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Supplementary Figures 24 

 25 

 26 

Fig. S1. Representative images showing interaction between Streptomyces sp. 27 

FXJ1.4098 and Mesorhizobium sp. BAC0120 after removal of pre-monocultured 28 

Streptomyces sp. FXJ1.4098. 29 

No proximity-based defensive mutualism (PBDM)-like phenomenon could be 30 

observed when M. sp. BAC0120 was cultured for four days on a plate after removal of 31 

Streptomyces pre-cultured for four to eight days (n = 3 biologically independent 32 

experiments). 33 
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 34 

Fig. S2. Quantification of inhibitory activity on M. sp. BAC0120 of the extracts 35 

from interaction plate areas a, b, and c shown in Fig. 2B.  36 

The inhibitory activity was quantified by measuring the radius of the inhibition zone. 37 

Results are shown as dot plots and depicted with mean ± standard deviation. 38 
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 40 

Fig. S3. A representative HPLC profile showing a peak of inhibitor as the only 41 

remarkably differential metabolite distinguishing extracts from areas a−d in the 42 

co-culture plate of S. sp. FXJ1.4098 vs. M. sp. BAC0120 (n = 3).   43 
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  44 

Fig. S4. Chemical elucidation and identification of the inhibitor.  45 

A. Mass spectrum of the inhibitor. B. Ultraviolet (UV) spectrum of the inhibitor. The 46 

mass signal of the inhibitor was at m/z 601.3566 [M + H]
+ and it only displayed an end 47 

UV absorbance. C. Annotation of the CID MS/MS spectrum for the [M + H]+ ion of 48 

the inhibitor. Peaks underlined in red are consistent with the fragmentation pattern 49 

proposed for desferrioxamine E (DFOE) in the top panel, which assumes a macrocycle 50 

opening at the position of the red double dotted line. 51 
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 52 

 53 

Fig. S5. Extracted ion chromatograms from UHPLC-HRMS analysis of culture 54 

extracts from S. sp. FXJ1.4098. 55 

The results of both the monoculture and coculture were the same. The m/z values of 56 

desferrioxamines (DFOs) used to generate each chromatogram are listed on the right. 57 

 58 
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  59 

Fig. S6. A representative image showing the growth inhibition effect of 60 

desferrioxamine (DFO) on M. sp. BAC0120. 61 

Growth comparison of M. sp. BAC0120 on medium with or without 200 μM DFOB (n 62 

= 3). M. sp. BAC0120 was spotted onto GYM agar (left) and GYM agar containing 200 63 

μM DFOB (right). The photograph was taken four days after inoculation of M. sp. 64 

BAC0120. The white dotted circle indicates the original inoculation sites of M. sp. 65 

BAC0120.   66 
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  67 

Fig. S7. A dynamic model of DFO diffusivity. 68 

A. Representative images showing the inhibition of 20 μL of DFO with different 69 

concentrations against M. sp. BAC0120. DFO was spotted at point A. The growth of M. 70 

sp. BAC0120 was recorded after 4 days of culture. B. The radius of the inhibition zone 71 

and the concentration of DFO conform to an exponential fitting function: 72 

cDFO=0.04352e0.1986ri. “cDFO” represents the concentration of DFO spotted at point A; 73 

“e” indicates Euler number; and “ri” indicates the inhibition zone radius against M. sp. 74 

BAC0120.   75 
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  76 

Fig. S8. Quantification of growth inhibition and recovery of M. sp. BAC0120 by S. 77 

sp. FXJ1.4098. 78 

A. The inhibitory activity of S. sp. FXJ1.4098 was quantified by measuring the radius 79 

of inhibition zone around the colony. B. The growth recovery activity of S. sp. 80 

FXJ1.4098 was quantified by calculating the radius of recovery zone (the zone where 81 

