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Introduction

Traditional Chinese Medicine:

More than 3,500 years of Chinese medical practice

Holds great potential for treatment of varied diseases 

Evaluated as a great resource for drug research



The quality evaluation of TCM

Composition identification

Active Ingredients Identification 

Mix system

Tool:

High-throughput sequencing 

Bioinformatics



TCM identification: Barcode gene

ITS2

matK

trnH-psbA

trnL

rpoc1

ycf1



Network Pharmacology
System level: medicine-metabolite-genes-disease 

Selects the specific signal node for multi-target drug 

molecular design.

Protein-Protein 

Interaction network

Human metabolite network

Human gene and disease



Herb-compound-target protein/gene-disease



The limitation of current TCM research

Lack comprehensive TCM biological composition identification

Redundancy in multiple databases

Holistic pipeline is still lacking for TCM analysis



http://TCM-Suite.AImicrobiome.cn/

http://tcm-suite.aimicrobiome.cn/
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Material
Data entity Data source # of entries Description Websites

Barcode 

genes(Holmes-

Suite)

NCBI 157,937 marker gene ITS2 https://www.ncbi.nlm.nih.gov/nucleotide/

NCBI 24,267 marker gene matK https://www.ncbi.nlm.nih.gov/nucleotide/

NCBI 5,418 marker gene trnH-psbA https://www.ncbi.nlm.nih.gov/nucleotide/

NCBI 39,643 marker gene trnL https://www.ncbi.nlm.nih.gov/nucleotide/

NCBI 4,086 marker gene rpoc1 https://www.ncbi.nlm.nih.gov/nucleotide/

NCBI 4,119 marker gene ycf1 https://www.ncbi.nlm.nih.gov/nucleotide/

Formula(Wats

on-Suite)
TCM-ID 6,692 Formula and corresponding Herb information http://bidd.group/TCMID/

Herb-

ingredients

(Watson-

Suite)

TCMID 57,249 Herbs and corresponding ingredients http://www.megabionet.org/tcmid/

TCMSP 29,384 Herbs and corresponding ingredients http://tcmspw.com/tcmsp.php

Compounds

(Watson-

Suite)

STITCH 82,841,024 Compound-CID number links http://stitch.embl.de/

TOXNET 103 Compound’s toxicity https://toxnet.nlm.nih.gov/

TCMSP 12,144 Compound http://tcmspw.com/tcmsp.php

SIDER 163,221 Compound’s side effect http://sideeffects.embl.de/

Proteins

(Watson-

Suite)

STITCH 4,523,609 CID number-protein links http://stitch.embl.de/

STRING 4,274,001 Protein interactions http://www.string-db.org/

OMIM 2,449,433 Proteins and corresponding aliases http://omim.org/

OMIM 15,591 Approved gene and MIM number http://omim.org/

Diseases 

(Watson-

Suite)

OMIM 7,086 MIM number-disease links http://omim.org/

TCMSP 837 Gene-disease associations http://tcmspw.com/tcmsp.php

GAD 167,130 Gene-disease associations https://geneticassociationdb.nih.gov/
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Data resources and database construction

(A)The species distribution for six marker 

genes. 

(B)The length distribution for six marker 

gene database.

(C)Node distribution for six kinds of 

pharmacology networks in Watson 

database. 

(D)Degree distribution for six kinds of 

pharmacology networks in Watson 

database.



Accuracy and efficiency analyses for TCM biological 
composition identification of Holmes-Suite

Existing Database Number of sequences Latest update time Website

ITS2 Ribosomal RNA Database 113,364 2015-08-07 http://its2.bioapps.biozentrum.uni-wuerzburg.de/

TCMBarcode

Database
452,517 2018-05-06 http://www.tcmbarcode.cn/en/

Holmes-Suite

Database
1,251,548 2021-07-27 http://TCM-Suite.AImicrobiome.cn

Table 2. Databases used for comparison of biological composition of TCM.

(A) Genus-level sensitivity and (B)

species-level sensitivity were shown for 

three databases. 



Accuracy and efficiency analyses for TCM biological 
composition identification of Holmes-Suite

(C) The number of entries (DNA-based marker sequences) 

contained in each database (blue) and data component of 

Holmes-ITS2 (ITS2 part of the Holmes-Suite database). 

(D) From inside to outside of the taxonomy hierarchical tree, 

each node representing a taxon with a different level of 

taxonomy such as kingdom, phylum, class, etc. 

(E) HMM prediction for training the ITS2 sequence edge model 

and (F) identification with BLAST and Kraken search engines. 



Database features and web interface

The interconnection of Holmes-Suite

and Watson-Suite databases.

(A) Fuzzy matching of biological

composition for interconnection of

Holmes-Suite and Watson-Suite.

(B) The detailed species information

page for Holmes-Suite database.

(C) The detailed herbal information

page for Watson-Suite database.



Database features and web interface



Case study: the investigation of COVID-19

A total of 15 drug targets, 52 compounds and 86 biological ingredients. 

86 biological ingredients were identified as important components of clinically effective TCM to cure COVID-19. 

Lonicera japonica, Scutellaria baicalensis, and Forsythia suspensa are the active ingredients of Shuanghuanglian; 

Forsythia suspensa, Ephedra sinica, Lonicera japonica, Isatis indigotica, Mentha haplocalyx, Dryopteris crassirhizoma, are the 

main component of Lianhua Qingwen capsule. 

Symptom # Gene target # Compound
# Biological 

ingredient

SARS-

coronavirus
3 54 156

Pneumonia 10 67 138

Typhoid fever 8 60 215

Cough 5 46 215

Dyspnea 1 13 100

Diarrhea 12 25 125

Gene Compounds biological ingredients

ACE2 12 58

SLC6A20 23 128

SIT1 1 2

CCR9 2 8

CXCR6 14 54



Conclusion
• For TCM biological ingredient identification, we developed a highly accurate, 

comprehensive, and efficient identification system Holmes-Suite.

• For network pharmacology analysis, Watson-Suite enables deeper mining of 
the pipeline for “herb-compound-protein-disease” interpretation

• TCM-Suite achieved a smooth interconnection between Holmes-Suite and 
Watson-Suite, illustrating its great potential for TCM-based drug discovery and 
repurposing.
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