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概念

Precision Medicine



Toward Precision Medicine

Biospecimen

OmicsPhenotype

Big Data

Precision Medicine: 

• Diagnosis

• Prognosis

• Therapy

• Monitoring

• Prevention

• Cohorts

• Clinical trials

• Biobank

• EHR/EMR

• Clinical information

• Survival data

• Human Phenomics Project

• Genomics

• Transcriptomics

• Proteomics

• Metabolomics

• Data quality

• Standardization

• Data mining

• SOPs

• 10 types of cancer

• Type 2 diabetes

• Rare diseases



China Precision Medicine Initiative

Cohort Studies Omics Analysis

Clinical

• Genotypes
• Phenotypes
• Environment
• Life Styles

…

• Genomics
• Proteomics
• Metabolomics

…

Large Samples, Big Data

Knowledgebase

Data Curation

Databases

Ontolo
gies

Literatures
Heterogeneous
Huge Data Sets  

Knowledge Graph

• Search Engine
• Data Analysis
• Discovery
• …

• Diagnosis
• Prognosis
• Treatment
• …

Research

Applications in Precision Medicine



Linked Open Data in Biomedince

Source: http://www.w3.org
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Implementation Schema

Knowledgebase of Precision Medicine

USERS（Research and Clinical Application）

Workflows

Ap
pl
ic
at
io
n

“Big Data Platform for Precision Medicine”

Application Interface for Knowledgebase of Precision Medicine

Auto Curation

Resources(Auto Update）

Entity Recognition and semantic Extraction

Literatures Ontology and Semantic Networks

Manual Curation

Biomedical Data Mining

Data from PM Initiative

Knowledge Graph based on 

biomedical  databases
Knowledge Graph 

based on Text Mining

R
es

ou
rc

e

Deep Indexing

Association Mining

Importance Tag

Novelty Analysis

T
ec

hn
ol

og
y 

Public Databases

VisualizationSearch EnginePortal



Drug

Genome
Proteome

Symptom & Disease 
Environment

• treats 

• disrupts

• …… 

• Gene has Mutation 

• Mutation has Size

• ……

• is a

• affects

• complicates 

• co-occurs with

• reformulated to

• tradename of

• has precise ingredient

• ingredient of

• ……

• is associated with 

• interacts with 

• has part 

• ……

PM Ontology and 

Semantic Networks 

面向恶性肿瘤、代谢系统
疾病、呼吸系统疾病、心
脑血管疾病等重大疾病

药物

疾病/症状

通路

蛋白质

基因/基因变异

环境



Ontologies at Different Levels
Biology

Length Metric

100

10-1

10-2

10-3

10-4

10-5

10-6

10-7

10-8

10-9

ICD10(疾病）

SNOMED(疾病)
NCBI 分类系统

SNOMED (器官)

哺乳动物的表型

SNOMED (形态学)

ATCC (细胞株)
Cell Ontology细胞本体(细胞类型)
Gene Ontology基因本体(亚细胞)

Gene Nomenclature 基因命名
Quaternary code 四进制码

Technology

Population

Individual

Organ

Tissue

cell

subcellular

Virus

DNA

Bases



UMLS Semantic Network

• UMLS = Unified 
Medical Language 
System (NLM)

• Composed of:

o Metathesaurus

o Semantic Network

o Lexicon

• Contains 
approximately 5 
million codes 
representing 1 million 
concepts derived from 
100 source 
terminologies



HPO: human phenotype ontology

Structure between phenotype

Relationship between phenotype and disease

http://www.human-phenotype-ontology.org/



http://disease-ontology.org/

DO: Disease ontology



Human phenotype ontologyGene ontology Disease ontology
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PMOV2.0——2018.05

4,567,208 terms; 

1,372,967 concepts

58 ontologies, thesaurus, 

controlled vocabularies
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PMO: sources and statistics

NUMBER OF CLASSES 15621

NUMBER OF INSTANCES 707892

NUMBER OF PROPERTIES 93

MAXIMUM DEPTH 13

MAXIMUM NUMBER OF 

CHILDREN
102

AVERAGE NUMBER OF 

CHILDREN
4

CLASSES WITH A SINGLE 

CHILD
1702

CLASSES WITH MORE 

THAN 25 CHILDREN
83

PMO

Anatomical Structure
(UMLS) 

