
THE PHYLOGENETIC RELATIONSHIPS OF DENGUE VIRUS

SEROTYPE 4 CIRCULATING IN AN ENDEMIC REGION OF

COLOMBIA.

CINTHY LORENA JIMÉNEZ SILVA
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ABSTRACT

The phylogenetic relationships of Dengue virus serotype 4 circulating in an

endemic region of Colombia. ∗

Cinthy Lorena Jiménez Silva. †

Keywords: Dengue type 4 (DENV-4), Serotype, Genotype.

Dengue viral disease is an emergent global health problem considered a continuing

threat for 2.5 billion people at risk of infection. The DENV viruses are grouped within

four serotypes. Dengue virus type 4 (DENV-4) has been around for 30 years in Colom-

bia. However, the phylogenetic relationships of DENV-4 in Colombia are unknown.

In this study, we present a robust reconstruction of the phylogenetic relationships of

DENV-4 using the complete E gene of 9 isolates sampled in a period covering from

2000 to 2005, and all available E gene sequences from the Genbank, which are circu-

lated in Colombia. Through the parsimony criterion, the maximum-likelihood and the

bayesian analysis, which reconstructed the phylogenetic trees. The analyses revealed

that Colombian strains were grouped in three viral lineages showing different dispersal

routes toward Colombia. However, the phylogenetic relationships of Colombian viruses

isolated in the period 2000-2005 were represented in third lineages and seem to have

come from Venezuela. This study also confirms previous reports showing the circula-

tion of genotype II-subclade 2 of DENV-4 in Colombia. Additionally, We showed the

phylogenetic reconstructions based on different short fragments of the E gene allow

Dengue virus serotyping and genotyping, but they are inappropriate 363 to recover the

phylogenetic relationships.

∗Final degree project: The phylogenetic relationships of Dengue virus serotype 4 circulating in an endemic region of

Colombia.

†Faculty: Ciencias Básicas. Escuela: Bioloǵıa. Director: Daniel Rafael Miranda-Esquivel

Raquel Elvira Ocazionez Jimenez
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RESUMEN

Relaciones Filogenéticas del virus del Dengue serotipo 4 que ha circulado

en un area endémica en Colombia. ∗

Cinthy Lorena Jiménez Silva †

Palabras clave: Dengue tipo 4 (DENV-4), Serotipo, Genotipo.

El virus del Dengue es el agente causal de la Fiebre del Dengue. Se conocen cuatro

serotipos del virus (DENV-1, 2, 3 y 4), y cada uno se agrupan en varios genotipos. En

Colombia, el virus del dengue es altamente endémico presentando la circulación de los

cuatros serotipos. No obstante, se desconocen aspectos relacionados con la filogenia

del serotipo 4. El objetivo planteado en este estudio, fue determinar las relaciones

filogenéticas del virus del Dengue tipo 4 que circuló en un área endémica en Colombia.

Se secuenciarón 9 cepas de Santander y Norte de Santander del gen E, las cuales fuerón

aisladas por el CINTROP-UIS. Y junto a las secuencias disponibles en el GenBank

se analizaron bajo un algoritmo de agrupamiento y alineamiento multiple, después

se reconstruyó las relaciones filogenéticas bajo Parsimonia, Máxima Verosimilitud e

Inferencia Bayesiana, adicionalmente se contrastó la información filogenética entre el

gen E ye sus particiones. Estos análisis permitierón establecer tres linajes virales del

genotipos II han circulado en Colombia, en diferentes peŕıodos de tiempo. Esto sugiere

más de una ruta de introduccción del serotipo hacia el páıs. Por otro lado, Las cepas

del Nororiente Colombiano aisladas del 2000 al 2005 han co-circulado con el Caribe y

Occidente de Venezuela; por lo tanto, un ĺımite poĺıtico no es una barrera geográfica.

Esta información de relevancia en la vigilancia conjunta entre estas regiones.

∗Proyecto de Grado: Relaciones Filogenéticas del virus del Dengue serotipo 4 que ha circulado en un area endémica

en Colombia.

