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Traditional databases contain: 

KNOWLEDGE 

INFORMATION 

DATA 
Focus on extraction of information. Knowledge 
extraction and acquisition left to the user. 







The D2V knowledge hierarchy model. The layers from data to vision decrease in quantity of the 
output but increase in the overall value of knowledge, acquisition cost, and complexity of 
management. Lower layers are more amenable to algorithmic approach and automation, while 
higher levels increase in utilization of conceptualization and modeling approaches. V. Brusic 2011 
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Knowledge based systems (KBS) are: 

Tools of Artificial Intelligence applied to a narrow domain 
to provide analysis, decisions, and explanation. KBS are 
used for knowledge extraction and decision support. 

KBS use: 

- knowledge representation to document knowledge 

- conceptual modeling to capture system properties 

- learning to acquire new knowledge 

- inference mechanisms to produce reasoning and                      
explanation 

V. Brusic 2011 



Leach et al. 2009 PLoS Comput Biol 5(3): e1000215 



Immunogenicity 

- The ability of a substance (antigen) to induce immune            
  response 

- Not inherent property, requires a partner (a T or B cell) 

- Individual-, profile-, history-, challenge- specific 

Immunogenicity, a poorly-defined term  

- Different types of responses possible, fine tuning 

- Every target is immunogenic, given the right context 

- Different laboratory, functional, and clinical outcomes 

- Differs between individuals 
V. Brusic 2011 



PROTEINS • Undesirable or desirable immunogenicity 

INFLUENZA 

DENGUE 

MALARIA 

CANCER 

• Diversity of new variant targets 

• Existing immunogenicity against serotypes 

• Targeting large proteome 

• Targeting cancer-specific antigens 

DIFFERENT OBJECTIVES 

V. Brusic 2011 



CONCEPTUAL 

MODEL 

ANALYTICAL 

TOOLS 

DATABASE OR 

KNOWLEDGE- 

BASE 

KBS COMPONENTS 
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COMBINATORIALLY COMPLEX PROBLEM 
EPITOPE-BASED TARGET DISCOVERY FILTERS 

OK, 
allelic variation 

In development, 
HTMS data 

In development, 
immunodominance 

Early, 
proteogenomics 

Future 
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MALARIA 

STERILE 

IMMUNITY 

B and T 
CELL BASED 

UNKNOWN 

TARGETS 

SCREENING 

GENOMICS 
PROTEO-

MICS 

KBS TO IDENTIFY TARGETS    

MALARIA PROJECT 
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Preliminary data 
 
19 proteins identified as pooled targets of human 
immune responses against P. falciparum. (Trieu et al., 
2011) 
 
958 tanscripts identified in the gene expression study 
in P. yoelii (Mackellar et al, 2011). 
  
Too many transcripts and too few proteins. 
 
Need for a KBS for identification of vaccine targets. 
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Transcripts 
• 958 targets; three time points; 

623,155 9-mers 

T-cell 
epitope 

prediction 

• Neural network predictors: 
100s to 1000s of targets 

Naturally 
processed 

• Predictors  
of eluted 
motifs 

Proteomics 

KBS 
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Prediction threshold  LENGTH CAPTURE 

10 20 50 100 200 1000 

A0201 340 1202 2483   9-mer 63.40% 

H-2Dd 1 11 28 152 9-mer 72.70% 

H-2Kd 304 534 870   9-mer 55.20% 

H-2Db 74 169 331 510 9-mer 69.40% 

H-2Kb 228 433 819   8-mer 77.90% 

Number of predicted peptides for YNN (24 hour liver infection) 
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How to convert data to application? 

 

A next generation database:  

Contains database, knowledgebase, 

analytical tools, and workflows.  

Enables us to extract new knowledge from 

existing data, information, and knowledge 

base in automated fashion. 

V. Brusic, 2011 



“Next generation databases” 

Primary databases 

Literature 

Applied computing Next generation 

database 

Knowledge 

Experimental validation/ 

Clinical testing 

Vaccine 

V. Brusic, 2011 



FLAVIdB 

Architecture 
Data collection 

Data enrichment 

using 

text mining 

Validation Refinement 

Application of tools 

• Summarization 

• Classification 

• Regression 

• Clustering 

 

Knowledge 

Local 

repository 

Data mining 

Data collection 

Data cleaning 
Literature Primary 

databases 
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FLAVIdb 

• Of more than 70 species of flaviviruses approx. 

half causes human disease. 

