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1. An additional file for methods and subjects

The inclusion and exclusion criteria for participants 
[bookmark: _Hlk159432960][bookmark: _Hlk159433089]For those aged 1–2 years: The inclusion criteria were as follows: (1) born by normal vaginal delivery; (2) breastfed for 6 months or longer; (3) no history of congenital disease or other severe organic disease; (4) informed consent provided by guardian. The exclusion criteria were as follows: (1) has an acute infectious disease (including tuberculosis, respiratory tract, oral infection), a cough, runny nose, and other infectious symptoms; (2) has been administered drugs (such as antibiotics, enteral nutrition, probiotics, prebiotics, synbiotics, or oral laxatives) within the previous 8 weeks; (3) has undergone an intestinal procedure (e.g., colonoscopy) within the previous 4 weeks; (4) has an autoimmune disease such as rheumatoid arthritis or xerostomia; hypersensitivity symptoms; a chronic disease such as asthma, trauma, epilepsy, chronic bronchitis, or chronic pharyngitis; (5) had obvious abnormalities in indicators in newborn/healthy physical examination reports (within the previous 6 months); (6) has undergone dental or orthodontic surgery, or has suffered from oral ulcers, periodontitis, or another oral disease within the previous 2 months.
[bookmark: _Hlk159433898][bookmark: _Hlk159433922]For those aged over 2 years: The inclusion criteria were as follows: (1) has a history of organic disease within the previous 5 years; (2) consent has been provided to share the physical examination report (within 6 months) with the physician in our team; (3) has maintained a healthy lifestyle and dietary habits for more than 3 months prior; (4) has no oral diseases such as recurrent oral ulcers, dental caries, periodontitis, or another organic disease; (5) has a white or thin and greasy tongue coating; and (6) has voluntarily agreed to participate and has provided written informed consent (for participation of those under 18 or over 80 years of age, the consent of a parent or other legal representative is also required). The exclusion criteria were as follows: (1) has a histopathologically or clinically confirmed oral disease, an acute infectious disease (such as tuberculosis, respiratory tract infection, oral infection, cough, runny nose, or other infectious symptoms), a malignant tumor or another type of organ disease; (2) has been administered drugs that affect oral microbes, such as antibiotics, enteral nutrition, probiotics, prebiotics, synbiotics, oral laxatives, or other drugs (such as PPIs, opioids, H2 antagonists, spasms, anticholinergic drugs, or metformin) within the previous 8 weeks; (3) has undergone an intestinal procedure (e.g., colonoscopy) within the previous 4 weeks; (4) has a history of hypertension, diabetes, hyperlipidemia, renal insufficiency, malignant tumors, cardiovascular system diseases (such as coronary heart disease), respiratory system diseases (such as chronic obstructive pulmonary disease or pneumoconiosis), digestive system diseases (such as liver disease, inflammatory bowel disease, irritable bowel syndrome, or chronic diarrhea), nervous system diseases (such as acute cerebrovascular accident or Parkinson’s) or digestive system surgery (such as gastrointestinal resection); (5) has an autoimmune disease (such as rheumatoid arthritis or xerostomia); hypersensitivity symptoms; a chronic disease (such as asthma, epilepsy, chronic bronchitis or chronic pharyngitis); (6) has a family genetic history; (7) has significant abnormalities in indicators (such as routine blood tests, complete biochemical tests, or thyroid function) on physical examination reports (within the previous 6 months); (8) has depression, bipolar disorder, or another type of mental illness; (9) has undergone dental or orthodontic surgery within the past 2 months and suffers from oral diseases such as oral ulcers and periodontitis, or carries HBV, HCV, HIV, or a chronic viral/bacterial/fungal disease.
The eligible subjects included in the study originated from 10 cities in southern China including seven cities in Zhejiang (Hangzhou, Shaoxing, Jiaxing, Taizhou, Jinhua, Ningbo and Lishui), two cities in Jiangshu (Yancheng and Suzhou), and Shanghai; and four cities in northern China including three cities in Henan province (Zhengzhou, Shangqiu and Puyang) and Beijing.