†Facultad: Ciencias Básicas. Escuela: Bioloǵıa. Director: Daniel Rafael Miranda-Esquivel

Raquel Elvira Ocazionez Jimenez
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INTRODUCTION

The Dengue virus (DENV) is an infectious agent belonging to the genus Flavivirus

(family Flaviviridae). It is one of the most important arboviral pathogens in tropical

and subtropical regions of the world [17]. The transmission of the dengue virus is given

from vectors corresponding to Aedes sp mosquitoes [16]. Structurally, this virus is

characterized by an icosahedral capsid which is surrounded by a lipoprotein membrane

or envelope. Its genome is a single-stranded RNA in positive-sense that encodes a

polyprotein organized in three structural proteins and seven nonstructural proteins [3].

The DENV viruses are grouped within four clusters that are antigenically and phylo-

genetically distinct [20] which are called serotypes (DENV1-4). Likewise, the DENV-4

has been grouped into four genetic types based on the divergence of E gene [13,24].

The DENV-4 was detected in the Americas for the first time in 1981 during an epidemic

in the Puerto Rico. Starting this year, the virus spread rapidly invading neighboring

countries and South America. After the event, the DENV-4 has been co-circulating

with the other serotypes, with sporadically predominance but usually coinciding with

the occurrence of an outbreak or epidemic of the other serotypes [23,27]. In Colombia,

the dengue virus is endemic in the majority of the departments with epidemics every

2-4 years (MPS â INS, 2011). Boschell and collaborators reported the presence of the

serotype 4 in 1986 in Colombia [2]. Although the DENV-4 has been around for nearly

30 years, the information documented is limited [2,15,27]. In respect to Santander and

Norte de Santander [6], has published information from 2006 on findings of DENV-4 in

these departments.

In Colombia, the limited knowledge of the characteristics of the virus contributes to

the focus on the control of the abundance of the mosquitoes as a prevention measure

[27]. However, dengue outbreaks occur in localities with lower rates of mosquito in-

festation. This is due to hyperendemicity by the co-circulation of the 4 serotypes, the
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population growth and the constant displacement of the people between regions [19,36].

This prevention strategy assumes that the lower the mosquito infestation the less the

dengue fever; therefore, lower incidence of cases [36].

This study analysed the phylogenetic relationships and the genetic variability of the

dengue virus type 4 in Colombia. We determined the complete sequence of the E gene

of 9 Colombian strains isolated in 2000 and 2005, and we compared them with avail-

able envelope gene sequences retrieved from the GenBank. Subsequently, We evaluated

whether the different fragments of the gene could recover the same relationships as

the complete gene could. These results contribute to the knowledge of the molecular

epidemiology of DENV-4 in Colombia.
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MATERIALS AND METHODS

DATASET .

Sample collection.

Our study included 9 Colombian strains that were circulating in Santander/Norte de

Santander between 2000 and 2005. The Centro de Investigaciones en Enfermedades

Tropicales (CINTROP) and The Public Health Laboratory of the Health Department

of Santander collected the samples. In both cases, we counted on the collection per-

mits. We isolated these DENV-4 strains from patients’ sera and identified the serotype

through direct immunofluorescence with specific monoclonal antibody and RT PCR.

[15,27].

RNA extraction and RT-PCR.

The research team replicated the viral strains in Aedes albopictus cell culture (C6/36),

in an L15 media supplemented with 10% FBS. Subsequently, the cell monolayers ab-

sorbed the virus in order to be infected. Through the column method, we extracted

the total RNA using the QIAamp Viral RNA Mini Kit (Qiagen) following the manufac-

turer’s protocol. After the extraction, we used the SuperScript III reverse transcriptase

(Invitrogen) to retrotranscribe the RNA.

PCR amplification and nucleotide sequencing.

We designed the oligonucleotide primers of the complete envelope gene; based on con-

servative regions from a representative collection of sequences from GenBank. With

13



these primers, we amplified the cDNA using the PCR method, employed the primers

published by [13] and followed the protocol published by [35]. The Macrogen DNA Se-

quencing Service purified and sequenced the PCR-amplified DNA products. By using

the CLC Genomics Workbench 4.5 (CLC Bio, Aarhus, Denmark), we assembled the

local strain sequences.

