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Supplementary Figure 1. Principal component analysis of the plaque bacteriome 

from HC, OPL, and OSCC individuals. (A) The plaque bacteriome of individuals with 

OSCC was statistically significantly different (P < 0.05) from HC and OPL 

individuals. (B) Box plots show the diversity and richness of the plaque bacteriome 

from the HP, OPL, and OSCC groups at the OTU level. 





Supplementary Figure 2. Principal component analysis of the saliva bacteriome 

from HC, OPL, and OSCC individuals. (A) The plaque mycobiome of individuals 

with OSCC was statistically significantly different (P < 0.05) from HC and OPL 

individuals. (B) Box plots show the diversity and richness of the saliva bacteriome 

from the HP, OPL, and OSCC groups at the OTU level. 





Supplementary Figure 3. Principal component analysis of the plaque mycobiome 

from HC, OPL, and OSCC individuals. (A) The saliva bacteriome of individuals with 

OSCC was statistically significantly different (P < 0.05) from HC and OPL 

individuals. (B) Box plots show the diversity and richness of the plaque mycobiome 

from the HP, OPL, and OSCC groups at the OTU level. 





Supplementary Figure 4. Principal component analysis of the saliva mycobiome 

from HC, OPL, and OSCC individuals. (A) The saliva mycobiome of individuals with 

OSCC was statistically significantly different (P < 0.05) from HC and OPL 

individuals. (B) Box plots show the diversity and richness of the saliva mycobiome 

from the HP, OPL, and OSCC groups at the OTU level. 
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Supplementary Figure 5. Bubble plot of the plaque (A) bacteriome and (B) 

mycobiome from HC, OPL, and OSCC individuals. Each bubble represents one genus 

and the bubble size represents the relative abundance of each genus. For the OSCC 

group, *, ** and *** denote P < 0.05, P < 0.01 and P < 0.001 versus the HC group, 

respectively. For the OSCC group, #, ## and ### denote P < 0.05, P < 0.01 and P < 

0.001 versus the OPL group, respectively. For the OPL group, $, $$ and $$$ denote P 

< 0.05, P < 0.01 and P < 0.001 versus the HC group, respectively. 
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Supplementary Figure 6. Bubble plot of the saliva (A) bacteriome and (B) 

mycobiome from the HC, OPL, and OSCC individuals. Each bubble represents one 

genus and the bubble size represents the relative abundance of each genus. For the 

OSCC group, *, ** and *** denote P < 0.05, P < 0.01 and P < 0.001 versus the HC 

group, respectively. For the OSCC group, # and ## denote P < 0.05 and P < 0.01 

versus the OPL group, respectively. For the OPL group, $ and $$ denote P < 0.05 and 

P < 0.01 versus the HC group, respectively. 





Supplementary Figure 7. Oral carcinogenesis-associated alterations in the 

abundance of the plaque bacteria examined using LEfSe. (A) Cladogram indicates the 

phylogenetic distribution of active bacteria that were remarkably enriched. (B) Bar 

plots at the species level with significant differences in abundance based on LEfSe. 

The color bars show the LDA scores of species that were enriched in the indicated 

condition: purple bar (HC), green bar (OPL), and pink bar (OSCC). 





Supplementary Figure 8. Oral carcinogenesis-associated alterations in the 

abundance of the saliva bacteria examined using LEfSe. (A) Cladogram indicates the 

phylogenetic distribution of active bacteria that were remarkably enriched. (B) Bar 

plots at the species level with significant differences in abundance based on LEfSe. 

The color bars show the LDA scores of species that were enriched in the indicated 

condition: purple bar (HC), green bar (OPL), and pink bar (OSCC). 





Supplementary Figure 9. Oral carcinogenesis-associated alterations in the 

abundance of the plaque fungi examined using LEfSe. (A) Cladogram indicates the 

phylogenetic distribution of active fungi that were remarkably enriched. (B) Bar plots 

at the species level with significant differences in abundance based on LEfSe. The 

color bars show the LDA scores of species that were enriched in the indicated 

condition: purple bar (HC), green bar (OPL), and pink bar (OSCC). 





Supplementary Figure 10. Oral carcinogenesis-associated alterations in the 

abundance of the saliva fungi examined using LEfSe. (A) Cladogram indicates the 

phylogenetic distribution of active fungi that were remarkably enriched. (B) Bar plots 

at the species level with significant differences in abundance based on LEfSe. The 

color bars show the LDA scores of species that were enriched in the indicated 

condition: purple bar (HC), green bar (OPL), and pink bar (OSCC).