Details on TC specimen sampling
For those aged under 2 years: Before sampling, 50–100 ml of sterile water was administered to drink. When sleeping, the chin was pressed downwards to open the mouth and a sterile fiber swab (Cat. No. 1U011S.CN; COPAN, Brescia, Italy) was used to scrape the tongue surface by rolling the swab 15 times from the back to the front. This was repeated with a second swab, then the two swabs were placed into a 5-ml Eppendorf (EP) tube prefilled with 1.4 ml of DNA stabilizer (Cat. No. 1038111100; Invitek, Berlin, Germany).
For those aged over 2 years: Before sampling, subjects were asked to gargle twice with sterile water. After extending their tongue, the midline of the tongue was scraped from back to front three times with a TC scraper (Cat. No. FQ-TS010; FMBC, Guangdong China). Then, the tongue surface was scraped from back to front five times by rolling a sterile fiber swab (Cat. No. 1U011S.CN; COPAN, Brescia, Italy) and collecting any TC debris. This swab was placed into a 5-ml Eppendorf (EP) tube prefilled with 1.4 ml of DNA stabilizer. This procedure was repeated with a second swab, which was then also placed into DNA stabilizer. The samples were transferred to our laboratory within 3 days at room temperature.

Details of the PCR assay, PCR product purification and sequencing library construction: The 16S rDNA V3-V4 region was amplified in a reaction mixture containing 15 µl of Phusion® High-Fidelity PCR Master Mix (Cat. No. M0532S; New England Biolabs, Ipswich, UK), Phusion® High-Fidelity DNA polymerase (Cat. No. M0530S; New England Biolabs) and the primers 341F and 806R containing a barcode (10 µl of gDNA and 0.2 mM of each primer). PCR was carried out according to the following procedure: initial denaturation at 98℃ for 1 min, followed by 30 cycles of denaturation at 98℃ for 10 sec, annealing at 50℃ for 30 sec, and elongation at 72℃ for 30 sec; then a final extension at 72℃ for 5 min. PCR products were verified by 2% agarose gel electrophoresis, mixed in equal density ratios (40 ng for each PCR product), then purified using a Qiagen Gel Extraction Kit (Cat. No. 28706; Qiagen, Hilden, Germany). The TruSeq®DNA PCR-Free Sample Preparation Kit (Illumina, San Diego, CA, USA) was used to generate the sequencing libraries according to the kit instructions and index codes for each TC sample were added. The library quality was checked on the Qubit 2.0 Fluorometer (ThermoFisher Scientific, Waltham, Massachusetts, USA) and Agilent Bioanalyzer 2100 system (Agilent, Santa Clara, California, USA). 

Details of the processing of the raw data: Paired-end reads were assigned to samples according to the barcodes, and the sequences of the barcode and primers were truncated; the sequences were then merged using FLASH (VI.2.7, http://ccb.jhu.edu/software/FLASH/)1, and raw tags were generated. High-quality clean tags2 were obtained by FASTP, and compared with the reference database (SILVA database, https://www.arb-silva.de/) using the UCHIME algorithm (http://www.drive5.com/uo.html)3, and after removing chimeric sequences4, effective tags were obtained. After filtering low-quality and chimeric sequences, sequence reads were assigned to operational taxonomic units (OTUs) using a reference-based OTU picking approach with the SILVA database5. 

Reference.

1.	Magoc, T. & Salzberg, S.L. FLASH: fast length adjustment of short reads to improve genome assemblies. Bioinformatics 27, 2957-63 (2011).
2.	Bokulich, N.A. et al. Quality-filtering vastly improves diversity estimates from Illumina amplicon sequencing. Nat Methods 10, 57-9 (2013).
3.	Edgar, R.C., Haas, B.J., Clemente, J.C., Quince, C. & Knight, R. UCHIME improves sensitivity and speed of chimera detection. Bioinformatics 27, 2194-200 (2011).
4.	Haas, B.J. et al. Chimeric 16S rRNA sequence formation and detection in Sanger and 454-pyrosequenced PCR amplicons. Genome Res 21, 494-504 (2011).
5.	Balvociute, M. & Huson, D.H. SILVA, RDP, Greengenes, NCBI and OTT - how do these taxonomies compare? BMC Genomics 18, 114 (2017).




























2. Informed consent form (Translated from Chinese).

We are from the affiliations (NOTE: the name was deleted for the double-anonymized peer review). We will collect your tongue coating and blood samples, and analyze whether tongue coating microbiota is dysbiosis and the degree of imbalance. These results will provide data for discovering the characterize of the dynamics of tongue coating microbiota in healthy chinese community-dwelling populations. Now, you just provide tongue coating and blood samples according to our instruction. The whole process keeps free of charge. These results will be used for scientific research. Thank you for your corporation.