• Five most relevant human flaviviruses alone put 

half of the world’s population at risk of infection. 

• Fflaviviruses have small single-stranded RNA 

genomes, ideal for rapid integration into a KBS. 

• Dengue virus present an interesting challenge to 

vaccinology because of complications 

associated with secondary infection 

 

V. Brusic, 2011 



The flavivirus proteome 

Flavivirus linear RNA proteome: 

anC prM E NS1 NS2A 2B NS3 4A NS4B NS5 

    Structural proteins                                            Nonstructural proteins 

E 

C 

M 

SS(+)RNA 

 Enveloped nucleocapsid - 50 nm in diameter. 

V. Brusic, 2011 



Three classes of computational tools: 

 

Data retrieval tools 

• Keyword search 

• BLAST query 

 

Basic analytical tools 

• Species classification 

• Multiple sequence alignment 

• Conservation and variability analysis 

• Block entropy analysis 

 

Advanced analytical tools 

• Prediction of T-cell epitopes 

• Analysis of shared features of neutralizing B-cell epitopes (BBscore) 

V. Brusic, 2011 



Tools 

Common approach to discovery of T-cell epitopes as vaccine targets 

 

1. Selection of sequences of interest 

2. Application of T-cell epitope prediction algorithms 

Output: Epitope candidates (data + information) 

3. Conservation and variability analysis to ensure broad coverage of pathogen 

population and host population 

Output: Reduced target set (data + information) 

4. Experimental validation of epitope candidates  

Output: Validated and characterized targets and their context (knowledge) 

 

V. Brusic, 2011 



Workflows: Summary workflow 

FLAVIdb 

Block entropy 

analysis 

Prediction of  

T-cell epitope 

candidates 

Characterization 

of B-cell epitopes 

Conservation 

and variability 

analysis 

Sequence 

selection 

Summary report 
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Workflows – Query analysis workflow 
 

FLAVIdb 

Prediction of  

T-cell epitope 

candidates 

Characterization of 

B-cell epitopes 

Submission of 

sequence 

Query analysis 

report 

Species classifier 
Selection of 

sequence 

Query sequence 

Conservation and 

variability analysis 
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Blocks conservation analysis 

1.551 blocks of 9-mers (5.113 peptides) cover 99% of DENV1-4 with 5 or less peptides 

…As compared to 165 conserved 9-mers, by traditional conservation analysis (Khan et 
al.) 

10-fold increase in the number of conserved vaccine target candidates 

V. Brusic, 2011 



Block details 

2722 sequences analyzed, block start: 388, word length: 9 

# peptide Cons(%) Accum(%) bit height HLA 

NetMHC predicted  

binding affinity 

1 KTFDTEYQK 65.03 65.03 0,84 A0301 5,41 

2 KTFDSEYVK 28.69 93.72 0,37 A0301 7,19 

3 KTFDTEYPK 3.82 97.54 0,05 A0301 3,35 

4 KTFDSEYIK 1.18 98.71 0,02 A0301 8,59 

5 KTFDTEYTK 0.29 99.01 0,00 A0301 4,65 

6 KTFDSEYAK 0.29 99.30 0,00 - - 

7 KTFDTEYIK 0.26 99.56 0,00 - - 

8 RTFDTEYQK 0.11 99.67 0,00 - - 

9 KTFETEYQK 0.11 99.78 0,00 - - 

10 KTFDAEYVK 0.07 99.85 0,00 - - 

11 KTFNTEYQK 0.07 99.93 0,00 - - 

12 KTFDTEYQR 0.04 99.96 0,00 - - 

13 KTFDFEYIK 0.04 100.00 0,00 - - 

V. Brusic, 2011 



Sequence Logo vs Block Logo  

V. Brusic, 2011 
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CONCLUSIONS 
 

Traditional databases are being supplemented by 
knowledge-based systems  
 

KBS integrate data, knowledge base, analytical 
tools, and workflows for multiple automated 
analyses 
 

KBS suggest experiments and learn from results 
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