Supplementary Figure 11. Intra-kingdom correlation at the genera level in buccal 

mucosal samples. Intra-kingdom correlations are shown between (A–C) bacterial and 

(D–F) fungal genera in the buccal mucosal samples from the HC, OPL, or OSCC 

groups. Red: positive correlation, blue: negative correlation. Circle size and color 

shading indicate the value of the correlation coefficient, with bigger circles with 

darker coloring representing higher coefficient values (maximum = 1) and smaller 

circles with lighter coloring representing lower coefficient values (minimum = 0). 





Supplementary Figure 12. Intra-kingdom correlation at the genera level in plaque 

samples. Intra-kingdom correlations are shown between (A–C) bacterial and (D–F) 

fungal genera in the plaque samples from the HC, OPL, or OSCC groups. Red: 

positive correlation, blue: negative correlation. Circle size and color shading indicate 

the value of the correlation coefficient, with bigger circles with darker coloring 

representing higher coefficient values (maximum = 1) and smaller circles with lighter 

coloring representing lower coefficient values (minimum = 0). 





Supplementary Figure 13. Intra-kingdom correlation at the genera level in saliva 

samples. Intra-kingdom correlations are shown between (A–C) bacterial and (D–F) 

fungal genera in the saliva samples from the HC, OPL, or OSCC groups. Red: 

positive correlation, blue: negative correlation. Circle size and color shading indicate 

the value of the correlation coefficient, with bigger circles with darker coloring 

representing higher coefficient values (maximum = 1) and smaller circles with lighter 

coloring representing lower coefficient values (minimum = 0). 





Supplementary Figure 14. Inter-kingdom correlation at the genera level in buccal 

mucosal samples. Inter-kingdom correlations were observed between bacterial and 

fungal genera in the buccal mucosal samples from the (A) HC, (B) OPL, or (C) OSCC 

groups. Red: positive correlation, blue: negative correlation. Circle size and color 

shading indicate the value of the correlation coefficient, with bigger circles with 

darker coloring representing higher coefficient values (maximum = 1) and smaller 

circles with lighter coloring representing lower coefficient values (minimum = 0).





Supplementary Figure 15. Inter-kingdom correlation at the genera level in plaque 

samples. Inter-kingdom correlations were observed between bacterial and fungal 

genera in the plaque samples from the (A) HC, (B) OPL, or (C) OSCC groups. Red: 

positive correlation, blue: negative correlation. Circle size and color shading indicate 

the value of the correlation coefficient, with bigger circles with darker coloring 

representing higher coefficient values (maximum = 1) and smaller circles with lighter 

coloring representing lower coefficient values (minimum = 0). 

 





Supplementary Figure 16. Inter-kingdom correlation at the genera level in saliva 

samples. Inter-kingdom correlations were observed between bacterial and fungal 

genera in the saliva samples from the (A) HC, (B) OPL, or (C) OSCC groups. Red: 

positive correlation, blue: negative correlation. Circle size and color shading indicate 

the value of the correlation coefficient, with bigger circles with darker coloring 

representing higher coefficient values (maximum = 1) and smaller circles with lighter 

coloring representing lower coefficient values (minimum = 0). 
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Supplementary Figure 17. Functional alterations in the plaque bacteriome. The

relative abundance of functional pathways was compared among HC, OPL, and

OSCC individuals. Differentially abundant pathways were plotted, and the exact P

values are presented in the heatmap. Generalized fold change is indicated by color

gradients. The generalized fold change > 0: enriched in the latter; generalized fold

change < 0: enriched in the former.
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Supplementary Figure 18. Functional alterations in the saliva bacteriome. The

relative abundance of functional pathways was compared among HC, OPL, and

OSCC individuals. Differentially abundant pathways were plotted, and the exact P

values are presented in the heatmap. Generalized fold change is indicated by color

gradients. The generalized fold change > 0: enriched in the latter; generalized fold

change < 0: enriched in the former.