Clustering analysis.

We retrieved the dataset, which contained the Colombian sequences with all the avail-

able E gene sequences, parcial E gene sequences and the total genome sequences of

serotype 4 collected from the GenBank and published up to July 2011. We discarded

mutant, chimeric, recombinant, and clone sequences based on information available in

the database. We aligned these sequences preliminarily and selected the E gene re-

gion from them. Then, we detected and deleted the identical and chimera remaining

sequences from the dataset using UCHIME in USEARCH package [12]. We wanted

to build a free redundancy dataset, so that under the previous software and by im-

plementing the clustering algorithm, we analyzed the total sequences with different

identity thresholds. We evaluated from 95.0% to 99.9% of the identity thresholds. We

selected the most appropriated identity threshold based on the trend of geographic and

temporal structure of the clusters. Subsequently, the representatives of these clusters

defined the final data base without redundancy.

Alignment and outgroups selection

We aligned the final dataset under the multiple sequence alignment algorithm imple-

mented in MUSCLE v3.8 [11], following the default parameters. On the other hand, we

selected the serotype 1,2 and 3 as outgroups. In this case, we excluded other viruses,

different from Dengue, due to the generation of long branches in the analysis. Besides,

these serotypes allow to root the topologies [26].

THE PHYLOGENETIC ANALYSIS.
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The complete E gene:

We reconstructed the phylogenetic relationships with the complete E gene because it

is considered one of the most conserved regions in the genome of DENV allowing the

study of the spatiotemporal relationships between circulating strains [21]. Furthermore,

it is recommended for phylogenetic studies due to the recognition of the viruses’ cell

host mediated by the envelope protein [25].

Parsimony:

We evaluated three phylogenetic methods (the criteria of Parsimony, Maximum-Likelihood

and Bayesian Inference). First, we performed the parsimony analysis applying ratchet

search and bisection-reconnection (TBR) by swapping branches of wagner trees. We

estimated the bootstrap support based on 1000 replications, which provided the nodal

support of the generated topology, and the values were projected over a strict consen-

sus. We inferred this topology using the TNT v1.1 program [14].

Maximum-Likelihood and model selection:

We determined the best-fit nucleotide substitution model using the hierarchical Like-

lihood tests through the APE package [29] in the R sofware; we also employed Akaike

and Bayesian information criteria implemented in Jmodeltest v0.1.1 [30]. In all cases,

the general time-reversible of the data was the (GTR) + Γ + I model of base sub-

stitution. To determine any bias, we assessed the model by including and excluding

the outgroups in the dataset. Based on the model of base substitution resultant, we

estimated the maximum-likelihood tree and inference bayesian tree. In the Maximum-

Likelihood analysis, we used bio-neighbor joining method to build the starting tree,

and we estimated tree topologies with the BEST (NNI+SPR) approach. Standard and

rapid non-parametric bootstrap with 1000 pseudoreplicates were used to construct re-

liable intervals over the phylogeny. We used the PhyML software [18] for it.
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Bayesian Inference.

Finally, we implemented the bayesian analysis using the BEAST software [9]. We used

Priors by default. We used 7000 generations as sampling frequency and the 25% of

the generations were burn-in. We assessed the convergence through the TRACER v1.5

program [32].

Regions of the E gene:

We recovered the phylogenetic relationships using each region of E gene and the possi-

ble combinations between the regions; according to the regions of the envelope protein

reported by [33]. We used the sequences encoding of the three domains (D1, D2, D3),

a transmembrane region (TR) and the possible combinations (Table 2). Then, we an-

alyzed these regions through the Parsimony criterion and the Maximum Likelihood

analysis using the same procedure as the one used for the complete E gene. In all

cases, the model of the nucleotide substitution was the same as the one we found in the

complete E gene nucleotide model.

