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Traditional databases contain:

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

V. Brusic 2011
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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
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Ilmmunogenicity

- 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
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KBS COMPONENTS

V. Brusic 2011
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COMBINATORIALLY COMPLEX PROBLEM
EPITOPE-BASED TARGET DISCOVERY FILTERS

V. Brusic, 2011

Future

Early,
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OK,
allelic variation
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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.

V. Brusic 2011



e 958 targets; three time points;
623,155 9-mers

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

e Predictors
of eluted
motifs

V. Brusic 2011



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”
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FLAVIAB
Architecture

V. Brusic, 2011
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FLAVIdDb

rusic,

Of more than 70 species of flaviviruses approx.

nalf causes human disease.

~ive most relevant human flaviviruses alone put
nalf 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



The flavivirus proteome

Flavivirus linear RNA proteome:

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
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Workflows — Query analysis workflow

V. Brusic, 2011
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Blocks conservation analysis
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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
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Block detalls

2722 sequences analyzed, block start: 388,
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Sequence Logo vs Block Logo
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Home Search Tools Work Flows ] Contact us

Search Flavivirus Antigen Database

Search Flavivirus records by keywords.

Choose search type Flavivirus Records -

Input keywaord

Refine your search for Flavivirus records

. Dengue virus type 1 i

Species Dengue virus type 2

Dengue virus type 3 -
Pathology :
Protein
Strain type M
Entry type All v

Human B
Host All Avian

All Mosquito -

Search ” Clear ]

Version 1.0, Feburary 2010. Developed by Bioinformatics Core at Cancer Vaccine Center, Dana-Farber Cancer Institute.



Work Flows

Contactus

Search Flavivirus records using Keyword "Clone"

|Acce55inn |5 pecies |Entr1|r type
|F‘I.FUIIJDEI15 |Japanese encephalitis virus |cnmp|ete proteome
|FUDUDEQ? |Ti|::k-hnrne encephalitis virus |partia| proteome
|FUUUD?UE |Ti|::k—hnrne encephalitis virus |partia| proteome
|F‘I.FUU1348 |Ti|::k—bnrne encephalitis virus |partia| proteome
|F‘I.|'UI:I143T |_Iapaneae encephalitis virus |partia| proteome
|F‘I.|'I:II:I143B |_Iapaneae encephalitis virus |partia| proteome
|F‘I.FU|:I1439 |Japanese encephalitis virus |partia| proteome
|F‘u'l:|l:|1453 |Japaneae encephalitis virus |partia| proteome
|FUUU14EE |Japanese encephalitis virus ||::nmplete proteome
|F‘u’UU1BE3 |I{unjin virus |cnmp|ete proteome
|FUUU1824 |I{unjin virus ||::nrr1plete proteome
|F‘I.|'I:II3211T |Ti|::k-bnrne encephalitis virus ||::nrr1plete proteome
|F‘l.|’l:l|:|229£] |Japanese encephalitis virus |partia| proteome
|F‘I.FUDEEE1 |Japanese encephalitis virus |partia| proteome
|F‘u’ﬂl:|2292 |Japaneae encephalitis virus |partia| proteome
|FUUUEEQ3 |Japanese encephalitis wirus |partia| proteame
|FUUE12294 |Japanese encephalitis virus |partia| proteame
|FUU02295 |_Iapaneae encephalitis virus |partia| proteome
|FUUDEEQE |Japanese encephalitis virus |partia| proteome
|FUU0229? |Japanese encephalitis virus |partia| proteome
|F‘|.ﬂ:||:|2299 |Japaneae encephalitis virus |partia| proteome
|FUUUE??’2 |Japanese encephalitis wirus |partia| proteame
|FUUUET?’B |Japanese encephalitis virus |partia| proteame