0.708

0.351

0.145

0.507

0.397

0.546

0.191

0.281

0.372

0.507

0.672

0.112

0.00784

0.0527

0.16

0.261

0.447

0.153

1

0.665

0.156

0.105

0.112

0.175

0.0529

0.0676

0.0306

0.665

0.0568

0.0684

0.455

0.324

0.488

0.365

0.51

0.062

0.67

0.427

0.459

0.269

0.05

0.8

0.644

0.827

0.104

0.522

0.305

0.455

0.68

0.0131

0.239

0.915

0.599

0.249

0.265

0.467

0.432

0.609

0.743

0.455

0.919

0.544

0.034

0.126

0.971

0.0494

0.00331

0.113

0.426

0.275

0.303

0.0455

0.0144

0.235

0.0542

0.0019

0.0342

0.0919

0.0542

0.0159

0.0295

0.75

0.709

0.219

0.142

0.0382

9.12e−05

0.21

0.0779

0.394

0.0699

0.603

0.363

0.0428

0.0819

0.0229

0.603

0.614

0.952

0.166

0.0661

0.67

0.393

0.628

0.179

0.2

0.062

0.00596

0.67

0.355

0.964

0.205

0.598

0.0118

0.784

0.119

0.654

0.7

0.902

0.488

0.235

0.552

0.00239

0.651

0.163

0.525

0.645

0.944

0.828

0.721

0.52

0.522

0.184

0.414

0.488

0.000528

0.00132

0.758

0.0729

0.333

0.0435

0.994

0.488

0.88

0.893

0.235

0.132

0.393

0.0622

0.105

0.37

0.0837

0.172

0.246

0.564

0.246

0.357

0.993

0.782

0.00913

0.843

0.642

0.948

0.559

0.619

0.619

0.348

0.82

0.355

0.326

0.153

0.0927

0.936

0.12

0.153

0.397

0.278

0.693

0.0602

0.0109

0.0578

0.0194

0.194

0.49

0.0571

0.791

0.000185

0.426

0.0661

0.761

0.087

0.699

0.754

0.761

0.386

0.889

0.509

0.159

0.286

0.486

0.308

0.79

0.268

0.339

0.363

0.396

0.337

0.931

0.0399

0.0545

0.781

0.848

0.505

0.606

0.504

0.706

0.378

0.0831

0.0051

HC_v
s_

OPL_
fc

OPL_
vs

_O
SCC_f

c

HC_v
s_

OSCC_f
c

Bryophyte Parasite−Dung Saprotroph−Ectomycorrhizal−Fungal Parasite−Leaf Saprotroph−Plant Parasite−Undefined Saprotroph−Wood Saprotroph

Plant Pathogen−Plant Saprotroph

Animal Pathogen−Endophyte−Epiphyte−Fungal Parasite−Plant Pathogen−Wood Saprotroph

Dung Saprotroph−Soil Saprotroph

Insect Pathogen

Animal Pathogen−Undefined Saprotroph

Fungal Parasite−Undefined Saprotroph

Undefined Saprotroph−Undefined Symbiotroph

Ectomycorrhizal−Endophyte−Plant Pathogen−Wood Saprotroph

Undefined Saprotroph−Wood Saprotroph

Lichenized−Undefined Saprotroph

Arbuscular Mycorrhizal

Endophyte

Dung Saprotroph−Plant Saprotroph

Ectomycorrhizal−Fungal Parasite−Soil Saprotroph−Undefined Saprotroph

Animal Pathogen−Endophyte−Plant Pathogen−Wood Saprotroph

Dung Saprotroph−Undefined Saprotroph

Wood Saprotroph

Ectomycorrhizal−Fungal Parasite−Plant Pathogen−Wood Saprotroph

Endophyte−Undefined Saprotroph

Animal Pathogen−Endophyte−Plant Pathogen−Dung Saprotroph−Undefined Saprotroph

Dung Saprotroph−Endophyte−Litter Saprotroph−Undefined Saprotroph

Dung Saprotroph−Plant Parasite−Soil Saprotroph−Undefined Saprotroph−Wood Saprotroph

Animal Pathogen−Lichen Parasite−Plant Pathogen−Undefined Saprotroph−Wood Saprotroph

Soil Saprotroph

Animal Parasite−Fungal Parasite

Dung Saprotroph−Ectomycorrhizal−Soil Saprotroph−Wood Saprotroph

Endophyte−Plant Pathogen−Plant Saprotroph

Endophyte−Epiphyte−Fungal Parasite−Insect Parasite

Plant Pathogen−Wood Saprotroph

Endophyte−Litter Saprotroph−Soil Saprotroph−Undefined Saprotroph

Plant Pathogen−Undefined Saprotroph

Endophyte−Plant Pathogen−Undefined Saprotroph

Endomycorrhizal−Plant Pathogen−Undefined Saprotroph

Dung Saprotroph−Endophyte−Plant Pathogen−Undefined Saprotroph

Endophyte−Lichen Parasite−Plant Pathogen−Undefined Saprotroph

Leaf Saprotroph−Plant Pathogen−Undefined Saprotroph−Wood Saprotroph

Dung Saprotroph−Wood Saprotroph

Lichen Parasite−Lichenized

Plant Pathogen

Animal Endosymbiont−Animal Pathogen−Endophyte−Plant Pathogen−Undefined Saprotroph