We estimated the topologies of the 4 regions and all the 10 possible combinations be-

tween the regions of E gene. The sectioning of regions took place based on the alignment

of the dataset. As a consequence, we obtained 14 topologies and compared them with

the topology of the complete E gene (Table 2). we consider that the assumption that

the complete E gene provided the most reliable results, and that the regions of the E

gene accounted for non-informative subsamples in contrast to the entire gene. We used

three comparison measures. Firstly, we calculated the resolution of the topologies with

the numbers of nodes using the APE package [29] in R software. Secondly, we compared

the similarity between the topologies of the regions in E gene according to the complete

E gene topology; this was accomplished through shared nodes using a function that

we created in R language. Thirdly, the proportions of nodes missed were of two types:

type 1 refered to the nodes that lacked recovering in the regions’ topologies of E gene,
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but that were present in the complete E gene topology; and type 2 refered to the nodes

present in the topologies of the E gene regions that were not shared in the complete E

gene topology.
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RESULTS AND DISCUSSION

SET DATA

Our the dataset presented strains isolated from 1956 to 2011 in 39 countries around

the world. The Colombian E gene sequences of fourteen isolates were 1485 base pairs

(bp)(Table 1). We submitted the Santander/Norte de Santander sequences to the Gen-

Bank under accession numbers ( KC009632-40). The total data were: 411 isolated

composed by viruses of the complete E gene (1480-90 bp), partial E gene (218 bp) and

the complete genome (10561 bp) for the phylogenetic analyses. We selected the 99.6%

identity threshold, which generated unique and informative sample in a non-redundant

database showing the structure of geographic and temporal clusters (Figure 1). Given

this identity threshold, we obtained a set data with 209 representative sequences (Fig-

ure 2). We discarded thresholds lower than the 99.6% due to the loss of geographical

localities and years of the isolations. Additionaly, with higher thresholds, the sample

of a single locality and year of isolation increased showing the redundancy in the data

set.

The clustering analysis based on identity thresholds helped us eliminate the redundant

data, reduce the computational efforts in phylogenetic analysis tasks, aid the under-

standing of the data structure based on the distribution and temporality of the virus

isolation, and correct the bias within the viruses dataset.

THE PHYLOGENETIC ANALYSIS.

The complete E gene:
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We recovered four genotypes of DENV-4 showing monophyletic groups in agreement

with previous researches [4, 13, 22, 24], regardless of the method. The high Bayesian

posterior probabilities (0.99), the high non-parametric bootstrap values (70%) and the

high boostrap (Parsimony criterion) supported these monophyletic groups 3. However,

the general cladogram recovered the same inter-genotypic relationships but different

intra-genotype resolutions.

Genotyping.

The topology showed two restricted genotypes and two widely distributed genotypes [4].

The genotype sylvatic was only present in non-human primates corresponding to the

only isolates from Malaysia and genotype III reported solely for Thail strains. These

genotypes were geographically restricted as reviewed by [4]. In contrast, the genotypes

I and II were widely distributed [4]. Isolated strains from Southeast Asia, India, Sri

lanka and Japan predominated in genotype I. The results showed two subclades that

divided a clade called genotype II. Villabona & Andrade, 2011 reported this subdivi-

sion in other studies. This two subclades were: subclade 1 which was represented by

isolates from Southeast Asia, the French Polynesia and the Americas since 1977 and

up to 2011; and Subclade 2 that corresponded to strains from Southeast Asia since the

2000s and two isolates from indonesia(1973) and China(1978). Therefore, out of the

four genotypes, genotype II was the most diverse in country representatives (Figure 3).

DENV-4 circulating in America

Phylogenetic analysis revealed that the genotype II circulated in America from South-

east Asian countries as previously described by [13]. The American strains, isolated

from 1981-2011, were segregated in eight different groups clustered according to the

year of sampling. This temporal structure showed the oldest isolations were grouped

at the basal position of the clades, which were continued by more recent isolates (Fig-

ure 3). [1, 13] also described this temporal pattern.
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DENV-4 circulating in Colombia.

Our study reaffirmed the circulation of genotype II-subclade 2 in Colombia [7, 28, 34].

The colombian strains segregated into three sub-groupings or viral lineages (COI - III)

that corresponded to three temporal clades. These lineages grouped at least three plau-

sible circulation periods of DENV-4 in Colombia corresponding to isolates from 1982,

1996 - 1997, and 2000 - 2005.