Search Tools Work Flows ] Contact us

Flavivirus record FV003366

Protein

accession FvO03366
Genebank

accession AY2TT665

(Genbank GI 33462370

IReference 15041121

|Spe-{:ie5 |Dengue wVirls
|T3'pe |1

|Host |Human

|{:ou ntry |F'aragua].f
Year 2000
Isolate |ARG0028

|Homenclatu re |DEN‘u'1 [Human|PY|[ARGO023]|2000

|Strain Type |wi|d type strain

|Er|tr3' type |cnmplete proteome

Proteome
annotation

show/hide proteome annotation

show/hide T cell epitopes

Predict HLA binders

Protein: anC - Allele: HLA-A™D20T - Peptide length: 9 -



show/hide T cell epitopes

T-cell Epitope sequence HLA allele Reference in Protein

ILGDTAWDEG B7 15827181 envelope protein
SVEFDLISY B62 10453018 nonstructural protein 3
TPEGIIFAL B35 7544398 nonstructural protein 3
VLMLVAHYA AZ 16493038 nonstructural protein 4B
ILLMETTWA AZ 16493038 nonstructural protein 48
MLLALTAWL AZ 16493038 nonstructural protein 44
FLDLPLPWT AZ 16493038 envelope protein
GTSGSPIVHER A1 12808447 nonstructural protein 3
EPWDNIPMY B*a602 17626101 nonstructural protein 5
GTSGSPIVNR A*1101 17565177 nonstructural protein 3
TPEGIIFAL B35 18762226 nonstructural protein 3
Q¥ SDERWCF AZd 16517753 nonstructural protein 2
EIVDLMCHAT DPwz 7690424 nonstructural protein 3
EIVDLMCHAT DPw2 9568963 nonstructural protein 3
VDLMCHATFT DPw2 Q568963 nonstructural protein 2
NREGEDVGLYGHGAS DRB1*1501 16081844 nonstructural protein 3
PTEANAVASEMAEA LEG DRB1*1501 16081844 nonstructural protein 3




FV006412 Dengue 3 NS3
FV006449 Dengue 3 NS3
FV006523 Dengue 3 NS3
FV006526 Dengue 3 NS3
FV006609 Dengue 3 NS3
FV006638 Dengue 3 NS3
FV006648 Dengue 3 NS3
FV006658 Dengue 3 NS3
FV006667 Dengue 3 NS3
FV006746 Dengue 3 NS3
FV006820_Dengue 3 NS3
FV006882 Dengue 3 NS3
FV/003431 Dengue 1 NS3
FV/004134 Dengue 1 NS3
FV/004459 Dengue 1 NS3
FV003936 Dengue 1 NS3
F\V/004259 Dengue 1 NS3
FV004572 Dengue 1 NS3
FV003745 Dengue 1 NS3
FV/003990 Dengue 1 NS3
FV004285 Dengue 1 NS3
FV004355 Dengue 1 NS3
FV/003421 Dengue 1 NS3
FV003575 Dengue 1 NS3
FV003730 Dengue 1 NS3
FV003947 Dengue 1 NS3
FV003450 Dengue 1 NS3
FV003502 Dengue 1 NS3
FV003632 Dengue 1 NS3
FV003634 Dengue 1 NS3
FV003698 Dengue 1 NS3
FV003812 Dengue 1 NS3
FV003825 Dengue 1 NS3
FV003867 Dengue 1 NS3
FV003919 Dengue 1 NS3
FV003969 Dengue 1 NS3
FV003588 Dengue 1 NS3
FV004084 Dengue 1 NS3
FV004189 Dengue 1 NS3
FV004215 Dengue 1 NS3
FV004546 Dengue 1 NS3

