


1. Research Motivation

Genetic Analysis for Disease: occurrence, diagnosis and treatment

Data-driven Disease-Gene Association Prediction:

• Curated Databases – limited knowledge within established frameworks

• Literature Based Discovery (LBD) – the requirement of  expert knowledge

• Propose an adaptable and automatic LBD approach for the following tasks:

1 How to identify the crucial genetic entities for a specific disease.

2 How to predict emerging genetic factors for the target disease.



2. Methodology Framework

Stage 1

Data Collection and 

Pre-processing 

Stage 2

Bioentity2Vec Training and 

Network Construction

Stage 3

Network Analytics



2. Methodology Framework

• Heterogenous Network Construction Chemical: chemical elements, compounds, drugs etc.

Disease: target disease, symptoms, risk factors, 

complications etc.

Gene: refers to a certain segment  of nucleotides o

n chromosome; 

Genetic variant: gene mutation, protein mutation 

and single nucleotide polymorphism (SNP)

Genetic Variant 

Co-occurrence Network

(𝑉𝑣𝑎𝑟𝑖𝑎𝑛𝑡 , 𝐸𝑣𝑎𝑟𝑖𝑎𝑛𝑡)

Gene Co-occurrence Network

(𝑉𝑔𝑒𝑛𝑒, 𝐸𝑔𝑒𝑛𝑒)

Chemical Co-occurrence Network

(𝑉𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 , 𝐸𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙)

Disease Co-occurrence Network

(𝑉𝑑𝑖𝑠𝑒𝑎𝑠𝑒 , 𝐸𝑑𝑖𝑠𝑒𝑎𝑠𝑒)

𝐸𝑔𝑒𝑛𝑒−𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝐸𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙−𝑣𝑎𝑟𝑖𝑎𝑛𝑡

𝐸𝑑𝑖𝑠𝑒𝑎𝑠𝑒−𝑣𝑎𝑟𝑖𝑎𝑛𝑡𝐸𝑑𝑖𝑠𝑒𝑎𝑠𝑒−𝑔𝑒𝑛𝑒

𝐸𝑑𝑖𝑠𝑒𝑎𝑠𝑒−𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙

𝐸𝑔𝑒𝑛𝑒−𝑣𝑎𝑟𝑖𝑎𝑛𝑡



2. Methodology Framework

• Network Analytics – Centrality Measurement

A

E D

C

B

F

Degree Centrality (DC)

𝐷𝐶 𝐴 =
𝑇ℎ𝑒 𝑑𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝐴

𝑁𝑢𝑚 𝑜𝑓 𝑛𝑜𝑑𝑒𝑠 − 1

For node A,  DC = 3/5 = 0.6



2. Methodology Framework

• Network Analytics – Centrality Measurement

A

E D

C

B

F

Closeness Centrality (CC)
𝐶𝐶 𝐴

=
𝑁𝑢𝑚 𝑜𝑓 𝑛𝑜𝑑𝑒𝑠 − 1

𝑡ℎ𝑒 𝑠𝑢𝑚 𝑜𝑓 𝑡𝑜𝑝𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑠
𝑜𝑓 𝐴 𝑡𝑜 𝑜𝑡ℎ𝑒𝑟 𝑛𝑜𝑑𝑒𝑠

For node A,  CC = 
5

1+1+1+2+2
= 0.714



2. Methodology Framework

• Network Analytics – Centrality Measurement

A

E D

C

B

F

Betweenness Centrality (BC)
𝐵𝐶 𝑉𝑖

𝑚

=
σ𝑎𝑙𝑙 𝑝𝑎𝑖𝑟𝑠

𝑛𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ𝑠 𝑝𝑎𝑠𝑠 𝐴
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ𝑠

𝑡ℎ𝑒 𝑛𝑢𝑚 𝑜𝑓 𝑛𝑜𝑑𝑒 𝑝𝑎𝑖𝑟𝑠

For node A, BC = 

1

2
+⋯+⋯

(5∗4)/2



2. Methodology Framework

• Centrality Integration: Non-dominating sorting[2]