Cell 
(MeSH)

Disease 
(MeSH)

Phenotypic Abnormality
(HPO)

Chemical and Drug 
(MeSH)

Biological Function 
(UMLS)

Mutation 
(ClinVar)

Gene Product 
(NCIt)

Biochemical Pathway 
(NCIt)

Gene
 (NCBI gene)

Tissue
(MeSH)

Sign and Symptom
(MeSH)

Anatomical Abnormality
(UMLS)

Embryonic Structure
(MeSH)

Body Region
(MeSH)

Cell Component
(MeSH)

Molecular Sequence
(UMLS)

Congenital Abnormality
(MeSH)

Acquired Abnormality
(UMLS)



Concept Definition

Gene A segment of DNA that codes for a protein

Mutation A mutation is an alteration (deletion, insertion, substitution) of nucleotides (DNA, RNA) or 

amino acids (Protein)

Body part An organ or anatomical location in a person. 

Disease An abnormal condition affecting the body of an organism. 

Patient An individual with a disease

Cohort A group of people; specifically any group or population of people that may be assigned a 

disease or characteristic. 

Size A number indicating the number of people in a cohort, or the number/frequency of a 

mutation. 

Age A number or range indicating how old a person/group of people is. 

Gender Terms indicating whether someone is male or female

Geographical 

location

Terms indicating where a person/group of people comes from, either based on ethnic 

origin or where they live. 

…… … …

• Verspoor, K., A. Jimeno Yepes, L. Cavedon, T. McIntosh, A. Herten-Crabb, Z. Thomas and J. P. Plazzer (2013). "Annotating the biomedical 

literature for the human variome." Database (Oxford) 2013: bat019.

Concept types related to genetic mutations



Relationship Definition

Gene has Mutation A mutation occurs in or near a gene, usually at a given position. 

Patient/Cohort has 

Mutation

A patient or cohort has a specific genetic variation. 

Mutation related to 

Disease

A mutation is associated with (or causes) a disease. 

Mutation has Size Indicates the number or frequency of mutations. 

Disease related to Gene A disease is associated with a gene—that is, a gene (when mutated) is 

linked to, or causes a disease. 

Disease related to Body 

Part

A disease may occur in a body part, or have a body part in its name. 

Patient has Age A patient has a given age

Cohort has Age A summary age for a cohort. Often listed as a mean or an age limit. 

Patient/Cohort has 

Gender

A patient or cohort is male or female. 

Patient/Cohort has 

Geographic Location

A patient or cohort has a given ethnicity or lives in a given place. 

Patient/Cohort has 

Disease

A patient or cohort has a disease. 

Cohort has Size The size of a cohort group

…… ……
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Semantic Relationships in PMO
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Precision Medicine Ontology Collaborative Construction Platform 



Complex Semantic Relationship



complex semantic relationships embedded in text

http://www.opennicta.com.au/ho

me/health/variome

http://www.opennicta.com.au/home/health/variome


Top Design of Knowledge Integration



Integration of Databases
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DNA level

RNA level

Protein

Variation  

Variation/Disease 

Pathway

Syndrome/Disease

Diagnosis/Therapy

Drug

Ensembl; MiRBase; TRANSFAC

Uniprotein; PDB; Interpro; Ensembl; 

NCBI; Ensembl; HGNC; Refseq; NONCODE; GO  

dbSNP; dbVar; 1000 Genomes Project

HGMD; OMIM; ClinVar; COSMIC

HPO, MeSH

DrugBank; pharmGKB; TTD

NGC

Small molecule PubChem; CHEBI

Clinical

level 

Molecular

level 

Reactome; KEGG; Reactome; KEGG; NCI PID; 

PhosphoSitePlus; DIP; WikiPathways; Ctd; MiRTarBase; 