M. sp. BAC0120 can grow around S. sp. FXJ1.4098). Results are shown as box plots 82 

based on 40 biologically independent experiments. The center horizontal line denotes 83 

the median and boxes extend from the 25th to the 75th percentile of values. Whiskers 84 

show the full range of value distribution. 85 

86 



 

 10

 87 

Fig. S9. HPLC detection and identification of differential compounds in the 88 

extracts from areas a and b of co-culture plates of S. sp. FXJ1.4098 vs. M. sp. 89 

BAC0120  90 

At the absorption value of 406 nm, F1 and F2 can be obviously detected in the extracts 91 

from areas a and b (Fig. 2A) of the co-culture plate, but not areas c and d (n = 3).  92 
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Fig. S10. UV and mass spectra of Product F1 and F2. 94 

A. UV spectrum of product F1. The maximum UV absorbance was at 392 nm. B. Mass 95 

spectrum of product F1. The mass signal of product F1 was at m/z 655.2755 [M + H]+. 96 

C. UV spectrum of product F2. The maximum UV absorbance was at 406 nm. D. Mass 97 

spectrum of product F2. The mass signal of product F2 was at m/z 716.1807 [M + H]+.98 
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Fig. S11. UHPLC-HRMS profiling of F1 matches that of coproporphyrin III (CP 100 

III).   101 

A and B. Positive mode mass spectra of CP III and F1. The mass signals of CP III and 102 

F1 were at m/z 655.2775 [M + H]+ and m/z 655.2771 [M + H]+, respectively. C and D. 103 

Negative mode mass spectra of CP III and F1. The mass signals of CP III and F1 were 104 

at m/z 653.2565 [M - H]- and m/z 653.2668 [M - H]-, respectively. E and F. Positive 105 

model MS/MS spectra of CP III and F1, respectively. G and H. Negative model MS/MS 106 

spectra of CP III and F1, respectively.  107 
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  108 

Fig. S12. Detection of the growth restoring effects of products F1 (CP III) and F2 109 

(Zn-CP III) on M. sp. BAC0120 (n = 3).  110 

A volume of 20 μL of DFOB (20 mM) was mixed with 20 μL of F1 (5 mM) or F2 (5 111 

mM) to form a premix, which was then spotted at point A on the plate. After 4 h, M. 112 

sp. BAC0120 was drop plated at points B to E and then further cultured at 28℃ for four 113 

days. Scale, 10 mm. 114 
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Fig. S13. Transcriptome and RT-qPCR sampling of S. sp. FXJ1.4098 and M. sp. 116 

BAC0120 under monoculture and co-culture conditions.  117 

In the co-culture plates, S. sp. FXJ1.4098 was inoculated four days ahead of M. sp. 118 

BAC0120. Sampling of S. sp. FXJ1.4098 was performed after its inoculation for six 119 

days (T1) and seven days (T2). Sampling of M. sp. BAC0120 was performed after its 120 

inoculation for three days (T2) and four days (T3). 121 
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  122 

Fig. S14. Transcriptional analyses of heme biosynthetic genes in S. sp. FXJ1.4098 by RT-qPCR. 123 

Total RNAs were isolated from S. sp. FXJ1.4098 monocultured or co-cultured for six and seven days, and used for synthesizing cDNA. The 16S 124 

rRNA gene was used as an internal reference to normalize the RNA concentration. The relative transcription levels of 10 genes (tRNAglu, hemA, 125 

hemL, hemB, hemC, hemD, hemE, hemY, hemH, and hemQ) were obtained after normalization against the internal reference at corresponding time 126 

points. Error bars show the standard deviation of three independent experiments. Statistical significance was determined by Student’s t-test. *, p < 127 

0.05; **, p < 0.01; ***, p < 0.001; ns, not significant. 128 
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 129 

Fig. S15. Transcriptional analyses of heme uptake cluster genes in M. sp. BAC0120 by RT-qPCR. 130 