Number：
Patient Sign：
Date:






























3. Informed consent form for scientific research.
Dear participants,
We are from the affiliations (NOTE: the name was deleted for the double-anonymized peer review). We will collect your healthy condition and record your clinical information. The collected tongue coating and blood samples from participants will be used for scientific research. These results and data will provide data for discovering the characterize of the dynamics of tongue coating microbiota in healthy Chinese community-dwelling populations. Thank you for your corporation.
You may choose not to participate in the study. Once you decide to participate in the study, please sign this informed consent form to indicate your consent. Before entering the study, the researcher will screen you to determine if you are a suitable candidate. If you choose to participate in this study, we hope that you will continue to complete the entire study process.
The subjects of this study are healthy people without major diseases. We will collect the health status information of the participants through questionnaires. This study was a cross-sectional study, we collect tongue coating and blood samples for one time, and clinical follow-up and drug observation were not carried out. Tongue coating samples will be sequenced the 16s rRNA V3-V4 region gene, and blood samples will be tested for blood routine and blood biochemistry examination. 
The process involved in this study is free of charge and you do not have to pay for it.
Your information collected during the research will be kept strictly confidential and can only be seen by researchers. Your name will be replaced by numbers and only the researchers will know what your number is. It will not be shared with or given to anyone except our research team. 
The results of the research may be published in the journal in order that other interested people may learn from our research, but confidential information about you will not be shared. You can keep abreast of information and research progress related to this study. If you have questions related to this study, please contact your researcher.
If you fully understand the content of the study and agree to participate in the study, you will sign this informed consent. A copy of this informed consent form will be provided to the participant. 
Statement by the participant:
I confirm that I have read the informed consent form for this study, or it has been read to me. I have had the opportunity to raise questions about this study and any problems that may arise during the study and how to solve them have been explained to me. I have made it clear that my participation in the study is voluntary and that refusing to participate in the study will not prejudice any interests that I am entitled to.
I have been informed that the researchers involved in this study have the right to review the study records and case data, and I consent to their direct access to my study records, and I understand that the information will be treated confidentially.
I consent voluntarily to participate as a participant in this research.
(Participants who are illiterate should include their thumb-print as well.) 

Print Name of Participant__________________
Signature of Participant ___________________
Thumb print of participant_________________
Date ___________________________
Day/month/year

A literate witness must sign (if possible, this person should be selected by the participant and should have no connection to the research team). 

Print name of witness_____________________  
Signature of witness _____________________
Date ________________________ 
Day/month/year

Statement by the researcher/person taking consent
I have accurately read out the information sheet to the potential participant, and to the best of my ability made sure that the participant understands that the following will be done:
1. We will collect your healthy condition and record your clinical information.
2. These data will be used for scientific research. 
3. The collected tongue coating and blood samples will be used for scientific research. 
I confirm that the participant was given an opportunity to ask questions about the study, and all the questions have been answered correctly. I confirm that the participant was not coerced into consent.

Print Name of Researcher/person taking the consent________________________ 
Signature of Researcher /person taking the consent__________________________ 
Date ___________________________ 
Day/month/year



















4. Questionnaire

Questionnaire(Age＞3years)

1. Basic information
Name：         Age：         Gender：         
Height：        cm  Weight：        kg
（1）What is your place of residence?
   - [ ] urban
   - [ ] rural
（2）What is your education level?
   - [ ] illiteracy
   - [ ] primary school education level
   - [ ] lower secondary education level
   - [ ] high school education level
   - [ ] university and higher education level
（3） What is your marital status?
   - [ ] unmarried
   - [ ] married
   - [ ] divorced
   - [ ] widowed

2.Health conditions
（1）Do you suffer from hypertension? (Hypertension were defined by a blood pressure of at least 140/90mm	Hg that measured three times using an automatic manometer in a resting state.)
   - [ ] yes, and blood pressure is controlled below 140/90mmHg after taking the medicine
   - [ ] yes, and blood pressure is above 140/90mmHg after taking the medicine
   - [ ] no    
（2） [bookmark: OLE_LINK1]Do you suffer from diabetes？(Normal glucose tolerance was defined as FPG<6.1mmol per l and PPG<7.8 mmol per l)
   - [ ] yes
   - [ ] no
（3） Do you suffer from other chronic disease？
   - [ ] yes，please specify the name of the disease___________
   - [ ] no

