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Supplementary Methods S1: High-throughput limiting dilution and traditional plating methods

S1.1 High-throughput limiting dilution (HLD)
For isolation from roots, a sterile scalpel was used to excise three segments from each of the apical and basal regions of collected roots. For leaves, five 1 cm2 sections were excised from healthy tissue. For root isolations using one-tenth-strength tryptic soy broth (1/10 TSB), samples were washed to restrict cultivation to endorhizosphere bacteria. Root samples were washed in 50 mL Falcon tubes for 15 min on an orbital shaker (180 rpm) at room temperature, first with 30 mL dH₂O and then three times with 30 mL phosphate-buffered saline (PBS; Supplementary Methods S2). Washing was omitted for root isolations using R2B to enable recovery from the whole root-associated microbiome.

Tissue samples were macerated with a sterile scalpel, and 0.02 g of tissue was suspended in 200 µL of 10 mM MgCl₂ (ChemSupply, MA029) in a 1.5 mL microcentrifuge tube and homogenised using a pellet pestle. The resulting slurry was transferred to 25 mL of 10 mM MgCl2 in a 50 mL Falcon tube and incubated at room temperature for 15 min.

Three inoculum dilutions were prepared, corresponding to one-third of the predetermined optimal dilution (1/3 OD), the optimal dilution (OD), and three times the optimal dilution (3X OD). The optimal dilution had been determined in preliminary experiments as that resulting in visible bacterial growth in approximately 30–50% of wells. Each dilution was prepared in a 1 L bottle of liquid cultivation medium and mixed thoroughly to distribute bacterial cells throughout the medium. For each dilution, 160 µL was dispensed into each well of 45 x 96-well culture plates using a multichannel pipette, giving 4,320 culture wells per dilution. Plates were incubated at 24°C for 14 days alongside three negative-control plates containing 160 µL of uninoculated medium per well.

Following incubation, the dilution yielding visible bacterial growth in 30–50% of wells was selected for DNA extraction and preparation of glycerol stocks. For leaf isolations using R2B, growth was substantially lower than this target across all three dilutions (1/3 OD, 2.80%; OD, 6.88%; 3X OD, 8.50% of wells showing visible bacterial growth). Consequently, all wells showing growth across the three dilutions were retained for DNA extraction and glycerol stock preparation.

Preliminary HLD experiment: A preliminary experiment was conducted to determine suitable dilutions for HLD cultivation of bacteria from banana roots and leaves. Samples were prepared as described for the main HLD experiments. Six dilutions (X54,000, X18,000, X6,000, X2,000, X666, and X222) of the tissue suspension in 25 mL of 10 mM MgCl₂ were prepared in 1 L bottles of liquid cultivation medium and mixed thoroughly to distribute bacterial cells throughout the medium. For each dilution, 160 µL was dispensed into each well of three 96-well culture plates using a multichannel pipette. Plates were incubated at 24°C for 14 days with shaking at 20 rpm, alongside three negative-control plates containing 160 µL of uninoculated medium per well.

The optimal dilution was defined as that yielding visible bacterial growth in 30–50% of wells, providing a balance between community recovery and the likelihood of obtaining pure cultures1. Assuming cells are distributed among wells according to a Poisson distribution, approximately 5% of wells are expected to contain mixed cultures when 30% of wells show growth2. Based on the preliminary experiments (Table S1), root isolations were subsequently performed using X54,000, X18,000, and X6,000 dilutions, corresponding to one-third, one, and three times the optimal inoculum concentration, respectively. Leaf isolations were performed using X222, X148, and X111 dilutions (Table S1).

[bookmark: _Toc225287070]Table S1 Percentage of wells showing visible bacterial growth in preliminary HLD experiments. Preliminary experiments were conducted using root or leaf tissue and either one-tenth-strength tryptic soy broth (TSB) or Reasoner’s 2A broth (R2B), as indicated. Values represent the percentage of inoculated wells showing visible bacterial growth after 14 days of incubation. 
	Dilution
	Roots-TSB
	Roots-TSB
	Leaves-TSB
	Leaves-R2B

	x54000
	6.90
	20.14
	0.00
	0.35

	x18000
	29.50
	52.43
	0.69
	0.00

	x6000
	59.70
	87.50
	0.69
	1.04

	x2000
	96.18
	100.00
	5.21
	4.51

	x666
	100.00
	100.00
	9.02
	7.99

	x222
	100.00
	100.00
	21.15
	25.35




S1.2 Traditional plating from roots 
A sterile scalpel was used to excise three 3 g segments from each of the apical and basal regions of collected roots. Root apex and base samples were processed separately. Samples were macerated and homogenised using a sterile mortar and pestle. A 0.01 g subsample of macerated tissue was serially diluted in dH2O (10-1, 10-2, 10-3, 10-4). For each dilution, 90 µL was spread evenly onto each of three agar plates using a sterile L-shaped cell spreader. Across apex and base samples, a total of 24 plates were prepared for each medium.

Plates were incubated at 24°C and examined daily for two days. Bacterial colonies were picked using a flame-sterilised loop and transferred to fresh agar plates containing the corresponding cultivation medium. Further colony picking was prevented by a local COVID-19 lockdown in March 2021. Consequently, isolates recovered from this experiment were restricted to colonies that grew within the first two days of incubation.