Total RNAs were isolated from M. sp. BAC0120 monocultured or co-cultured for three and four days, and used for synthesizing cDNA. The 16S 131 

rRNA gene was used as an internal reference to normalize the RNA concentration. The relative transcription levels of 5 genes (TBDR gene, hmuS, 132 

hmuT, hmuU, and hmuV) were obtained after normalization against the internal reference at corresponding time points. Error bars show the standard 133 

deviation of three independent experiments. Statistical significance was determined by Student’s t-test. *, p < 0.05; **, p < 0.01; ***, p < 0.001; 134 

ns, not significant.135 
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  136 

Fig. S16. A dynamic model of hemin diffusivity. 137 

A. Representative images showing growth recovery effect on M. sp. BAC0120 by a 138 

volume of 20 μL of DFO (20 mM) mixed with 20 μL of hemin in different 139 

concentrations. The mixture was spotted at point A. The growth of M. sp. BAC0120 140 

was recorded after 4 days of culture. B. The radius of hemin recovery (rh, equaled to 141 

the radius of recovery zone where M. sp. BAC0120 can grow around hemin) and the 142 

concentrations of hemin (chemin) conform to an exponential fitting function: 143 

chemin=0.004374e0.3521rh. “chemin” represents the concentration of hemin spotted at point 144 

A; “e” indicates Euler number; and “rh” indicates the radius of hemin diffusion. 145 
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Fig. S17. Interactions among S. sp. FXJ1.4098, M. sp. BAC0120, and co-isolated 147 

bacteria, or plant pathogens.  148 

A. Colonies of co-isolated bacteria (left panel) and their pairwise interactions with M. 149 

sp. BAC0120 (right panel) (n = 3). The growth of M. sp. BAC0120 was inhibited or not 150 

affected by the co-isolated bacteria. B. Pairwise interactions between co-isolated 151 

bacteria and S. sp. FXJ1.4098 or FXJ1.4098ΔdesD (n = 3). The growth of co-isolated 152 

bacteria was either inhibited by S. sp. FXJ1.4098 due to its production of DFO or not 153 

affected by S. sp. FXJ1.4098. C. Tripartite interactions among M. sp. BAC0120, co-154 

isolated bacteria, and S. sp. FXJ1.4098 or FXJ1.4098ΔdesD (n = 3). The growth of M. 155 

sp. BAC0120 inhibited by the co-isolated bacteria was partially restored by S. sp. 156 

FXJ1.4098, and the growth of M. sp. BAC0120 not affected by the co-isolated bacteria 157 

was partially inhibited by S. sp. FXJ1.4098. D. The colony of a plant pathogen (left 158 

panel) and its pairwise interaction with M. sp. BAC0120 (right panel) (n = 3). The 159 

growth of M. sp. BAC0120 was inhibited by the plant pathogen. E. Pairwise 160 

interactions between a plant pathogen and S. sp. FXJ1.4098 or FXJ1.4098ΔdesD (n = 161 

3). The growth of the plant pathogen was partially inhibited by S. sp. FXJ1.4098 162 

attributed to its production of DFO. F. Tripartite interactions among a plant pathogen, 163 

M. sp. BAC0120, and S. sp. FXJ1.4098 or FXJ1.4098ΔdesD (n = 3). The growth of M. 164 

sp. BAC0120 inhibited by the plant pathogen was partially restored by S. sp. FXJ1.4098.  165 

BAC0116, Massilia sp. BAC0116; BAC0118, Massilia sp. BAC0118; BAC0121, 166 

Microvirga sp. BAC0121; BAC0123, Noviherbaspirillum sp. BAC0123; FXJ1.4092, 167 

Arthrobacter sp. FXJ1.4092; FXJ1.4093, Arthrobacter sp. FXJ1.4093; FXJ1.4094, 168 

Arthrobacter sp. FXJ1.4094; FXJ1.4099, Streptomyces sp. FXJ1.4099; FXJ1.4100, 169 