HumanCyc; SMPD; HPRD; InAct; BioGRID; ……



Genomics Data Integration

gene Protein coding 20,656

Protein no-coding 38,943



Variation Integration

Variation Disease Variation 

• 10,725 Diseases
• 18,022 genes

Mutation 38,836 Genes



dbSNP

http://www.ncbi.nlm.nih.gov/SNP/

dbSNP build 141：61,060,456

Known SNP database



ClinVar
Known association

http://www.ncbi.nlm.nih.gov/clinvar/



The PharmGKB Knowledge Pyramid

PharmGKB提供以下信息：
VA： Variant Annotations

PW： Drug-Centered Pathway

VIP： Very Important Pharmacogene Summaries

CA：Clinical Annotations

DG：Pharmacogenomics-Based Drug-Dosing Guidelines

DL：Drug Labels with Pharmacogenomic Information

文章发表情况：



http://www.pharmgkb.org/



Network Integration

Pathway Commons v9, BioPAX L3 

PathPPI v2.0 



Pathway Type Edge Type Directionality Edge No.

Signaling

Pathway

SR: Signaling Regulation Directed 172,765

ER: Expression Regulation Directed 122,786

CAI: Complex Assembly Interaction Undirected 177,227

TR: Transport Regulation Directed 7,296

TRc: Transport Regulation chemical Directed 3,285

ca: x chemical affects P Directed 469,519

RNAi: RNAinterference Directed 317,556

TechPPI TechPPI: Technical Protein-Protein Interaction Undirected 316,437

Metabolic

Pathway

Directed 14,428

Directed 22,480

Directed 21,334

Directed 154,975

rw: x reacts with y Undirected 3,912

Network Integration



Source  Database PathPPI v1.0 PathPPI v2.0

Reactome 2012.03.14 v56

NCI PID 2012.03.17 2015.17.27

NetPath 2012.04.14 2012.04.14

INOH 2010.01.31 2011.03.22 (v4.0)

KEGG 2009.10.12 2011.07

BioCarta 2010.08.13

SPIKE 2011.03.22

PhosphoSitePlus 2016.03.15

HumanCyc v19.5

PANTHER 

Pathway
v3.4

TRANSFAC v7.4

miRTarBase v4.5

DrugBank v4.3

Recon X v2.03

Ctd 2015.06.03

SMPD v2.0

WikiPathways 2015.09.29

HPRD R9 R9

IntAct 2013.10.22 2016.02.16

BioGRID R3.2.105 R3.44.135

DIP 2013.07.07 2016.01.14

MINT 2013.03.26

BIND 2010.12.15

CORUM 2012.02.17

Modification
v1.

0

v2.

0
Modification

v1.

0

v2.

0

Acetylation ● ●
ADP-

ribosylation
●

Botinylation ● Acylation ●

Decanoylation ● Alkylation ●

Dimethylation ● Amination ●

Farnesylation ● ●
Carbamoylatio

n
●

Fucosylation ● Carboxylation ●

Galactosylation ● Ethylation ●

Geranylgeranylati

on
● Geranoylation ●

Glucosylation ●
Glucuronidatio

n
●

Glycosylation ● ●
Glutathionylati

on
●

Glycylation ● Glycation ●

Hydroxylation ● ● N-glycosylation ●

Lipoylation ● ●
O-

glycosylation
●

Methylation ● ● Nitrosation ●

Myristoylation ● Prenylation ●

Octanoylation ● Ribosylation ●

Palmitoylation ● Sulfation ●

Phosphopantethei

ne
●

Phosphorylation ● ●

Sumoylation ● ●

Trimethylation ●

Ubiquitination ● ●

26 ModificationNetwork 



Signaling networks

Expression regulatory networks

Complex assembling networks

Transport networks



Knowledge Graph

Record

Gene 

Name

Gene Id Alternative Transcripts OMIM

TP53 COSG5

01

TP53_ENST0000054585

8,

TP53_ENST0000026930

5

191170 Record

Subject Predicate Object

COSG50

1

Gene name TP53

COSG50

1

Aternative Transcripts TP53_ENST000005458

58

COSG50

1

Aternative Transcripts TP53_ENST000002693

05

COSG50

1

OMIM OMIM_TP53

RDF



Visualization of Knowledge Graph



Tools for the Knowledgebase: PMap



Search Engine



Genome browser：EGF



EGF Related Drugs



Drug-Drug Interaction



Cetuximab Targets and Treatments 



















Thank You!