S1.3 Traditional plating from leaves 
The isolation method was adapted from Mullen et. al. (2004)3. A sterile scalpel was used to excise five 1 cm2 sections of healthy tissue from each of the three collected leaves. Samples were washed by immersion in dH₂O for 5 s and blotted dry on sterile paper towels. Each tissue section was transferred to a separate 1.5 mL microcentrifuge tube containing 1 mL dH2O, homogenised using a pellet pestle, and incubated at room temperature for 5 min. The resulting suspensions were spread evenly across three agar plates per medium using a sterile L-shaped cell spreader. A total of 15 plates were prepared for each medium.
Plates were incubated at 24°C and examined daily for seven days. Bacterial colonies were picked using a flame-sterilised loop and transferred to fresh agar plates containing the corresponding cultivation medium. Further recovery of slower-growing colonies was prevented by a national COVID-19 lockdown in late March 2020.
 

Supplementary Methods S2: Preparation of cultivation buffers and media

Phosphate Buffered Saline (composition per 1 L dH20)
· NaCl (ChemSupply, SA046)							8 g
· KCl (ChemSupply, PA054)							0.2 g
· Na2HPO4 (Sigma Aldrich S0751)						1.44 g
· KH2PO4 (ChemSupply, PA009)						0.24 g
Solution is adjusted to pH 7.4 and then sterilised by autoclaving at 121°C for 20min.

1/10th Tryptic Soy Broth (TSB1/10th) (composition per 1 L dH20)
· Tryptic Soy Broth (MERK, 105459)						3 g 
Solution is sterilised by autoclaving at 121°C for 20 min.

Reasoner's 2A Broth (R2B) (composition per 1 L dH20)
· R2A Broth DAIGO (FUJIFILM Wako, 395-01681)				 3.2 g 
Solution is sterilised by autoclaving at 121°C for 20 min.
[bookmark: _Hlk131418771]
¼ Potato Dextrose Agar (PDA¼) (composition per 1 L dH20)
· Potato Dextrose Broth (Sigma Aldrich, P6685)				6 g 
· Agar (Sigma Aldrich, A1296)							15 g 
Solution is sterilised by autoclaving at 121°C for 20min.

The following solid agar media used in traditional plating isolation experiments were amended with cycloheximide (50 mg/L) after autoclaving to prevent the growth of fast-growing contaminating fungi.

Reasoner's 2A Agar (R2A) (composition per 1 L dH20)
· R2A agar (MERK, 100416)							18.2 g
Solution is sterilised by autoclaving at 121°C for 20min.

Czapek Dox Agar (CD) (composition per 1 L dH20)
· NaNO3 (BDH Laboratory Supplies, 102554U)				3 g
· K2HPO4 (Fisher Scientific, BP363) 						1 g 
· MgSO4•7H2O (ChemSupply, MA048)						0.5 g
· KCl (ChemSupply, PA054)							0.5 g 
· FeSO4•7H2O (ChemSupply, FL001)						0.1 g
· Sucrose (ChemSupply, SA030)						30 g 
· Agar (Sigma Aldrich, A1296)							15 g
Solution is sterilised by autoclaving at 121°C for 20min.

Methanol mineral salts agar (MMS) (composition per 1 L dH20)
· Agar (Sigma-Aldrich, A1296)							15 g
· K2HPO4 (Fisher Scientific, BP363) 						1.2 g
· KH2PO4 (ChemSupply, PA009)						0.62 g
· CaCl2.6H2O	(Thermo Scientific Chemicals, 389262500)		0.05 g	
· MgSO4.7H2O (ChemSupply, MA048)						0.2 g
· NaCl (ChemSupply, SA046)							0.1 g
· Trace minerals 									1 mL
Trace mineral solution (composition per 1 L dH20):
· FaCl3.6H2O (Thermo Scientific Chemicals, 423700050) 		1 g
· (NH4)2SO4 (Thermo Scientific Chemicals, 423400250)		0.5 mg
· CuSO4.5H2O (ChemSupply, CA068)					5 mg
· MnSO4.4H2O (Thermo Scientific Chemicals, AAB2208136)	9.25 mg
· Na2MoO4.2H2O (Thermo Scientific Chemicals, 206371000)	8.17 mg
· H3BO3 (ChemSupply, BL031)						10 mg
· ZnSO4.7H2O (MERCK, 1.08883)					70 mg
· CoCl2.6H2O (Thermo Scientific Chemicals, 192091000)		5 mg	
Solution is sterilised by autoclaving at 121°C for 20 min and cooled to 50°C. The filter sterilised trace mineral solution is added to the media along with 2 mL of sterile methanol (MERCK, 179957). The pH of the media is adjusted to pH 7.0.

Glucose-Yeast-Malt Agar (GYM) (composition per 1 L dH20):
· D-Glucose Anhydrous (ChemSupply, GA018)				4 g
· Yeast extract	(Sigma Aldrich, 70161)					4 g
· OXIDTM Malt extract (Thermo Scientific Chemicals, LP0039B)		10 g
· CaCO3 (Sigma Aldrich, C4830)						2 g
· Agar (Sigma Aldrich, A1296)							12 g
Adjust solution to pH 7.2 before adding agar. Solution is sterilised by autoclaving at 121°C for 20 min.