Streptomyces sp. FXJ1.4100; FOC, Fusarium oxysporum f. sp. cucumerinum CGMCC 170 

3.2830; ΔdesD, DFOE-deficient mutant of S. sp. FXJ1.4098. Scale, 10 mm. 171 

  172 
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Fig. S18. Characterization of different pairwise interaction types between 174 

streptomycetes and rhizobia. 175 

A. Representative pictures for three interaction types: competition (Streptomyces 176 

inhibited the growth of rhizobia), PBDM (Streptomyces inhibited the growth of rhizobia 177 

at a certain distance while not affecting those in the vicinity), and neutrality (both 178 

Streptomyces and rhizobia grew as well as their monocultures). Rhizobia were 179 

inoculated onto the culture plates four days after the inoculation of Streptomyces strains, 180 

and pictures were taken after four days of co-culture. A total of 77 pairs of interactions 181 

(n = 3) were tested, among which 38 pairs showed competition, 27 pairs showed PBDM, 182 

and 12 pairs showed neutrality. Representative pictures are shown for three pairs of 183 

each interaction type. B. Quantitative and statistical analyses of the radius of inhibition 184 

zone in competitive interactions. The radius of inhibition zone by Streptomyces ranged 185 

from 15.17 ± 0.55 to 39.97 ± 0.76 mm (mean ± standard deviation), and no recovery 186 

zone was detected in these interactions. C. Quantitative and statistical analyses of the 187 

radii of inhibition and recovery zones in PBDM interactions. The radius of inhibition 188 

zone by Streptomyces ranged from 20.33 ± 0.25 to 40.37 ± 0.40 mm (mean ± standard 189 

deviation) and the radius of recovery zone by Streptomyces ranged from 10.77 ± 1.45 190 

to 14.20 ± 2.05 mm (mean ± standard deviation). Grey shadows (error bars) show the 191 

standard deviation from three biologically independent experiments. 192 

  193 
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 194 

Fig. S19. Detection of siderophore distribution in the pairwise interaction plates of 11 Streptomyces strains and M. sp. BAC0120 by an 195 

overlay of chrome azurol S (CAS) agar (n = 3). 196 

Orange areas indicate that iron is chelated by siderophores. 197 

  198 



 

 25 

Supplementary Tables  199 

 200 

Table S1. Strains used in this study 201 

Name Description Habitat (origin)  
Source and 

reference 

Escherichia coli 

Top 10 For plasmid propagation – Invitrogen 

Streptomyces strains 

S. sp. FXJ1.4098 Wild-type, for PBM test Red soil (Jiang Xi Province, China)  [2] 

FXJ1.4098ΔdesD 
desD disruption mutant of S. sp. FXJ1.4098, for 

PBDM test  
–  [2] 

S. sp. FXJ1.4033 Wild-type, for PBDM test Red soil (Jiang Xi Province, China)  [2] 

S. sp. FXJ1.4034 Wild-type, for PBDM test Red soil (Jiang Xi Province, China)  [2] 

S. sp. FXJ1.4038 Wild-type, for PBDM test Red soil (Jiang Xi Province, China)  [2] 

S. sp. FXJ1.172 Wild-type, for PBDM test Red soil (Jiang Xi Province, China)  [3] 

S. sp. FXJ1.264 Wild-type, for PBDM test Red soil (Jiang Xi Province, China)  [3] 

S. albidoflavus J1074 Wild-type, for PBDM test Soil (–)  [4] 

S. albidoflavus Ma1 Wild-type, for PBDM test 
Imperial moth (Guanacaste Conservation 

Area, Costa Rica) 
 [5] 

S. albidoflavus CR10 Wild-type, for PBDM test 
Imperial moth (Guanacaste Conservation 

Area, Costa Rica) 
 [5] 



 

