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Dengue virus (DENV)
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Pic by T. Jahan - adapted from Henchal and Putnak (1990)

Family Flaviviridae and genus Flavivirus

Genome (11kb) translated into a single polyprotein
(~3390aa)

Polyprotein cleaved to yield 10 different dengue proteins

Four genetically distinct serotypes

Dengue genome/proteome: Whitehead et al., 2007



Motivations

Genetic variation and rapid evolution are hallmarks of 
RNA viruses

Variability is uneven across the genome

RNA viruses are thus marked by protein sites permissive 
to multiple mutations and sites evolutionarily robust and 
highly conserved

Identification and characterization of the historical 
dynamics of such conserved sites potential targets for 
diagnostic, prophylactic and/or therapeutic purposes
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Objectives

Identify protein sequence regions common across the 
four serotypes and present in the majority of the sequences 
of each serotype (pan-DENV sequences)

Characterize pan-DENV sequences for their application 
as candidate targets for diagnostics, prophylactic and/or 
therapeutic purposes
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Methodology overview

Khan et al., 2006, Cell Immunol. 244(2):141-147Khan et al., 2008, PLoS NTDS, 2 (8), e272
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More than 12,000 DENV protein sequences analyzed

Protein DENV1 DENV2 DENV3 DENV4 DENV1-4

(#) (#) (#) (#) (#)

C 298 311 547 122 1278

prM 311 404 590 225 1530

E 1051 1518 910 366 3845

NS1 565 752 308 159 1784

NS2a 238 173 169 125 705

NS2b 224 163 183 44 614

NS3 186 178 297 34 695

NS4a 178 162 151 32 523

NS4b 176 163 150 113 602

NS5 179 187 267 195 828

TOTAL 3406 4011 3572 1415 12404
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44 pan-DENV sequences identified 
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44 pan-DENV sequences identified 
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Entropy used to measure of the diversity of DENV 
and predicted evolutionary stability of the pan-DENV 

sequences

Entropy H  is a measure of uncertainty/randomness

p(i,x) is the probability of a particular nonamer i at nonamer 
position x

Entropy is affected by 
The number of unique peptides
Their relative probabilities

Lower entropy more predictable outcome
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Miotto et al., 2008, 
BMC Bioinformatics 9(1): S18
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Pan-DENV sequences are localized in evolutionarily 
stable low peptide entropy regions

DENV-1

DENV-3

DENV-4

DENV-1 to 4

DENV-2
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27 pan-DENV sequences shared by as 
many as 64 other Flaviviruses
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Each of the 27 pan-DENV sequences was 
shared by at least one and as many as 57 

Flaviviruses
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27 pan-DENV sequences shared by other 
Flaviviruses exhibited low to high % representation
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Pan-DENV sequences are relevant for structure and 
function
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Pan-DENV sequences overlap T-cell epitopes
immunogenic in HLA transgenic mice

30 ELISpot positive 
peptides 22 pan-DENV 
sequences
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Pan-DENV sequences overlap reported DENV 
T-cell epitopes immunogenic in human

15 DENV human T-cell 
epitopes 10 pan-DENV 
sequences
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Summary

The pan-DENV sequence have been relatively free of 
mutations and are predicted to remain conserved

Provides critical data for rational vaccine development, 
structure-based design of candidate inhibitory  
compounds, and improvement of the current diagnostic   
methods

A framework for similar analysis of any other virus
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Analysis of variant representation
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Pan-DENV sequences are localized in regions of low 
variant representation

DENV-1

DENV-3

DENV-4

DENV-1 to 4

DENV-2
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Pan-DENV sequences contained putative 
promiscuous binders that overcome human 

population HLA diversity

34/44 pan-DENV 
sequences predicted to 
contain 100 supertype-
restricted T-cell epitopes

NetCTL – Larsen et al., 2005
Multipred – Zhang et al., 2005
ARB – Bui et al., 2005
Tepitope – Bian & Hammer, 2004