Mineral Medium Agar pH 7.25 (MMA) (composition per 1 L dH20):
· Agar (Sigma Aldrich, A1296)							15 g
· Na2HPO4.2H2O (MERCK, 1.06342)						3.5 g
· KH2PO4 (ChemSupply, PA009)						1 g
· (NH4)2SO4 (Thermo Scientific Chemicals, 423400250)			0.5 g
· MgCl2.6H2O (ChemSupply, MA029)						0.1 g
· Ca(NO3)2.4H2O (Sigma Aldrich, C1396)					0.05 g
· Trace element solution SL-4							1 mL
Trace Elements Solution SL-4 (composition per 1 L dH20):
· 0.5 M EDTA pH 8.0 (Thermo Scientific Chemicals, AM9260G)	3.422 mL
· FeSO4.7H2O (ChemSupply, FL001)					0.2 g
· Trace elements solution SL-6							100 mL
Trace Elements Solution SL-6 (composition per 1 L dH20):
· MnCl2.4H2O (ChemSupply, MA042)					0.5 g
· H3BO3 (ChemSupply, BL031)						0.3 g
· CoCl2.6H2O (Thermo Scientific Chemicals, 192091000)		0.2 g	
· ZnSO4.7H2O (MERCK, 1.08883)					0.1 g
· Na2MoO4.2H2O (Thermo Scientific Chemicals, 206371000)	0.03 g	
· NiCl2.6H2O (Thermo Scientific Chemicals, 207670250)		0.02 g	
· CuCl2.2H2O (Thermo Scientific Chemicals, A16064)		0.01 g
All components are added to dH2O and brought to 1 L, and pH is adjusted to pH 7.25 ± 0.2 at 25ºC. The Solution is sterilised by autoclaving at 121°C for 20 min.



Allantoin Agar (AA) (composition per 1 L dH20):
· Agar (Sigma Aldrich, A1296)							15 g
· Na2HPO4.12H2O (Thermo Scientific Chemicals, 447255000)		9 g	
· NaCl (ChemSupply, SA046)							5 g
· KH2PO4 (ChemSupply, PA009)						1.5 g
· Beef extract (ChemSupply, BL062)						1 g
· Yeast extract	(Sigma Aldrich, 70161)					1 g
· MgSO4.7H2O	 (ChemSupply, MA048)					0.2 g
· MnCl2.4H2O (ChemSupply, MA042)						20 mg
· CaCl2.6H2O (Thermo Scientific Chemicals, 389262500)			1.2 mg
· Glucose-allantoin solution							100 mL
Glucose-Allantoin solution (composition per 100 mL dH20):
· D-Glucose Anhydrous (ChemSupply, GA018)			5 g
· Allantoin (Thermo Scientific Chemicals, 102841000)		1 g
Solution is sterilised by autoclaving at 121°C for 20 min. Once the solution was cooled to 50°C, the glucose-allantoin solution is added aseptically. Glucose-allantoin solution is prepared by filter sterilising the solution and warming to 50ºC.

Enterobacter Agar (EA) (composition per 800 mL dH20):
· Peptone from casein pancreatically digested (MERK, 1.02239)		2 g
· K2HPO4 (Fisher Scientific, BP363) 						1.4 g
· K2SO4 (AJAX-Finechem (Univar), AJA417)					1 g
· Yeast extract (Sigma Aldrich, 70161)						1 g
· KH2PO4 (ChemSupply, PA009)						0.6 g
· MgSO4 (ChemSupply, MA00801000)						0.5 g	
· Glycerol AR (Glycerine) (ChemSupply, GA010-2.5L-P)			20 mL
· Agar (Sigma Aldrich, A1296)							15 g
Solution is sterilised by autoclaving at 121°C for 20 min and cooled to 50°C.


Supplementary Methods S3: Identification of putative core isolates

S3.1 DNA extraction
DNA was extracted from each culture using the alkaline lysis method described by Zhang et al.1.  Briefly, 16 µL of alkaline lysis reagent (25 mM NaOH, 0.2 mM disodium EDTA, pH 12) was added to 10 µL of liquid bacterial culture and heated at 95°C for 30 min. Samples were cooled on ice before adding 16 µL of neutralisation reagent (40 mM Tris-HCl, pH 7.5). Samples were mixed, and the resulting lysate was used as the DNA template.   

S3.2 Amplicon sequencing
16S rRNA gene products were amplified by PCR using modified 799F (5’- AAC MGG ATT AGA TAC CCK G-3’) and 1193R (5’- ACG TCA TCC CCA CCT TCC-3’) primers as previously described4. Each 10 µL PCR contained 1 µL DNA template, 1X Phire Green reaction buffer (Invitrogen), 0.5 µM of each primer, 200 µM dNTPs, 0.2 µL Phire Green Hot Start II DNA Polymerase (Invitrogen), and molecular biology-grade water. Thermocycling conditions were 98°C for 45 s; 30 cycles of 98°C for 5 s, 56°C for 5 s, and 72°C for 6 s; followed by a final extension at 72°C for 1 min. PCR products were purified using an 18% suspension of Sera-Mag SpeedBeads Carboxyl Magnetic Beads (GE Healthcare) at a bead-to-sample ratio of 1.8:1 and subjected to dual indexing using the Nextera XT Index Kit (Illumina) according to the manufacturer’s instructions. Indexed libraries were pooled and purified using an 18% suspension of Sera-Mag SpeedBeads Carboxyl Magnetic Beads as described above. Sequencing was performed on an Illumina MiSeq using a MiSeq Reagent Kit v3 (600 cycles; Illumina) with 8 pM libraries spiked with 25% PhiX Control v3 (Illumina), according to the manufacturer’s instructions.