 26 

S. coelicolor M145 Wild-type, for PBDM test –  [6] 

S. sparsogenes CGMCC 4.1446T Wild-type, for PBDM test Soil (–) CGMCC 

Mesorhizobium strains 

M. sp. BAC0120 Wild-type, for PBDM test Red soil (Jiang Xi Province, China)  [2] 

ΔTBDR 
TonB-dependent hemin receptor gene disruption 

mutant, for PBDM test 

– 
This study 

ΔhmuU hmuU disruption mutant, for PBDM test – This study 

ΔhmuV hmuV disruption mutant, for PBDM test – This study 

M. sp. BAC0074 Wild-type, for PBDM point-to point-test Red soil (Jiang Xi Province, China)  [2] 

M. amorphae CGMCC 1.2541T Wild-type, for PBDM test 
Root nodules of Amorpha fruticosa (Beijing, 

China) 
CGMCC 

M. huakuii CGMCC 1.2543T Wild-type, for PBDM test 
Nodules of Astragalus sinicus (Nanjing, 

China) 
CGMCC 

M. muleiense CGMCC 1.11022T Wild-type, for PBDM test 

Root nodules of Cicer arietinum 

(Shuangdamen villages, Qitai county, 

Xinjiang Province, China) 

CGMCC 

M. qingshengii CGMCC 1.12097T Wild-type, for PBDM test 
Nodules of Astragalus sinicus (Jiang Xi 

Province, China) 
CGMCC 

Sinorhizobium strain 

Sinorhizobium meliloti 2011 Wild-type, for PBDM test – - 

Plant pathogens 

Agrobacterium rubi CGMCC 

1.2555T 
Wild-type, for pairwise and tripartite interactions 

– 
CGMCC 
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Fusarium oxysporum f. sp. 

cucumerinum CGMCC 3.2830 
Wild-type, for pairwise and tripartite interactions 

– 
CGMCC 

Bipolaris sorokiniana ZB8 Wild-type, for pairwise and tripartite interactions – CGMCC 

Co-isolated bacteria 

Bacillus sp. BAC0111 Wild-type, for pairwise and tripartite interactions Red soil (Jiang Xi Province, China)  [2] 

Massilia sp. BAC0116 Wild-type, for pairwise and tripartite interactions Red soil (Jiang Xi Province, China)  [2] 

Massilia sp. BAC0118 Wild-type, for pairwise and tripartite interactions Red soil (Jiang Xi Province, China)  [2] 

Microvirga sp. BAC0121 Wild-type, for pairwise and tripartite interactions Red soil (Jiang Xi Province, China)  [2] 

Noviherbaspirillum sp. BAC0123 Wild-type, for pairwise and tripartite interactions Red soil (Jiang Xi Province, China)  [2] 

Arthrobacter sp. FXJ1.4092 Wild-type, for pairwise and tripartite interactions Red soil (Jiang Xi Province, China)  [2] 

Arthrobacter sp. FXJ1.4093 Wild-type, for pairwise and tripartite interactions Red soil (Jiang Xi Province, China)  [2] 

Arthrobacter sp. FXJ1.4094 Wild-type, for pairwise and tripartite interactions Red soil (Jiang Xi Province, China)  [2] 

Micromonospora sp. FXJ1.4095 Wild-type, for pairwise and tripartite interactions Red soil (Jiang Xi Province, China)  [2] 

Streptomyces sp. FXJ1.4099 Wild-type, for pairwise and tripartite interactions Red soil (Jiang Xi Province, China)  [2] 

Streptomyces sp. FXJ1.4100 Wild-type, for pairwise and tripartite interactions Red soil (Jiang Xi Province, China)  [2] 

–, details of isolation unavailable. 202 

CGMCC, China General Microbiological Culture Collection Center.  203 
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Table S2. Media used in this study 204 

Medium Composition 

GYM 
Yeast extract 4.0 g, malt extract 10.0 g, glucose 4.0 g, CaCO3 2.0 g, distilled water 

1000 mL, agar 15 g if needed. 

