 2.61
	ns
	13.77 ± 0.66
	12.97 ± 0.38
	ns

	C18:1
	MUFA
	0.88 ± 0.73
	0.98 ± 0.03
	ns
	0.84 ± 0.00
	3.07 ± 1.91
	ns
	4.20 ± 0.14
	4.40 ± 1.51
	ns
	5.86 ± 3.98
	5.05 ± 1.07
	ns
	8.75 ± 1.09
	10.24 ± 3.04
	ns

	C20:1
	MUFA
	n.d.
	n.d.
	ns
	0.18 ± 0.22
	0.08 ± 0.05
	ns
	0.12 ± 0.00
	0.11 ± 0.02
	ns
	0.17 ± 0.11
	0.12 ± 0.04
	ns
	0.32 ± 0.06
	0.23 ± 0.01
	ns

	C16:2
	PUFA
	1.24 ± 0.76
	1.19 ± 0.22
	ns
	1.58 ± 0.54
	3.98 ± 1.62
	ns
	3.90 ± 0.21
	4.60 ± 1.23
	ns
	7.72 ± 4.36
	7.27 ± 2.27
	ns
	11.27 ± 0.90
	13.88 ± 1.44
	ns

	C16:3
	PUFA
	4.26 ± 2.46
	3.91 ± 0.97
	ns
	14.04 ± 4.27
	33.52 ± 14.42
	ns
	30.92 ± 1.33
	35.76 ± 7.70
	ns
	32.91 ± 17.84
	27.81 ± 5.31
	ns
	45.29 ± 3.65
	40.40 ± 0.99
	ns

	C18:2
	PUFA
	3.78 ± 2.86
	3.74 ± 1.43
	ns
	9.38 ± 4.50
	19.74 ± 8.87
	ns
	16.58 ± 0.09
	16.92 ± 3.04
	ns
	26.49 ± 16.01
	24.16 ± 6.61
	ns
	40.49 ± 2.58
	47.14 ± 6.12
	ns

	C18:3
	PUFA
	5.48 ± 4.08
	4.60 ± 2.20
	ns
	26.51 ± 9.96
	41.51 ± 52.69
	ns
	58.25 ± 0.35
	62.17 ± 14.53
	ns
	59.20 ± 31.41
	55.56 ± 8.56
	ns
	92.64 ± 4.72
	81.81 ± 6.14
	ns

	Fatty acid class sums

	Σ SFA
	7.46 ± 4.62
	8.31 ± 3.66
	ns
	12.42 ± 0.20
	35.47 ± 13.94
	ns
	36.05 ± 2.19
	38.91 ± 9.15
	ns
	49.37 ± 29.26
	40.09 ± 5.06
	ns
	71.20 ± 3.03
	65.97 ± 6.05
	ns

	Σ MUFA
	1.86 ± 1.37
	2.25 ± 0.69
	ns
	5.07 ± 1.46
	14.21 ± 6.27
	ns
	13.90 ± 0.01
	11.97 ± 10.28
	ns
	15.43 ± 9.53
	12.30 ± 1.58
	ns
	22.84 ± 0.49
	23.44 ± 2.65
	ns

	Σ PUFA
	14.76 ± 10.15
	13.43 ± 4.82
	ns
	51.50 ± 19.25
	98.75 ± 77.61
	ns
	109.65 ± 1.09
	119.44 ± 26.51
	ns
	126.32 ± 69.62
	114.80 ± 22.74
	ns
	189.69 ± 11.85
	183.24 ± 0.42
	ns

	PUFA/SFA
	1.93 ± 0.17
	1.65 ± 0.15
	ns
	4.16 ± 1.62
	2.55 ± 1.19
	ns
	3.05 ± 0.22
	3.07 ± 0.04
	ns
	2.60 ± 0.13
	2.85 ± 0.21
	ns
	2.67 ± 0.28
	2.79 ± 0.25
	ns



Table S12. Phytohormone composition of Chlorella sorokiniana biomass harvested at Day 8 from 2.5-m³ tubular photobioreactors (T-PBR; Allmicroalgae, Pataias, Portugal; August 2024) under axenic control conditions or co-inoculated with the MC-3 consortium (n = 2 independent reactor batches). Phytohormones were quantified by validated UHPLC at InnoPlant (Tecnología e Investigación Agrícola, Spain). Values are mean ± SD. Pairwise comparisons between Control and MC-3 used two-sample t-tests with Šídák correction. Significance codes: ns p ≥ 0.05; * p < 0.05. ACC: 1-aminocyclopropane-1-carboxylic acid; ABA: abscisic acid; SA: salicylic acid; JA: jasmonic acid; GA: gibberellin; iP: isopentenyladenine; IAA: indole-3-acetic acid.
	Phytohormone
	Unit
	Control (Day 8)
	MC-3 (Day 8)
	Sig.