S3.3 16S rRNA amplicon data processing 
Amplicon sequence data were quality filtered and clustered into operational taxonomic units (OTUs) at 97% sequence identity, and taxonomy was assigned using SILVA v138 SSU5. BLAST (v2.3.0+)6 was then used to query representative OTU sequences against a custom database comprising the representative sequences of the 36 banana core bacterial OTUs identified by Birt et al.4 (NCBI SRA accession PRJNA729168). OTUs recovered in this study were considered close matches to core OTUs when they shared ≥97% sequence identity across 100% of the amplicon sequence. 
Supplementary Methods S4: Genome assembly

S4.1 Genomic DNA extraction
Genomic DNA (gDNA) was extracted using a modified cetyltrimethylammonium bromide (CTAB) extraction method7 . Briefly, bacterial cells from 5 mL cultures were pelleted by centrifugation at 12,000 X g for 5 min and resuspended in 700 µL CTAB lysis buffer (1.4 M NaCl, 20 mM EDTA, 0.1 M Tris, 55 mM CTAB, pH 8.0). Samples were incubated at 65°C for 1 h with vortexing every 10 min and then centrifuged at 12,000 X g for 5 min at 4°C. The supernatant was transferred to a new tube, mixed with 700 µL phenol:chloroform:isoamyl alcohol (PCI; 25:24:1, pH 8.0) by inversion 50 times, incubated at room temperature for 10 min, and centrifuged at 12,000 X g for 15 min at 4°C. The upper aqueous phase was transferred to a new 2 mL tube and the PCI extraction was repeated. The resulting upper aqueous phase was transferred to a new 2 mL tube, mixed with 700 µL chloroform:isoamyl alcohol (24:1) by vortexing for 20 s, and centrifuged at 12,000 X g for 15 min at 4°C. The upper aqueous phase was transferred to a new 2 mL tube and mixed by pipetting with three volumes of 100% ethanol and 50 µL of 3 M sodium acetate. Samples were stored at −20°C overnight, after which gDNA was recovered by ethanol precipitation, resuspended in 100 µL TE buffer, and used for shotgun library preparation.

S4.2 Shotgun library preparation and sequencing
For all putative core isolates, comprising 90 isolates purified from HLD cultures and six from traditional plating, shotgun libraries were prepared as previously described8 using the bead-linked transposase from the Illumina DNA Prep Tagmentation Kit and IDT for Illumina DNA/RNA UD Indexes (Illumina, Australia). Multiplexed libraries were sequenced at the Australian Centre for Ecogenomics on an Illumina NovaSeq 6000 using 150 bp paired-end sequencing. 

S4.3 Long-read Oxford Nanopore Technologies library preparation and sequencing
For nine isolates verified as matching core bacterial OTUs identified by Birt et al.4, long-read sequencing was performed to improve genome assembly contiguity. gDNA extracts were treated with the Short Read Eliminator (SRE) XS Kit (Pacific Biosciences) according to the manufacturer’s instructions to deplete DNA fragments <10 kb. Libraries were prepared using the Ligation Sequencing Kit (SQK-LSK109; Oxford Nanopore Technologies (ONT), UK) and barcoded using the EXP-NBD104 and EXP-NBD114 Native Barcoding Kits (ONT, UK), according to the manufacturer’s instructions. Multiplexed libraries were loaded onto an R9.4.1 flow cell and sequenced on an ONT MinION for 14 h.

S4.4 Illumina genome assembly 
Reads were quality-filtered and trimmed using Trimmomatic9 (v0.36) to remove adapter sequences and reads <75 bp. Trimmed reads from each isolate were assembled independently using (i) isolateSPAdes10 (v3.14.1); 2) metaSPAdes11 (v3.14.1); and 3) MEGAHIT12 (v1.1.2), with default settings. Reads were mapped back to each assembly using BWA-MEM13 (v0.7.17-r1188) and sorted using Samtools sort14 (v1.9). Contigs were binned using Metabat215 (v2.12.1) and Seq-tk (v.1.2-r94) was used to remove contigs <300 bp. The CheckM16 (v1.1.2) lineage workflow was used to measure the quality of each genome, which is defined as: Completeness – (4 Contamination). For each isolate, the assembly with the highest quality was retained. A total of 81 high (Completeness >80%, Contamination <5%) or medium (Completeness ≥50%, Contamination <10%) quality genomes were retained for further analyses (Fig. 1).