Ectomycorrhizal

Dung Saprotroph−Ectomycorrhizal−Litter Saprotroph−Undefined Saprotroph

Endophyte−Plant Pathogen

Ericoid Mycorrhizal

Undefined Saprotroph

Animal Pathogen−Clavicipitaceous Endophyte−Fungal Parasite

Plant Saprotroph−Wood Saprotroph

Dung Saprotroph−Plant Saprotroph−Soil Saprotroph

Ectomycorrhizal−Undefined Saprotroph−Wood Saprotroph

Ectomycorrhizal−Fungal Parasite

Fungal Parasite−Plant Pathogen−Plant Saprotroph

Bryophyte Parasite−Leaf Saprotroph−Soil Saprotroph−Undefined Saprotroph−Wood Saprotroph

Dung Saprotroph

Endophyte−Insect Pathogen

Animal Pathogen−Endophyte−Plant Pathogen−Undefined Saprotroph

Lichenized

Animal Pathogen−Fungal Parasite−Undefined Saprotroph

Algal Parasite−Fungal Parasite−Undefined Saprotroph

Animal Pathogen−Endophyte−Fungal Parasite−Lichen Parasite−Plant Pathogen−Wood Saprotroph

Fungal Parasite

Animal Endosymbiont−Animal Pathogen−Undefined Saprotroph

Animal Pathogen−Endophyte−Fungal Parasite−Plant Pathogen−Wood Saprotroph

Dung Saprotroph−Plant Saprotroph−Wood Saprotroph

Epiphyte

Animal Pathogen−Dung Saprotroph−Endophyte−Lichen Parasite−Plant Pathogen−Undefined Saprotroph

Animal Pathogen−Endophyte−Lichen Parasite−Plant Pathogen−Soil Saprotroph−Wood Saprotroph

Animal Pathogen

Ectomycorrhizal−Undefined Saprotroph

Animal Pathogen−Endophyte−Plant Saprotroph−Soil Saprotroph

Bryophyte Parasite−Ectomycorrhizal−Ericoid Mycorrhizal−Undefined Saprotroph

Bryophyte Parasite−Litter Saprotroph−Wood Saprotroph

Endophyte−Plant Pathogen−Wood Saprotroph

Mod
e

Mode
Pathotroph
Pathotroph−Saprotroph
Pathotroph−Saprotroph−Symbiotroph
Pathotroph−Symbiotroph
Saprotroph
Saprotroph−Symbiotroph
Symbiotroph

−4

−2

0

2

4

6



Supplementary Figure 19. Functional alterations in the plaque mycobiome. The 

relative abundance of functional pathways was compared among HC, OPL, and 

OSCC individuals. Differentially abundant pathways were plotted, and the exact P 

values are presented in the heatmap. Generalized fold change is indicated by color 

gradients. The generalized fold change > 0: enriched in the latter; generalized fold 

change < 0: enriched in the former. 
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Supplementary Figure 20. Functional alterations in the saliva mycobiome. The 

relative abundance of functional pathways was compared among HC, OPL, and 

OSCC individuals. Differentially abundant pathways were plotted, and the exact P 

values are presented in the heatmap. Generalized fold change is indicated by color 

gradients. The generalized fold change > 0: enriched in the latter; generalized fold 

change < 0: enriched in the former. 



Supplementary Table 1  Baseline information of the HC, OPL and OSCC groups 

HC, healthy control. OPL, oral premalignant lesion. OSCC, oral squamous cell carcinoma. 
pT stage, pathological T stage. pN stage, pathological N stage. Quantitative data are 
presented as mean ± standard deviation; categorical data are presented as frequency and 
percentage.  

 

Characteristic HC 
(n=30) 

OPL 
(n=32) 

OSCC 
(n=29) 

F /2 P value 

Age, y 56.63±11.12 56.00±13.67 61.97±10.11 2.295 0.107 
Gender, No. (%)    1.338 0.512 

Female 15(50.00) 19(59.37) 13(44.83)   
Male 15(50.00) 13(40.63) 16(55.17)   

Smoking, No. (%)    0.018 0.991 
  Yes 14(46.67) 15(46.88) 14(48.28)   
  No 16(53.33) 17(53.12) 15(51.72)   
Drinking, No. (%)    0.169 0.919 
  Yes 16(53.33) 16(50.00) 16(55.17)   
  No 14(46.67) 16(50.00) 13(44.83)   
Dysplasia, No. (%) 　 　 　   
No  13(40.63%)    
Low grade  13(40.63%)    
High grade  6(18.75%)    
Differentiation, 
No. (%) 

　 　 　 
  

Middle grade   14(48.28%)   
High grade   15(51.72%)   
pT stage, No. (%) 　 　 　   
T1   7(24.14%)   
T2   10(34.48%)   
T3   6(20.69%)   
T4   6(20.69%)   
pN stage, No. (%) 　 　 　   
N0   19(65.52%)   
N1   6(20.69%)   
N2 　 　 4(13.79%)   