Degree Centrality
Closeness 

Centrality

Betweenness 

Centrality

Node A 0.8 0.5 0.7

Node B 0.1 0.3 0.5

Node C 0.3 0.2 0.5

Node D 0.2 0.1 0.2

Node E 0.4 0.5 0.6

• Objective: Comprehensively 

identify dominant nodes with 

3 prior values for all the 

centralities

[2] Y. Yuan, H. Xu, and B. Wang, "An improved NSGA-III procedure for evolutionary many-objective optimization," in Proceedings of  the 

2014 Annual Conference on Genetic and Evolutionary Computation, 2014, pp. 661-668. 



2. Methodology Framework

• Network Analytics – Link Prediction 

A

E D

C

B

F

• Common neighbor-based 

Assumption:  If  two 

unconnected nodes share 

common neighbor(s), there is 

possibility that an edge will 

emerge between them. 



2. Methodology Framework

• Link Prediction - Resource Allocation[3, 4]

A

E D

C

B

F

Resource Allocation Index (B, C)

= σ𝑤∈𝛤(𝐵)∩𝛤(𝐶)
1

|𝛤(𝑤)|

=
1

2
+
1

3
= 0.833

1/2

1/2 1/3

1/3

1/3

1

11

1
1

1

Resource Allocation Index (B, C) 

(weighted version)

= σ𝑤∈𝛤 𝐵 ∩𝛤 𝐶
𝐸(𝑤,𝐵)+𝐸(𝑤,𝐶)

σ𝑣∈𝛤 𝑤 𝐸(𝑤,𝑣)

[3] T. Zhou, L. Lü, and Y.-C. Zhang, "Predicting missing links via local information," The European Physical Journal B, vol. 71, no. 4, pp. 623-

630, 2009.

[4] Zhang, Y., Wu, M., Zhu, Y., Huang, L., & Lu, J. (2020b). Characterizing the potential of  being emerging generic technologies: A prediction 

method incorporating with bi-layer network analytics. Journal of  Informetrics, under review. 



2. Methodology Framework

• Bioentity2Vec Model Training

• Semantic Similarity (“AF”, “ET-1”)  = Cosine Similarity ( 𝐴𝐹, 𝐸𝑇 − 1)

fibrosis
Gd

AF

ET-1

E(t-2)

ET-1

E(t-1)

AF

E(t+1)

AF

E(t+2)

fibrosis

…Plasma big endothelin-1 predicts atrial fibrillation … late gadolinium enhancement…of  AF and fibrosis…. 

Entity Window size = 5

……
E(t)

Gd

E(t)

Gd

Skip-Gram 

Algorithm[1]

[1] T. Mikolov, K. Chen, G. Corrado, and J. Dean, "Efficient estimation of  word representations in vector space," arXiv preprint 

arXiv:1301.3781, 2013.

Gene Disease Chemical Disease Disease



2. Methodology Framework

• Bioentity2Vec & Resource Allocation Incorporation

Proposed Semantic-Enhanced Resource Allocation Index:

𝑅(𝐵,𝐶) = 

𝑤∈𝛤 𝐵 ∩𝛤 𝐶

𝐶𝐹 𝐵, 𝑤 𝑆𝐵,𝑤 + 𝐶𝐹 𝑤, 𝐶 𝑆𝑤,𝐶

σ𝑣∈𝛤 𝑤 𝐶𝐹 𝑣,𝑤 𝑆 𝑆𝑣,𝑤

𝐶𝐹 𝐵,𝑤 is the co-occurring frequency of  entity B and entity w, 𝑆𝐵,𝑤 represents the semantic 

similarity between entities B and w.