[bookmark: _Hlk199826248]S4.5 Oxford Nanopore Technologies genome assembly
Following 14 h of sequencing, ONT reads were retrieved and FAST5 files were basecalled using Guppy with the dna_r9.4.1_450bps_hac model. Hybrid assemblies of Illumina short reads and ONT long reads were generated independently for each isolate using Unicycler17 (version 0.4.8) and Opera-MS18 (version 0.9.0). OPERA-MS was additionally used for hybrid assembly with the corresponding isolateSPAdes contigs as scaffolds. A further round of hybrid assembly was performed using Unicycler, with OPERA-MS contigs as scaffolds and the corresponding Illumina and ONT reads as input. Contigs <300 bp were removed from all hybrid assemblies using seqtk (v1.2-r94). For each isolate, a hybrid assembly was retained for downstream analyses when it had fewer contigs and a higher genome quality score, as determined using CheckM, than the corresponding short-read assembly.


[bookmark: _Toc225287071]Table S2 Tissue distribution and cultivation media used to target the 36 banana core bacterial OTUs identified by Birt et al.4. Tissue columns indicate whether each OTU was a key constituent of the root or leaf microbiome, defined as occurring in ≥50% of field-grown plants at ≥0.5% relative abundance across all five soils examined by Birt et al.4. Media columns indicate general media on which the corresponding bacterial taxa have previously been reported to grow and selective media used for targeted cultivation in this study.
	Core OTU
	Taxonomy
	Roots
	Leaves
	1/10 TSB
	R2A/R2B
	CDA
	Selective medium

	OTU13
	f__Casimicrobiaceae
	✓
	✓
	
	¹⁹
	
	

	OTU108
	f__Casimicrobiaceae
	✓
	
	
	¹⁹
	
	

	OTU23
	f__Gemmatimonadaceae
	✓
	
	
	²⁰
	
	

	OTU131
	f__Xanthobacteraceae
	✓
	
	✓
	
	²¹
	

	OTU18
	g__Acidovorax
	✓
	
	✓
	✓
	
	

	OTU3
	g__Bacillus
	✓
	✓
	✓
	✓
	²¹
	Allantoin agar²²

	OTU17
	g__Bacillus
	✓
	✓
	✓
	✓
	²¹
	Allantoin agar²²

	OTU35
	g__Bacillus
	✓
	
	✓
	✓
	²¹
	Allantoin agar²²

	OTU9
	g__Bradyrhizobium
	✓
	
	✓
	²³
	
	

	OTU61
	g__Curtobacterium
	✓
	✓
	²⁴
	✓
	
	

	OTU170
	g__Duganella
	✓
	
	²⁵
	
	
	

	OTU20
	g__Dyella
	✓
	
	²⁶
	
	
	

	OTU8
	g__Enterobacter
	✓
	✓
	²⁷
	²⁸,²⁹
	
	Enterobacter agar²²

	OTU40
	g__Gaiella
	✓
	
	
	³⁰
	
	

	OTU5
	g__Herbaspirillum
	✓
	✓
	³¹
	³²
	
	

	OTU84
	g__Methylobacterium-Methylorubrum
	
	✓
	³³
	✓
	³⁴
	Methanol mineral salts agar³⁵

	OTU92
	g__Methylobacterium-Methylorubrum
	
	✓
	³³
	✓
	³⁴
	Methanol mineral salts agar³⁵

	OTU104
	g__Methylobacterium-Methylorubrum
	
	✓
	³³
	✓
	³⁴
	Methanol mineral salts agar³⁵

	OTU1132
	g__Methylobacterium-Methylorubrum
	
	✓
	³³
	✓
	³⁴
	Methanol mineral salts agar³⁵

	OTU73
	g__Microbacterium
	✓
	✓
	✓
	✓
	²¹
	

	OTU16
	g__Mycobacterium
	✓
	
	✓
	²³
	²¹
	

	OTU28
	g__Nitrospira
	✓
	
	³⁶
	
	
	

	OTU24
	g__Pseudolabrys
	✓
	
	✓
	
	
	

	OTU41
	g__Pseudolabrys
	✓
	
	✓
	
	
	

	OTU42
	g__Pseudomonas
	✓
	
	✓
	✓
	²¹
	

	OTU10
	g__Ralstonia
	✓
	
	³⁷
	³⁸
	³⁹
	

	OTU2
	g__Rhizobium
	✓
	✓
	✓
	✓
	²¹
	

	OTU11
	g__Rhizobium
	✓
	
	✓
	✓
	²¹
	

	OTU99
	g__Rhizobium
	✓
	✓
	✓
	✓
	²¹
	

	OTU21
	g__Sphingobium
	✓
	✓
	✓
	✓
	
	

	OTU12
	g__Sphingomonas
	✓
	✓
	✓
	✓
	²¹
	Mineral medium (pH 7.25) agar²²

	OTU169
	g__Sphingomonas
	✓
	
	✓
	✓
	²¹
	Mineral medium (pH 7.25) agar²²

	OTU4
	g__Sphingomonas
	✓
	✓
	✓
	✓
	²¹
	Mineral medium (pH 7.25) agar²²

	OTU98
	g__Sphingomonas
	✓
	
	✓
	✓
	²¹
	Mineral medium (pH 7.25) agar²²

	OTU403
	g__Sphingomonas
	✓
	✓
	✓
	✓
	²¹
	Mineral medium (pH 7.25) agar²²

	OTU25
	g__Streptomyces
	✓
	
	✓
	✓
	⁴⁰
	GYM agar²²




[bookmark: _Toc225287072]
Table S3 Number of bacterial OTUs recovered by HLD culturomics and traditional plating, summarised by phylum. Counts indicate the number of OTUs detected by each cultivation method. Total represents the number of unique OTUs recovered across both methods. 
	