	ACC
	µg g⁻¹ DW
	866.5 ± 22.2
	461.4 ± 20.1
	*

	ABA
	µg g⁻¹ DW
	78.7 ± 3.0
	79.8 ± 5.3
	ns

	SA
	µg g⁻¹ DW
	60.9 ± 12.4
	19.1 ± 2.4
	ns

	JA
	µg g⁻¹ DW
	369.9 ± 13.2
	367.1 ± 38.3
	ns

	GA1
	µg g⁻¹ DW
	45.9 ± 1.7
	65.8 ± 3.2
	ns

	GA3
	µg g⁻¹ DW
	0.164 ± 0.009
	0.279 ± 0.013
	*

	GA4
	µg g⁻¹ DW
	0.100 ± 0.013
	0.349 ± 0.012
	*

	trans-Zeatin
	µg g⁻¹ DW
	4715.0 ± 218.4
	5956.0 ± 219.2
	ns

	iP
	µg g⁻¹ DW
	3497.5 ± 334.3
	2515.6 ± 162.5
	ns

	IAA
	µg g⁻¹ DW
	131.2 ± 2.7
	182.1 ± 6.2
	*



Table S13. Relative abundance (% of the bacterial community) of the ASVs matching the three MC-3 consortium strains (C-49, C-110 and C-116) during pilot-scale validation in 100-L flat-panel photobioreactors (FP-PBR) and 2.5-m³ tubular photobioreactors (T-PBR), under axenic control conditions or co-inoculated with the three-member consortium MC-3, sampled at 2 h and on Days 1 to 7. Chloroplast, mitochondrial and other host-derived sequences were removed before analysis, so abundances are expressed as a proportion of the bacterial community. Values are mean ± SD across independent reactors, and Total is the summed relative abundance of the three ASVs. The number of reactors contributing to each mean varied from two to three in FP-PBRs and from one to two in T-PBRs, depending on how many reactors reached 1,000 bacterial reads. Means derived from a single reactor are given without SD.

	Strain
	2 h
	Day 1
	Day 2
	Day 3
	Day 4
	Day 5
	Day 6
	Day 7

	
	Control
	MC-3
	Control
	MC-3
	Control
	MC-3
	Control
	MC-3
	Control
	MC-3
	Control
	MC-3
	Control
	MC-3
	Control
	MC-3

	FP-PBR (100 L)

	C-49
	-
	4.0 ± 1.7
	-
	4.4 ± 1.1
	0.0 ± 0.0
	2.8 ± 0.6
	0.0 ± 0.0
	1.8 ± 0.5
	0.0 ± 0.0
	1.0 ± 1.4
	0.0 ± 0.0
	1.1 ± 0.5
	0.0 ± 0.0
	0.6 ± 0.4
	0.0 ± 0.0
	0.3 ± 0.1

	C-110
	-
	22.0 ± 0.9
	-
	59.6 ± 7.6
	0.3 ± 0.1
	69.1 ± 5.7
	0.0 ± 0.1
	73.8 ± 4.6
	0.0 ± 0.0
	65.5 ± 5.2
	0.1 ± 0.1
	63.8 ± 5.5
	0.0 ± 0.0
	59.7 ± 5.7
	0.1 ± 0.1
	57.9 ± 3.3

	C-116
	-
	2.3 ± 0.4
	-
	3.5 ± 1.2
	0.0 ± 0.0
	4.3 ± 0.5
	0.0 ± 0.0
	8.9 ± 3.6
	0.0 ± 0.0
	16.5 ± 2.3
	0.0 ± 0.0
	19.6 ± 2.6
	0.0 ± 0.0
	20.6 ± 2.1
	0.0 ± 0.0
	21.9 ± 2.9

	Total
	-
	28.3 ± 2.2
	-
	67.5 ± 5.6
	0.3 ± 0.1
	76.2 ± 4.9
	0.0 ± 0.1
	84.6 ± 1.3
	0.0 ± 0.0
	83.0 ± 6.0
	0.1 ± 0.1
	84.5 ± 6.3
	0.0 ± 0.0
	80.9 ± 5.4
	0.2 ± 0.1
	80.2 ± 4.5

	T-PBR (2.5 m³)

	C-49
	-
	48.6 ± 6.0
	-
	34.3 ± 1.0
	0.0
	54.5 ± 27.8
	0.0
	37.4 ± 8.7
	0.0 ± 0.0
	2.3 ± 1.2
	0.0 ± 0.0
	0.4 ± 0.5
	0.0 ± 0.0
	1.0 ± 1.1
	0.2 ± 0.2
	2.3 ± 3.3

	C-110
	-
	43.9 ± 2.3
	-
	60.3 ± 1.1
	0.0
	34.6 ± 33.9
	0.2
	21.3 ± 24.4
	0.1 ± 0.1
	2.4 ± 0.8
	0.1 ± 0.1
	3.4 ± 4.4
	0.0 ± 0.0
	3.2 ± 4.6
	0.0 ± 0.0
	3.3 ± 4.5

	C-116
	-
	7.5 ± 3.7
	-
	5.2 ± 0.0
	0.0
	8.0 ± 3.5
	0.0
	32.3 ± 6.5
	0.0 ± 0.0
	10.0 ± 5.4
	0.0 ± 0.0
	5.4 ± 6.6
	0.0 ± 0.0
	6.3 ± 2.6
	1.8 ± 2.5
	3.6 ± 5.2

	Total
	-
	100.0 ± 0.0
	-
	99.9 ± 0.1
	0.0
	97.1 ± 2.6
	0.2
	91.1 ± 9.2
	0.1 ± 0.1
	14.6 ± 7.5
	0.1 ± 0.1
	9.2 ± 11.6
	0.0 ± 0.0
	10.6 ± 8.3
	2.0 ± 2.8
	9.2 ± 13.0


Dashes indicate sampling points at which no reactor reached 1,000 bacterial reads. Those points were excluded from the analysis.
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