3.Living habits
（1）What about your eating habits?
   - [ ] have vegetables and meat, no partiality, rice as the staple food
   - [ ] vegetarian diet
   - [ ] other, please specify the eating habits________________
（2） How many times do you have bowel movements per week?________________
（3） Do you have laborious defecating during the week?
   - [ ] yes
   - [ ] no
（4） Do you have diarrhea during the week?
   - [ ] yes
   - [ ] no
（5） What is your exercise status?（Exercise/physical work for more than 30 minutes is considered as one exercise）
   - [ ] never/rarely : 1-2times/month
   - [ ] occasionally : 1-2times/week
   - [ ] frequently : 3-5times/week
   - [ ] daily : more than 1 time/day
（6） Are you a smoker?
   - [ ] never smoked
- [ ] yes, smoke up to 5 cigarettes per day
   - [ ] yes, smoke more than 5 cigarettes per day
   - [ ] previous history of smoking, quit for 1 year or more
   - [ ] previous history of smoking, quit for less than 1 year
（7）Are you drinking?
 - [ ] never drank
   -[ ]previous history of alcohol consumption, no alcohol consumption within 1 month
   - [ ] alcohol consumption within 1 month,alcohol <40g/d
 - [ ] alcohol consumption within 1 month,alcohol ≥40g/d
（8）How many times a week do you drink alcohol on average?____________
（9）Do you often stay up late?
 - [ ] yes
 - [ ] no

4.Oral health
（1）Have you experienced any of the following oral problems? (Multiple options available)
    - [ ] gum bleeding
    - [ ] tooth loss
    - [ ] toothache or pulpitis
    - [ ] dental ulcer
    - [ ] dental caries
- [ ] other oral diseases, please specify the name of the disease_________
- [ ] no oral diseases
（2）Do you brush, floss or use mouthwash regularly?
   - [ ] yes, every day
   - [ ] yes, but not every day
   - [ ] no, never or rarely

Questionnaire (Age≤3years)

(This part of the questionnaire can be filled out by the child's parents)

Name：         Age：         Gender：         
Height：        cm  Weight：        kg
（1）What is your place of residence?
   - [ ] urban
   - [ ] rural
（2）What is your mode of delivery?
   - [ ] aginal delivery
   - [ ] cesarean delivery
（3）What is your feeding style？
   - [ ]breast feeding
   - [ ]not breast feeding
   - [ ]mixed feeding
（4） When do you add complementary foods？
__________month
（5） What are the main types of complementary foods you eat?
   - [ ]rice flour
   - [ ]vegetable and fruit puree
   - [ ]egg products
   - [ ]meat and blood products

（6） Have you ever used antibiotics？
   - [ ]never used antibiotics
   - [ ]previous use of antibiotics,no antibiotic use within 1 month
   - [ ]previous use of antibiotics,antibiotic use within 1 month
（7） Whether your mother suffered from maternal hypertensive disorders when she was pregnant？
   - [ ]yes
   - [ ]no
（8） Whether your mother suffered from gestational diabetes when she was pregnant？
   - [ ]yes
   - [ ]no
（9）Do you often stay up late?
 - [ ] yes
 - [ ] no
（10）Have you experienced any of the following oral problems? (Multiple options available)
    - [ ] gum bleeding
    - [ ] tooth loss
    - [ ] toothache or pulpitis
    - [ ] dental ulcer
    - [ ] dental caries
- [ ] other oral diseases, please specify the name of the disease_________
- [ ] no oral diseases
（11）Do you brush, floss or use mouthwash regularly?
   - [ ] yes, every day
   - [ ] yes, but not every day
   - [ ] no, never or rarely







































5. Extended data Fig. S1-S4
Extended data Fig. S1
[image: ]
Extended data Fig. S1 Comparison of the TC microbiota between different age groups. The age groups were as follows: young (≤15 years old), middle-aged (15–70 years old), and older adults (>70 years old). (a) The sex distribution of subjects. (b) Shannon–Wiener curve of each sample. (c–g) Core microbiological analysis (c) and alpha diversity indices [including the Shannon index (d), observed OTU richness (e), Chao index (f) and ace index (g)] and their associated significance with Bonferroni multiple correction (an adjusted p value < 0.001 was considered significant) using the R software package (version 3.2.3, Vienna, Austria). Age did not influence the discrepancies in the number of core microbial communities, and the difference in alpha diversity indexes between the three groups were statistically significant, except for the Shannon index between groups A1 and A3. P values are shown in the Supplementary data S3b; ***, p<0.001. 







