	HLD culturomics
	Traditional plating
	Total

	Acidobacteriota
	6
	1
	6

	Actinobacteriota
	71
	15
	72

	Bacteroidota
	30
	2
	30

	Bdellovibrionota
	1
	1
	1

	Chloroflexi
	8
	0
	8

	Deinococcota
	2
	1
	2

	Firmicutes
	50
	12
	50

	Nitrospirota
	1
	0
	1

	Planctomycetota
	1
	0
	1

	Proteobacteria
	181
	56
	183

	Verrucomicrobiota
	2
	0
	2

	Total
	353
	88
	356


[bookmark: _Toc225287073]
2

Table S4 Structural features of the non-representative core isolate genomes. The genomes are listed by the core OTU from Birt et al. (2022)4 they were found to match, with the percentage sequence similarity between 16S rRNA sequences of the genome sequence from this study and the core OTU from Birt et al. (2022)4. For each genome, the taxonomy assigned by GTDB-tk (r214), GTDB-tk reference, NCBI taxonomy ID, genome size, number of contigs, genome completeness and contamination as measured by CheckM242 (v1.0.2), N50, GC content, coding sequences (CDS), RNA genes, tRNA genes, and tm RNA genes are listed.
	Core OTU
	Tissue
	16S identity (%)
	GTDB-tk closest placement
	NCBI TaxID
	Genome size (Mb)
	Contigs
	CheckM2
	N50 (bp)
	GC (%)
	CDS
	rRNA
	tRNA
	tm RNA

	
	
	
	Taxonomy
	Reference
	
	
	
	Completeness (%)
	Contamination (%)
	
	
	
	
	
	

	[2]
	Roots
	100
	Agrobacterium
	GCF_015704895.1
	2792015
	6.06
	535
	100
	2.19
	61
	0.6
	5732
	3
	46
	1

	[2]
	Leaves
	100
	Agrobacterium
	*
	 
	5.42
	114
	99.91
	0.34
	10
	0.59
	5109
	8
	48
	1

	[3]
	Leaves
	100
	Priestia
	GCF_000832985.1
	1348623
	5.67
	561
	100
	0.61
	55
	0.38
	5774
	3
	61
	1

	[3]
	Roots
	100
	Priestia
	GCF_009497655.1
	1404
	5.34
	520
	100
	0.69
	57
	0.38
	5414
	2
	55
	1

	[3]
	Leaves
	100
	Priestia
	GCF_009497655.1
	1404
	5.25
	55
	100
	0.78
	4
	0.38
	5412
	2
	57
	1

	[4]
	Roots
	97
	Sphingomonas
	*
	 
	5.15
	223
	100
	0.42
	40
	0.67
	4702
	3
	48
	1

	[4]
	Roots
	97
	Sphingomonas
	*
	 
	3.17
	131
	100
	0.42
	19
	0.66
	3204
	3
	49
	1

	[5]
	Roots
	99
	Herbaspirillum
	*
	 
	5.81
	116
	100
	0.34
	11
	0.62
	5138
	1
	55
	1

	[5]
	Roots
	99
	Herbaspirillum
	*
	 
	5.78
	416
	100
	0.49
	56
	0.62
	5097
	2
	46
	1

	[5]
	Roots
	99
	Herbaspirillum
	*
	 
	5.8
	330
	100
	0.81
	43
	0.62
	5138
	2
	49
	1

	[5]
	Roots
	99
	Herbaspirillum
	*
	 
	5.8
	334
	100
	0.83
	44
	0.62
	5146
	2
	56
	1

	[5]
	Roots
	99
	Herbaspirillum
	*
	 
	5.79
	309
	100
	0.76
	37
	0.62
	5108
	2
	57
	1

	[5]
	Roots
	99
	Herbaspirillum
	*
	 
	5.81
	158
	100
	0.37
	18
	0.62
	5135
	2
	54
	1

	[5]
	Roots
	99
	Herbaspirillum
	*
	 
	5.8
	185
	100
	0.34
	21
	0.62
	5134
	1
	56
	1

	[5]
	Roots
	99
	Herbaspirillum
	*
	 
	5.81
	89
	100
	0.38
	9
	0.62
	5135
	2
	60
	1

	[5]
	Roots
	99
	Herbaspirillum
	*
	 
	5.42
	140
	99.9
	0.3
	29
	0.63
	4855
	0
	43
	1

	[9]
	Roots
	100
	Bradyrhizobium
	*
	 
	7.63
	564
	99.98
	0.26
	100
	0.65
	7123
	3
	57
	1

	[11]
	Roots
	100
	Rhizobium
	GCF_900094585.1
	410764
	7.47
	408
	100
	0.5
	20
	0.6
	7069
	3
	52
	1