Output: a ranking list of  genetic factors



3. Case Study

• Data Collection and Entity Extraction

• PubMed database

“("Atrial Fibrillation"[Mesh] AND Humans[Mesh])”

Search Date: 2020/04/28 

Record Num: 54,219



3. Case Study

• Entity Extraction and Pre-processing

Entity Extraction using Pubtator

MeSH Dictionary

NCBI Gene Dictionary

dbSNP Database

Genes

6,318 biomedical entities5,838 nodes
Remove Isolated Nodes



3. Case Study

• Entity Extraction and Pre-processing

Entity Extraction using Pubtator

MeSH Dictionary

NCBI Gene Dictionary

dbSNP Database

Genes

6,318 biomedical entities5,838 nodes
Remove Isolated Nodes



3. Case Study

• Centrality Measurement - Gene



3. Case Study

• Centrality Measurement - Gene

Top 20 Results by Non-dominating Sorting

Disease

Atrial Fibrillation; Stroke; Heart Failure; Hypertension; Hemorrhage; Diabetes 

Mellitus; Fibrosis; Myocardial Infarction; Cerebral Infarction; Ischemia; 

Thromboembolism; Death; Thrombosis; Inflammation; Coronary Artery Disease; 

Tachycardia; Ventricular Fibrillation; Tachycardia, Supraventricular; Neoplasms; 

Atrioventricular Block

Chemical

Warfarin; Calcium; Amiodarone; Potassium; Digoxin; Ethanol; Verapamil; Sodium; 

Oxygen; Quinidine; Aspirin; Vitamin K; Glucose; Cholesterol; apixaban; Sotalol; 

Nitrogen; Magnesium; Heparin; Propafenone

Gene
CRP; F2; ACE; IL6; AGT; F10; SCN5A; NPPB; KCNA5; PITX2; FGB; GJA5; 

TNNI3; INS; TNF; TGFB1; VWF; KCNQ1; SERPINE1; AGTR1 

SNP

rs2200733; rs6795970; rs2106261; rs2108622; rs3789678; rs13376333; rs17042171; 

rs1805127; rs7539020; rs11568023; rs10033464; rs3807989; rs7193343; rs3918242; 

rs3825214; rs16899974; rs699; rs7164883; rs6584555; rs10824026



3. Case Study

• Link Prediction Validation

Gene Co-occurrence Network

(𝑉𝑔𝑒𝑛𝑒, 𝐸𝑔𝑒𝑛𝑒)

Chemical Co-occurrence Network

(𝑉𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 , 𝐸𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙)

Disease Co-occurrence Network

(𝑉𝑑𝑖𝑠𝑒𝑎𝑠𝑒 , 𝐸𝑑𝑖𝑠𝑒𝑎𝑠𝑒)

𝐸𝑔𝑒𝑛𝑒−𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝐸𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙−𝑣𝑎𝑟𝑖𝑎𝑛𝑡

𝐸𝑑𝑖𝑠𝑒𝑎𝑠𝑒−𝑣𝑎𝑟𝑖𝑎𝑛𝑡𝐸𝑑𝑖𝑠𝑒𝑎𝑠𝑒−𝑔𝑒𝑛𝑒

𝐸𝑑𝑖𝑠𝑒𝑎𝑠𝑒−𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙

𝐸𝑔𝑒𝑛𝑒−𝑣𝑎𝑟𝑖𝑎𝑛𝑡
Roll Back the dataset 

by 5 years

AF



3. Case Study

• Validation Results

Resource Allocation
Weighted Resource 

Allocation

Modified Resource 

Allocation 

(Purposed)

Top k Recall 0.245 0.208 0.283

Top 100 Recall 0.434 0.396 0.472

Top 200 Recall 0.604 0.642 0.736

# k refers to the number of  edges that were removed for node AF, in this experiment k = 53.



4. Limitations and Future Directions

Limitations: 

• Negative associations collected when using co-occurrence

• The genetic research of  AF is still at an early stage, some associations 

between AF and genes haven’t been revealed yet

Future Study: 

• Employ Sentiment analysis to exclude those negative associations 

• Modify the entity extraction rules

• Involve the identified crucial genetic factors to improve predicting 

performance