Extended data Fig. S2
[image: ]
Extended data Fig. S2 Distinction of TC microbial composition across ages at the phylum level. (a) The top 10 phyla (colored in red) constituted 99% of the total TC bacteria. (b and c) The results of comparative analysis revealed statistically significant differences in the abundance of 10 predominant phyla, and the statistical data are summarized in Supplementary data S4a; *, p<0.05; **, p<0.01; ***, p<0.001. (d–m) Regression analysis of these 10 phyla abundances across ages using male (colored in red) and female (colored in green) subsamples. These respective scatter plots displayed consistent trends in male and female subsamples, except for the Acidobacteriota phylum in subjects <50 years old. A zero-inflated Gaussian mixture was used based on the normalized count data of the phylum table, and the regression parameters are summarized in Supplementary data S4b. Each dot represents an individual (red dots, male; blue dots, female), and solid lines indicate the age-related trajectories of the log10-transformed relative abundance of each species in the male (red) and female (green) cohorts across ages.
Extended data Fig. S3
[image: ]
Extended data Fig. S3 Distinction of TC microbial composition across ages at the family level. The top 30 families constituted 96% of the total TC bacteria (a), and 19 discriminant families colored in red represent statistically significant differences in abundance among the A1, A2 and A3 groups (b), and the statistical values are summarized in Supplementary data S4c; *, p<0.05; **, p<0.01; ***, p<0.001. (c–u) Scatter plots showing the correlation of families showing statistical differences across ages in the male (colored in red) and female (colored in green) cohorts. These respective scatter plots displayed consistent trends in the male and female subsamples. A zero-inflated Gaussian mixture was used based on the normalized count data of the family table, and the regression parameters are summarized in Supplementary data S4d. Each dot represents an individual (red dots, male; blue dots, female), and solid lines indicate the age-related trajectories of the log10-transformed relative abundance of each species in the male (red) and female (green) cohorts across ages. 







































Extended data Fig. S4
[image: ]
Extended data Fig. S4 The comparisons of the alpha-diversity indices (a) and the significantly different MetaCyc pathways involved in electron carrier and energy generation between the two phenotypes of TC microbiota in older individuals (b). Only pathways with LDA scores (log10) >3.0 and p<0.05 were depicted in LEfSe analysis, and the full name of each pathway is listed and marked in green in Supplementary data S5c.













6. Supplementary data S1-S5

Supplementary data S1 The lifestyles and physical characteristics of each participant (not including the independent validation cohort used in RF regression analysis). 
Supplementary data S1a The lifestyles and physical characteristics of each participant aged ≤3 years old including the information for RF regression analysis. 
Supplementary data S1b The lifestyles and physical characteristics of each participant aged >3 years old including the information for RF regression analysis.




































Supplementary data S2 The identification of indicator microbial OTUs by RF regression analysis. 
Supplementary data S2a 23 microbial OTU indicators derived by RF regression analysis. 
Supplementary data S2b Data for the independent validation cohort used in RF regression analysis.
Supplementary data S2c The co-occurrence in TC of ageing-associated OTUs from SparCC correlation coefficients between sequence abundances.
Supplementary data S2d The best-fit parameters in the regressed results of OTUs selected in the RF regression model across ages.



































Supplementary data S3 The comparisons of TC microbiota diversity.
Supplementary data S3a The median comparison of clinical parameters of 2336 subjects.
Supplementary data S3b The averages comparison of clinical parameters of 2336 subjects.
Supplementary data S3c The reads number of each OTU of TC sample in the rarefaction curve.
Supplementary data S3d The comparison of alpha diversity of the TC microbiota across the age groups: ≤15 years (group A1), middle-aged (group A2) and >70 years (group A3).




































Supplementary data S4 The comparisons of TC microbial phylogenetic composition in the A1, A2 and A3 groups.
Supplementary data S4a Comparison of the age-discriminant phyla between groups A1, A2 and A3 using the Mann–Whitney U test.
Supplementary data S4b Regression parameters in the relationship of the phyla with statistical significance and age.
Supplementary data S4c Comparison of the age-discriminant families between groups A1, A2 and A3 using the Mann–Whitney U test.
Supplementary data S4d Regression parameters in the relationship of the families with statistical significance and age.
Supplementary data S4e Comparison of the age-discriminant genera between groups A1, A2 and A3 using the Mann–Whitney U test.
Supplementary data S4f Regression parameters in the relationship of the genera with statistical significance and age.
Supplementary data S4g The co-occurrence in TC discriminant genera across ages from SparCC correlation coefficients between sequence abundances.
























Supplementary data S5 The data of two TC microbiota phenotypes in subjects >70 years old.
Supplementary data S5a Comparisons of the alpha TC microbiota diversity of the two cluster cohorts.
Supplementary data S5b Comparisons of the age and sex of the two cluster cohorts.
Supplementary data S5c Comparisons of the dominant metabolic pathway in the TC microbiota between the two cluster cohorts using MetaCyc analysis. The genes involved in vitamin and coenzyme metabolism are marked in yellow; the genes involved in amino acid metabolism are marked in red; the genes involved in carbohydrate and energy metabolism are marked in green.
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