TY 
Tryptone 5.0 g, yeast extract 3.0 g, CaCl2 0.6 g, distilled water 1000 mL, agar 15g 

if needed. 

LB 
Tryptone 10.0 g, yeast extract 5.0 g, NaCl 10.0 g, distilled water 1000 mL, agar 

15g if needed. 

PDA 
Potato infusion made from 200.0 g potatoes, glucose 20.0 g, distilled water added 

to 1000 mL, agar 15 g if needed. 

CAS Chrome azurol S (CAS) agar [7].  

  205 
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Table S3. Plasmids used in this study 206 

Name Description 
Source and 

reference 

pJQ200SK Suicide vector; P15AsacB, Gmr [8] 

pJQ::TBDR Used for disruption of TonB-dependent hemin receptor gene This study 

pJQ::hmuU Used for disruption of hmuU This study 

pJQ::hmuV Used for disruption of hmuV This study 

pRK2013 Helper plasmid for conjugation of pJQ200SK, kanr [9] 

  207 
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Table S4. Primers used in this study 208 

Name Sequence (5’-3’) Purpose 

For gene disruption 

BAC-hmuV-F 
ATATCGAATTCCTGCAGCCCGGCGAC

TGTCCTGTCCTTCC 
hmuV disruption 

BAC-hmuV-R 
CTAGAACTAGTGGATCCCCCGCAATC

AGCTCGTCCGACAG 

BAC-hmuV-tF CAAATCCACGCTGCTCAAGAC hmuV disruption 

verification BAC-hmuV-tR CGTGCCGACTTTCATGTGGC 

BAC-hmuU-F 
ATATCGAATTCCTGCAGCCCTGCCGT

GATGCAGGGACTGT 
hmuU disruption 

BAC-hmuU-R 
CTAGAACTAGTGGATCCCCCAGGGCG

TTACGGCAAGGGA 

BAC-hmuU-tF GACAGAACGCCGACCTATCCG hmuU disruption 

verification BAC-hmuU-tR TCGCCGTATGTTTCAGGCTCTG 

BAC-TBDR-F 
ATATCGAATTCCTGCAGCCCAGCCAT

GTCGATCAGGAGCA 
TBDR gene disruption 

BAC-TBDR-R 
CTAGAACTAGTGGATCCCCCGCCGCC

CTTATAGTCGTCATAG 

BAC-TBDR-tF AAAGCAGGATCAGGCTGAGAAC TBDR gene disruption 

verification BAC-TBDR-tR GTCCGTATCATCGTCACCTTTCA 

For RT-qPCR analyses 

qBAC-16S-F CCTTTGATACTGGCATTCTCG  

For RT-qPCR analyses 

in heme uptake cluster 

qBAC-16S-R CTTCGCCACTGGTGTTCCT 

qBAC-hmuV-F AAGGCGAAATCCTCTTCAATACCCG  

qBAC-hmuV-R CACCGTGAAAGGGAAGGACAGGA 

qBAC-hmuU-F CCCTTGCCGTAACGCCCTTTCT 

qBAC-hmuU-R AGATCGCCGTATGTTTCAGGCTCTG 

qBAC-hmuT-F TTGTCGGCGTTGCAGAATAAGTG 

qBAC-hmuT-R AGCACTGACAAACGCTTGAACGAC 

qBAC-hmuS-F GGCAGTGAAGAGCATAGGCGAGGAC 

qBAC-hmuS-R CGACGAAGCACATGATCGGCAC 

qBAC-TBDR-F CTGGCGTCGCCTTTCCCTTCCT  

qBAC-TBDR-R AGCCTTCAGCCGCAACGCATC  

qFXJ-16S-F GCTTGACATACATCGGAAACA  For RT-qPCR analyses 

in heme biosynthetic 

cluster 

qFXJ-16S-R CGCTCGTTGCGGGACTTA 

qFXJ-tRNAglu-F ATGGAGATCACCCATGTGCTGC 
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qFXJ-tRNAglu-R CGCCCATCACATACGGCAGAT 