PGENEENF O ITMEGT FQT T TGEIGAT AL DFKPGT 3GS P INREGE I VGLY GNGVV T ENGEYVIGTAQTHAE PN
PGENERNFIMPGT P T T TGEIGAT ALDFKPGT SGSPI INREGEIVGLY GNGVV T ENGEYWVSGTAQTHAEPTY
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PGENERNFIMPGT P T T TGEIGAT ALDFKPGT SGSPI INREGEIVGLY GNGVV T ENGEYWVSGTAQTHAEPTY
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PGENERNFIMPGT P T T TGEIGAT ALDFKPGT SGSPI INREGEIVGLY GNGVV T ENGEYWVSGTAQTHAEPTY
PGENERNFIMPGT P T T TGEIGAT ALDFKPGT SGSPI INREGEIVGLY GNGVV T ENGEYWVSGTAQTHAEPTY
PGENERNFIMPGT P T T TGEIGAT ALDFKPGT SGSPI INREGEIVGLY GNGVV T ENGEYWVSGTAQTHAEPTY
PGENERNFIMPGT P T T TGEIGAT ALDFKPGT SGSPI INREGEIVGLY GNGVV T ENGEYWVSGTAQTHAEPTY
BGENERNFTMEGT P T T TGEIGAT ALDFKPGT SGS P INREGEIVGLY GNGV VT ENGEYWVIGT AQTHAEPTY
BGENERNFTMEGT P T T TGEIGAT ALDFKPGT SGS P INREGEIVGLY GNGV VT ENGEYWVIGT AQTHAEPTY
BGENERNV T TEGT FET FEGEVGAT AL DFKPGT SGSFIVNREGEIVGLYGNGV VI TIGTYWVSATAQAKR SOE(
BGENER VT TEGT FET FEGEVGAT AL DFKPGT SGSFIVNREGE IVGLY GNGV VI TIGTYWVSATAQA KR TR
BGENER VT TEGT FET FEGEVGAT AL DFKPGT SGSFIVNREGE IVGLY GNGV VI TIGTYWVSATAQA KR TR
BGENERNV T TEGT FET FEGEVGAT AL DFKPGT SGSFIVNREGEIVGLYGNGV VI TIGTYWVSATAQAKR SOE(
BGENERV O TAPGT FET PEGEVGAT AT DFKPGT SGSFIVNREGE IVGLYGNGV VI TIGTYWVSATAQAKR SOE(
BGENERV O TAPGT FET PEGEVGAT AT DFKPGT SGSFIVNREGE IVGLYGNGV VI TIGTYWVSATAQAKR SOE(
BGENERNV T TEGT FET FEGEVGAT AL DFKPGT SGSFIVNREGEIVGLYGNGV VI TIGTYWVSATAQAKR SOE(
BGENERV T TEGT FET PEGEVGAT AL DFKPGT SGSFIVNREGE IVGLYGNGV VI TIGTYWVSATAQAKR SOE(
BGEN BRI T TEGT FET PEGEVGAT AL DFKPGT 5G5S FIVNREGEIVGLYGNGWVVI TIGT YW SATAQRER SOF(
BGEN BRI TEGT FET FEGEVGAT AL DFKPGT SG5FIVNREGEIVGLYGNGWV VI TIGT YW SATAQR KR SOF(
BGEN BRI T TEGT FET FEGEVGAT AT DFKPGT SG5 P IVNREGEIVGLYGNGWV VI TIGT YW SATAQRKT SQE(
BGEN BRI T TEGT FET FEGEVGAT AT DFKPGT SG5 P IVNREGEIVGLYGNGWV VI TIGT YW SATAQRKT SQE(
BGEN BRI T TEGT FET FEGEVGAT AT DFKPGT SG5 P IVNREGEIVGLYGNGWV VI TIGT YW SATAQRKT SQE(
BGEN BRI T TEGT FET FEGEVGAT AT DFKPGT SG5 P IVNREGEIVGLYGNGWV VI TIGT YW SATAQRKT SQE(
BGEN BRI T TEGT FET FEGEVGAT AT DFKPGT SG5 P IVNREGEIVGLYGNGWV VI TIGT YW SATAQRKT SQE(
BGEN BRI T TEGT FET FEGEVGAT AT DFKPGT SG5 P IVNREGEIVGLYGNGWV VI TIGT YW SATAQRKT SQE(
BGEN BRI T TEGT FET FEGEVGAT AT DFKPGT SG5 P IVNREGEIVGLYGNGWV VI TIGT YW SATAQRKT SQE(
PG PRIV T T PG I FK I FEGEVGAI ALDFKPGT SG5 P IVNREGK IVGLY GNGVVITIGT YV IAT AQAKT SQE(
PG PRIV T T PG I FK I FEGEVGAI ALDFKPGT SG5 P IVNREGK IVGLY GNGVVITIGT YV IAT AQAKT SQE(
PG PRIV T T PG I FK I FEGEVGAI ALDFKPGT SG5 P IVNREGK IVGLY GNGVVITIGT YV IAT AQAKT SQE(
PG PRIV T T PG I FK I FEGEVGAI ALDFKPGT SG5 P IVNREGK IVGLY GNGVVITIGT YV IAT AQAKT SQE(
PG PRIV T T PG I FK I FEGEVGAI ALDFKPGT SG5 P IVNREGK IVGLY GNGVVITIGT YV IAT AQAKT SQE(
PG PRIV T T PG I FK I FEGEVGAI ALDFKPGT SG5 P IVNREGK IVGLY GNGVVITIGT YV IAT AQAKT SQE(
PG PRIV T T PG I FK I FEGEVGAI ALDFKPGT SG5 P IVNREGK IVGLY GNGVVITIGT YV IAT AQAKT SQE(
PG PRIV T T PG I FK T LEGEVGAI ALDFKPGT SG5F IVNREGK IVGLY GNGVVITIGT YV IAT AQARRSOE(
PG PRIV T T PG I FK T LEGEVGAI ALDFKPGT SG5F IVNREGK IVGLY GNGVVITIGT YV IAT AQARRSOE(
PG PRIV T T PG I FK T LEGEVGAI ALDFKPGT SG5F IVNREGK IVGLY GNGVVITIGT YV IAT AQARRSOE(
PR PRIV T TEGI FKT LEGEVGAT ATLDFKPGT 365 FIVNREGK IVGLYGNGVVI TIGT YV IATAQAKR ORI
PGENERITV T TEGI FKT FEGEVGAT AL DFKPGT IG5 F IVNREGK IVGLY GNGVVI TIGT YV IAT AQAKRSOE(




Work Flows Contact us

Sequence variability analysis resuit

Consensus sequence is shown below X axis with consemnved positions in blue. A consemnved position must fulfill:
entropy = 1, gap fraction = 0.1, and consensus amino acid% = 90%.

Entropy and % of consensus amino acid at each position based on 1574 Human Dengue virus type 1 complete
envelope sequences in the database

Download full result file | Download consensus sequence file
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show/hide multiple sequence alignment of Human Dengue virus type 1 envelope proteins



B-cell epitope summary table for 4 dengue virus subtypes (Amino acids highlighted at the positions where neutralizing epitopes appear more often than non-neutralizing epitopes)
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Input key neutralizing positions (seperated by comma) of your interest. They will be highlighted on 3D structure.
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3D structure

Key positions are in red.
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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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