We designated the first lineage (CO-I) as the Caribbean island/Caribbean South Amer-

ica from strains isolated since the 80’s. This lineage appeared in 1981 isolated from

Dominica [13] and we had the first report of DENV-4 in Colombia which was in 1982.

Subsequently, circulated in DO/SR/CO/TT for this period of time, and then disap-

peared. The second lineage (CO-II), northern Central America/northern South Amer-

ica, appeared in 1984 from Mexico and circulated in MX/HN/EC/CO/PE for several

years to then vanish in 2000. This lineage showed the introduction to northeastern

Colombian in 1997.

The last lineage (CO-III) appeared in 1998 in solely northern South-America (CO/VE/EC/PE/BR),

and the last report of circulation was in 2011, which showed an introduction to north-

eastern Colombia in 2000 - 2005. The Santander/Norte de Santander isolates were

very closely related to the Caribbean and the western Venezuela’s isolates. This lin-

eage showed 3 temporal groups among these regions that corresponded to (1997- 2001

CO/VE) group, (2000- 2005 CO/VE) group and (2000-2011 CO/VE/BR) group (Fig-

ure 4).

The data presented here provided strong evidence of the introduction of three different

lineages of DENV-4 that have circulated in Colombia over the last 30 years; showing

different histories by temporal and geographical clusters. These lineages appear and

disappear over time showing lineage exchange by extinction. However, we require a

larger sample size to validate these assertions [31]; and we discard that these genetic

variations are still in circulation in Colombia. This introduction of different lineages to

Colombia would be associated with dispersal routes of DENV-4 since the introduction
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of the serotype into the Americas.

The first report of DENV-4 in northeast Colombia was in 1982; this strain is closely

related to the Caribbean island and Caribbean South America strains isolated in the

early 80’s. The time period of this cluster coincided with the introductions of genotype

II viruses in America that came from the Lesser Antilles to Caribbean South Amer-

ica. [13, 34]. This initial report represents a dynamic of virus movement based on the

invasion phase that corresponded to a period when these viral lineages were absent or

during their creation [5]. This reflects how the genotype II has been able to spread

rapidly. Subsequently, the analysis showed an increase of new lineages of genotype II

of DENV-4. [1, 5]. In contrast, the two new introductions of lineages into northeastern

Colombia coincided with the emergence of lineages which were represented by clades

that comprised strains from the Antilles, different regions of the American mainland

countries or a mixture of both.

The second viral lineage of DENV-4 in northeastern Colombia refers to the appear-

ance of two samples that were reported in 1996 and 1997. This viral lineage appeared

with strains from Mexico/Honduras that may date back to 1984. Then it circulated in

Central America towards South America and finally, it is possible that the viral lineage

disappeared in 2000; according to the last report of isolates from Peru and Ecuador of

that year.

The third viral lineage of DENV-4 in northeast Colombia involves viruses from north-

ern South American regions. Our analysis suggested that this spreading took place

from the western and the Caribbean of Venezuela to the northeast of Colombia, and a

later traffic of strains toward the neighbor countries (Ecuador/Peru and north Brazil).

The groups that were formed between Colombia and Venezuela were given in temporal

clusters: (1997-2001 CO/VE), (2000-2005 CO/VE), (2000-2011 CO/VE/BR). Accord-

ing to the last report (BR/2011) , it is shown that the third viral lineage is spreading

southwards.

This circulation shows that the dispersion of the virus in northeastern Colombia that
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circulated in 2000- 2005 is behaving as a region with Venezuela rather than as a locality.

Villabona et al., 2009 showed this in the DENV-3. The shared cultural/historical and

migrational factors comprised in these neighbouring countries are the most probable

reason for constant circulation of the virus between these both countries. This elimi-

nates the notion of a political division as a geographical barrier.

The regions of E gene:

Genotyping.