	[12]
	Roots
	99
	Sphingomicrobium
	*
	 
	2.7
	12
	99.99
	0.01
	2
	0.6
	2723
	3
	47
	1

	[12]
	Roots
	100
	Sphingomicrobium
	*
	 
	3.34
	718
	100
	2.14
	1
	0.64
	3206
	3
	49
	1

	[16]
	Roots
	100
	Mycobacterium
	*
	 
	6.57
	2035
	96.66
	3.68
	426
	0.66
	6885
	3
	54
	1

	[16]
	Roots
	98
	Mycobacterium
	*
	 
	6.17
	2703
	87.14
	2.91
	429
	0.67
	6575
	3
	49
	1

	[16]
	Roots
	98
	Mycobacterium
	*
	 
	6.63
	1294
	99.21
	1.69
	241
	0.67
	6605
	3
	53
	1

	[17]
	Leaves
	98
	Peribacillus
	GCF_001636405.1
	450367
	5.44
	463
	100
	2.8
	78
	0.4
	5150
	5
	40
	1

	[17]
	Roots
	97
	Niallia
	GCF_004005475.1
	2499688
	5.93
	51
	100
	2.82
	1
	0.37
	6195
	21
	120
	1

	[17]
	Roots
	98
	Peribacillus
	GCF_001636405.1
	450367
	5.18
	2713
	97.77
	7.88
	444
	0.41
	4606
	5
	37
	1

	[18]
	Roots
	100
	Variovorax
	GCF_000382045.1
	1157708
	7.45
	178
	100
	1.74
	25
	0.68
	6784
	3
	63
	1

	[18]
	Roots
	100
	Variovorax
	*
	 
	7.74
	264
	100
	4.09
	38
	0.67
	7114
	3
	64
	1

	[18]
	Roots
	100
	Variovorax
	GCF_000382045.1
	1157708
	7.44
	475
	100
	1.65
	58
	0.68
	6867
	3
	64
	1

	[21]
	Roots
	97
	Sphingobium
	*
	 
	4.9
	78
	99.99
	4.02
	8
	0.63
	4582
	3
	54
	1

	[21]
	Roots
	100
	Sphingobium
	*
	 
	4.3
	53
	99.99
	1.1
	9
	0.62
	4076
	3
	46
	1

	[21]
	Roots
	99
	Sphingobium
	*
	 
	4.16
	64
	100
	0
	9
	0.63
	3937
	3
	53
	1

	[21]
	Roots
	100
	Sphingobium
	*
	 
	3.97
	78
	99.92
	0
	6
	0.63
	3806
	3
	50
	1

	[21]
	Roots
	97
	Sphingobium
	*
	 
	3.29
	40
	99.09
	0
	3
	0.61
	3213
	3
	49
	1

	[35]
	Roots
	100
	Bacillus
	GCF_000691145.1
	1178544
	3.73
	22
	100
	0.03
	4
	0.41
	3776
	0
	45
	1

	[35]
	Roots
	100
	Bacillus
	GCF_000691145.1
	1178544
	3.74
	69
	100
	0.04
	11
	0.41
	3774
	4
	54
	1

	[35]
	Roots
	100
	Bacillus
	GCF_000691145.1
	1178544
	3.74
	66
	100
	0.03
	7
	0.41
	3768
	5
	62
	1

	[42]
	Roots
	98
	Pseudomonas_E
	GCF_001293465.1
	50340
	7.02
	70
	100
	0.96
	10
	0.63
	6081
	3
	71
	1

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	* Genome not assigned by GTDB to closest species as it falls outside its pre-defined ANI radius
	 
	 
	 
	 
	 
	 
	 
	 
	 



Supplementary Methods S5: Functional genome annotation of core isolates to explore their plant growth promotion potential

Functional annotation of the representative core isolate genomes was performed using antiSMASH43 (v6.0.1), DRAM44, and KofamScan45 (v1.3.0) . The complete annotation outputs from these analyses are provided as Supplementary Data (supplementary_genome_annotation_raw_data_files_core_isolates.zip), comprising the antiSMASH, DRAM, and KofamScan annotation datasets. A summary of genes and pathways associated with plant growth-promoting and plant-protective traits is presented in Fig. S1.
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[bookmark: _Toc225289444]Fig. S1 Distribution of genes and genomic features associated with plant growth-promoting traits across representative core isolate genomes. Representative core isolates are shown with their corresponding core OTU IDs from Birt et al.4 and taxonomy assigned using GTDB-Tk46 (r214). Cell shading indicates the number of annotated genes or features in each genome. KofamScan45 (v1.3.0) was used to identify KEGG Orthologs (KOs) associated with phosphate solubilisation, amylase production, nitrogen fixation, sulphur and thiosulphate oxidation, malic acid transport, chemotaxis, glucanase production, zinc transport, indole-3-acetic acid (IAA) production, and chitinase production. DRAM44 was used to identify transport systems and carbohydrate-active enzymes (CAZymes) associated with carbohydrate utilisation, including amorphous cellulose and pectin degradation. AntiSMASH43 (v6.0.1) was used to identify biosynthetic gene clusters (BGCs), including those associated with siderophore and siderophore–terpene production.