qFXJ-hemA-F TCAGTCGCTCGTCACCTTCG 

qFXJ-hemA-R GCCCGATCCAATGTCCTGTT 

qFXJ-hemL-F TTCGTCTCCGAGTTCATCCAG 

qFXJ-hemL-R TTGGTGGTGGTCTCGTAGGC 

qFXJ-hemB-F CCTCGCCTACGCCGTCAAGT 

qFXJ-hemB-R GCGGGCTTGACCATCACCA 

qFXJ-hemC-F CTCGACGAGGCGACCGAGAT 

qFXJ-hemC-R CGGGTGTACGGGTCGTCGAG 

qFXJ-hemD-F TGCGGGTGGACGTACTGTCG 

qFXJ-hemD-R CGTGCCCTCCTTCGTGAACC 

qFXJ-hemE-F GGACCCGGACGATGTGAAGTAC 

qFXJ-hemE-R CCTTGGTGCGCTCGTGGTT 

qFXJ-hemY-F GCCACCTTCTCCAGCCGCAAAT 

qFXJ-hemY-R GGCGAGCGACAGCCTTACCA 

qFXJ-hemH-F CCTTCACCACGCACTCCATCC 

qFxJ-hemH-R TGGTCGCAGATGTCCGGCTC 

qFXJ-hemQ-F TCGCCGCCAAGGACGTCAC 

qFXJ-hemQ-R TGGTGCGGCGGAAGAGGTT 

Primers underlined indicate overlapping sequences with the pJQ200SK plasmid for Gibson 209 

assembly of linear DNA fragments.  210 
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Table S5. Gene sets enriched in co-cultured S. sp. FXJ1.4098 at T1 compared to its 211 

monoculture 212 

Gene set Size NES p val FDR q-val

Porphyrin and chlorophyll metabolism 40 1.452  0.000  0.216  

Biosynthesis of amino acid 145 1.396  0.000  0.213  

Sulfur metabolism 16 1.388  0.000  0.204  

Arginine biosynthesis 23 1.365  0.000  0.220  

Cysteine and methionine metabolism 34 1.349  0.000  0.211  

213 
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Table S6. Relative expression levels of genes involved in heme biosynthesis in co-cultured and monocultured S. sp. FXJ1.4098 in 214 

transcriptome data 215 

Gene  Gene ID 

T1 T2 

Monoculture 

group fpkm 

Co-culture 

group fpkm 

FC (co-culture vs 

monoculture) 

Monoculture 

group fpkm 

Co-culture 

group fpkm 

FC (co-culture vs 

monoculture) 

tRNAglu peg.5792 7.108  10.414  1.465  6.283  8.186  1.303  

hemA peg.4158 11.535  15.235  1.321  11.971  11.947  0.998  

hemL peg.376 9.827  7.905  0.804  10.177  12.539  1.232  

hemB peg.12428 23.013  30.892  1.342  29.962  22.293  0.744  

hemC peg.3248 325.779  348.897  1.071  266.686  303.660  1.139  

hemD peg.5789 238.580  266.296  1.116  406.005  459.211  1.131  

hemE peg.3610 301.257  364.050  1.208  343.265  271.541  0.791  

hemY peg.3602 34.752  46.464  1.337  49.572  87.015  1.755  

hemH peg.3603 41.922  55.667  1.328  41.990  52.823  1.258  

hemQ peg.3601 142.151  131.243  0.923  118.799  126.094  1.061  

Numbers in red highlight the up-regulated expression of the corresponding genes in the transcriptome analysis of co-cultured S. sp. FXJ1.4098 compared to the 216 

monoculture. FC, fold change. Fpkm, fragments per kilobase of transcript per million mapped reads.217 
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