We obtained fourteen topologies that represented the E gene partitions. Ten of these

regions recovered the four genotypes of DENV-4 (Figure 6). In all cases, the D2 and

D3 were part of these regions (Figure 6). However, the phylogenetic relationships were

different in respect to the complete E gene. Likewise, These ten topologies showed that

the northeastern Colombian isolates were grouped with the countries of three previously

described viral lineages but, we found unresolved relationships within these clusters.

The comparison measures.

The complete E gene topology presented 138 nodes of reference with Parsimony method

and 158 nodes with Maximum Likelihood method, out of the 210 possible (total tips -

1). In the Parsimony criterion and Maximum Likelihood analysis, none of the regions

E gene topologies recovered the same number of nodes than the ones in the complete

E gene topology; in other words, the partial E gene topology showed a low-resolution

compared to the complete E gene topology. The results showed that the resolution

of topologies were correlated with the size of regions of the E gene; regardless of the

method (Figure 6).

The highest similarity percentage of common nodes in respect to the complete gene

topology was 66,2% with the D12TR topology in Parsimony and 70,5% with the D23TR.

Besides, these regions were the lowest proportions of nodes missed. Therefore, we con-
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sidered them the most informative region of the E gene and the TR topology presented

36,7% in Parsimony and 42,9% in Maximum-Likelihood showing the lowest percentage

of nodes in common, in respect to the complete gene. This region was the highest

proportion of nodes missed. The proportions of nodes missed ââwere proportional to

the similarity value: the lower the similarity the more the proportions of nodes missed

of type 1 and 2. All data demonstrated that the least informative region of E gene was

the TR (Figure 6).

we recovered up to 70,5 % similarity of nodes of the regions of E gene topologies

compared with the complete E gene topology. Therefore, the analysis showed the com-

plete E gene results as the most reliable results compared to gene fragments. This

assumption, based on low saturation exposed by the complete gene sequences, sugges

better-resolved trees than the partitions of gene [10]. The partial gene topologies are

not equal in number to the retrieved and common nodes, in respect to the complete E

gene topology, leading to unreliable phylogenetic trees. However, we can recover the

serotype in all cases and the 4 genotypes in ten topologies.

This study’s results contradict the results reported by [8], as they implemented a

methodology for phylogenetic reconstruction based on a short fragment in the carboxyl

terminal of the E gene in order to establish phylogenetic relationships. In our analysis,

the transmembrane region included the fragment used by [8], which was the least in-

formative region. However , The D2 and D3 regions, or the possible combinations that

include them, were informatives insomuch as we could retrieve the four genotypes. This

could be due to the fact that the domain II and III presented most highly conserved

residues in contrast with other domains [33]. Although along the protein it had a similar

pattern of conservation, the sequences of these two regions are much larger than the TR

region, therefore these two regions presented more conserved residues. Consequently,

these more conserved regions may provide valuable phylogenetic information but still

containing low resolution (polytomies). In contrast to the highly variable regions that

can produce high resolution (fewer polytomies) for trees, but do not reflect the same

topology of the complete E gene.
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CONCLUSIONS

In summary, we suggest that the phylogenetic analysis provided evidence for the three

viral lineages of Genotype II of DENV-4 within Colombia, in different periods of time;

this suggests more than one route of movement through the continent. The Northeast-

ern Colombian strains circulating between 2000 and 2005 are very closely related to

the west and the Caribbean of Venezuela, which shows circulation among these regions;

therefore, a political division is not a geographic barrier. This study revealed that the

fragments of the E gene recover different phylogenetic relationships than the complete

E gene. The findings suggest that the small regions of E gene grouped the genotypes,

but without providing monophyletic relationships. Thus, the fragments allow Dengue

virus serotyping and genotyping, but they are inappropriate to recover the phylogenetic

relationships.
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TABLES

Table 1. The Colombian E gene sequences of the gene analysis. The Colombian

E gene sequences of fourteen isolates were 1485 base pairs. CO: Colombia

Table 2. The statistical table of the complete E gene and the regions of the

gene analysis. The sectioning of regions of E gene represented by the D1, D2, D3, a

transmembrane region (TR) and the possible combinations obtaining fourteen topolo-

gies. M: Four monophyletic groups. I: Genotype I, II: Genotype II, III: Genotype III

and S: Genotype Selvatic. *: Genotype present. NODES: Number of nodes. To: the

similarity between the topologies of the regions in E gene according to the complete E

gene topology. ERR1: the proportions of nodes missed type 1. ERR2: the proportions

of nodes missed type 2. In this section the percentages were according with the 210

possible nodes (total tips - 1).
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Co -- 1982
Co Santander 1996
Co -- 1997
Co Santander 2000
Co Santander 2001
Co Santander 2001
Co Santander 2001
Co Santander 2004
Co Santander 2004
Co Norte de Santander. 2005
Co Norte de Santander. 2005