Supplementary methods S6: In planta screening of core isolates for Foc-R1 disease suppression

S6.1 Core isolates used in abundance enhancement trial
The four representative core isolates that showed the greatest inhibition of both Foc-R1 and Foc-SR4 in vitro were selected for assessment of Foc-R1 disease suppression in planta. These isolates corresponded to core OTUs 8 (Enterobacter), 10 (Ralstonia), 42 (Pseudomonas), and 61 (Curtobacterium) identified by Birt et al.4.

[bookmark: _Toc157587046]S6.2 Isolate inoculum preparation 
Cryostocks of the four bacterial isolates were thawed and streaked onto 1/10-strength tryptic soy agar (TSA) using sterile inoculation loops. Plates were incubated at 25°C for seven days. For each isolate, a single colony was transferred into 500 mL of 1/10 strength tryptic soy broth (TSB), and cultures were incubated on an orbital shaker for 16–20 h at 25°C. The optical density at 600 nm (OD600) of each culture was measured to estimate inoculum concentration. Immediately following incubation, cultures were divided into 10 mL aliquots in sterile beakers for inoculation of banana plants. Serial dilutions on TSA (1/10) plates for each isolate were established to measure CFUs. For each plate 200 µl of each serial dilution was spread on the plate and CFUs were counted after 24 hours (isolate 8: 1.75E+13 CFUs, isolate 10: 9E+12 CFUs, isolate 42: 2.8E+12 CFUs, isolate 61: 2.9E+11 CFUs).

S6.3 Pot trial methodology 
The pot trial was conducted using Dwarf Ducasse banana plants (ABB) from September 2022 to February 2023 at the Centre for Wet Tropics Agriculture, South Johnstone, Queensland, Australia (17°36′12″ S, 145°59′55″ E). Tissue-cultured banana plantlets were sourced from Yuruga Nursery, Walkamin, Queensland, Australia. 

For each treatment (isolates corresponding to core OTUs 8, 10, 42, and 61, or mock inoculation), 24 six-week-old tissue-cultured plantlets were prepared. Plantlets were inoculated by removing them from the culture medium and immersing their roots in 10 mL of the respective isolate inoculum for 2 h. The plantlets were then potted in non-banana Innisfail series soil and drenched with a further 10 mL of isolate inoculum applied at the base of the plant. After 4 h, each plant was watered with 10 mL of sterile water. Mock-inoculated plants were treated identically, with sterile water substituted for the bacterial inoculum. 

Plants were maintained in a misting chamber for 14 days before being transferred to a greenhouse bench. The misting chamber and greenhouse were maintained at 60% relative humidity and 28°C. Plants were watered once daily for 5 min using an overhead sprinkler. At 20 days after commencement of the experiment, plants received a second drench of 10 mL of the respective isolate inoculum or sterile water for the mock treatment.

At day 54, half of the plants in each treatment were inoculated with Foc-R1 (BRIP 43996) by placing Foc-R1-infected banana pseudostem material on the soil surface around each plant. At day 72, Foc-R1 inoculation was reinforced by applying a spore suspension of Foc-R1 (BRIP 43996; 4.45 x 10⁶ spores per pot) to the previously inoculated plants. An equivalent volume of sterile water was applied to plants in the corresponding Foc-R1-uninoculated treatments.

At three timepoints during the experiment (T1, 14 days; T2, 35 days; and T3, 169 days), samples and measurements were collected to assess isolate abundance, plant growth, and disease. At T1 and T2, four plants per treatment were destructively harvested and ectorhizosphere (ER) soil was collected from each plant for quantification of isolate abundance. Samples were placed in 50 mL Falcon tubes and stored at −20°C before genomic DNA extraction using the DNeasy Plant Mini Kit (Qiagen) according to the manufacturer’s instructions. At T2, plant height (cm) and pseudostem girth (cm) were recorded before destructive sampling.

At T3, plant height and pseudostem girth were measured for all remaining plants. In addition, four Foc-R1-uninoculated plants from each bacterial treatment (mock and isolates corresponding to core OTUs 8, 10, 42, and 61) were destructively harvested for collection of ectorhizosphere soil and subsequent assessment of isolate abundance. Sample collection, storage, and DNA extraction were performed as described for T1.

At T3, external and internal disease assessments were performed on the remaining eight Foc-R1-inoculated plants and four Foc-R1-uninoculated plants per bacterial treatment (mock and isolates corresponding to core OTUs 8, 10, 42, and 61). Internal disease severity was assessed from four rhizome cross-sections: (1) one-quarter of the distance from the rhizome base, (2) halfway through the rhizome, (3) three-quarters of the distance from the rhizome base, and (4) at the junction between the rhizome and pseudostem (Fig. 8A). Cross-sections were photographed and analysed using ImageJ to quantify tissue discolouration associated with Fusarium wilt, following the method described by Orr et al.47. Necrosis (%) was calculated using the equation below, where mean and max represent values generated using the ImageJ Analyse and Measure function:


[bookmark: _Toc157587050]S6.4 Analysis of necrosis data 
Rhizome necrosis data were log₂-transformed as log₂(necrosis + 1) prior to analysis. The effects of bacterial treatment, rhizome cross-section, and their interaction on necrosis in Foc-R1-inoculated plants were assessed using a generalised linear model (GLM) with a Gaussian error distribution. Pairwise comparisons among bacterial treatments were performed using least-squares means estimated from the model, as implemented in the lsmeans R package48.
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