Country Locality Year

Table 1. The Colombian E gene sequences of the gene analysis.
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Table 2. Complete E gene and the regions of the gene.
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FIGURES

Figure 1. Association among identity thresholds and the spatio-temporal

structure in sequences of DENV-4. A. 99.2% B. 99.6%, C. 99.7% and D. 99.9%.

The cones represent sequences in the date and location of isolation: STRAINS. The

size of the cones is proportional to the number of sequences that circulated in the same

period or location. the shaded regions represent the same cluster. These groups show

patterns of temporal and spatial clustering. Areas with more cones represent samples

more informative.

Figure 2. Identity thresholds VS numbers of seeds. 95.0% to 99.9% represent

the identity thresholds that we evaluated with the number of representative sequences

(seeds) . We selected the 99.6% identity threshold obtaining a set data with 209 repre-

sentative sequences.

Figure 3.Phylogenetic tree reconstruction of four genotypes recuperated

with the Parsimony (PP), Maximum Likelihood (ML) and Bayesian Infer-

ence (BB) analyses. Genotypes are represented as cartoons in different colors. The

tree was rooted using representative strains of DENV1-3

Figure 4. Phylogenetic relationships of Dengue virus type 4 under Maxi-

mum Likelihood approach. Boostrap confidence values are indicated as percentages

above nodes. The tree was rooted using representative strains of DENV1-3. The Colom-

bian lineages represented as CO I-III and the American Lineages by I-VIII. each clade

represented as cartoons a showing the date and country of isolation.

Figure 5. Lineages in Colombia The Colombian lineages represented as CO I-
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III and the American Lineages by I-VIII. each clade represented as cartoons a showing

the date and country of isolation. Each lineach showed the country and year of isolation.

Figure 6. Resolution of topologies Vs size of the sequences in the gene’s

regions: pp( Parsimony), ML( Maximum-Likelihood). Correlation with the size

of regions of the E gene; regardless of the method. The Black represent the regions of

the E gene that recover the 4 genotypes.
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Figures 1. Identity thresholds evaluated using Uclust
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Figures 2. Identity thresholds VS numbers of seeds.
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Figures 3. Four genotypes recuperated with the Parsimony (PP),

Maximum Likelihood (ML) and Bayesian Inference (BB) analyses.
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37



(97-98)
(01)

(98,00)

(00-01)

(04-05)

EC (00-06)
PE (00-08)

(07)

BR (11)
(05)

(07)

BR (11)

PE (00-08)

EC (00-06)

CO-III

CO-II

MX (84)
HN (91)
EC (94)

(96-97)

EC (00)
PE (00)

EC 

PE 

HN (91)

MX (84)

CO-I

V III

III

II SR (40)
CO (82)

PR (82)

DO (81)

TT (82,84)

CO (82) SR (40)

TT (82,84)

PR (82)

DO (81)

Figures 5. Lineages in Colombia.

38



D3 D1

D13D2

D23

D2TR D12
D1TR D13TR

D123

D23TR E GENE

D12TR

E GENE 

0 200 400 600 800 1000 1200 1400 1600

60

80

100

120

140

160

180

PP

ML

D3

TR

TR

D1

D3TR

D3TR

D13

D2

D23
D2TR

D12

D1TR

D13TR

D123

D23TR D12TR

Size of seq

N°nodes 

Recover the four genotypes.

Figures 6. Resolution of topologies Vs size of the sequences in the gene’s

regions: pp( Parsimony), ML( Maximum-Likelihood).
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