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Resumen
Objetivo. Evaluar la variabilidad genética del dominio III de
la proteína de envoltura (E) y estimar la relación filogenéti-
ca de los virus dengue 4  (Den-4) aislados en México y en
otras regiones endémicas del mundo. Material y méto-
dos. En el presente trabajo reportamos un estudio filogenéti-
co del dominio III de la proteína de envoltura (E) que se
realizó en 1998 con virus Den-4 aislados en distintos años
en México y en otras partes del mundo. Se usaron oligonu-
cleótidos específicos para amplificar por RT-PCR la región
del dominio III y para obtener la secuencia de nucleótidos.
Mediante el análisis de la secuencia de nucleótidos y de la
secuencia deducida de aminoácidos se estimó la variabili-
dad genética y se generó un árbol filogenético. Para facili-
tar el análisis genético del dominio III se usó la técnica basada
en el polimorfismo de fragmentos generados con enzimas
de restricción (PFER) utilizando seis enzimas de restricción.
Resultados. Los datos demuestran que la información del
análisis de la secuencia de nucleótidos y de aminoácidos de
la región del dominio III es similar a la del gene completo de
la proteína E. El análisis de PFER con las enzimas de restric-
ción Nla III, Dde I y Cfo I,  mostró que los virus Den-4
incluidos en este estudio se agruparon en los genotipos 1 y
2 reportados previamente. Conclusiones. Los resultados
sugieren que el dominio III se puede utilizar como un mar-
cador para estudios filogenéticos y de epidemiología mo-
lecular del virus Den-4. El texto completo en inglés de este
artículo también está disponible en: http://www.insp.mx/
salud/index.html
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Abstract
Objective. To evaluate the genetic variability of domain III
of envelope (E) protein and to estimate phylogenetic rela-
tionships of dengue 4 (Den-4) viruses isolated in Mexico
and from other endemic areas of the world.  Material and
Methods. A  phylogenetic study of domain III of envelope
(E) protein of Den-4 viruses was conducted in 1998 using
virus strains from Mexico and other parts of the world,
isolated in different years. Specific primers were used to
amplify by RT-PCR the domain III and to obtain nucleotide
sequence. Based on nucleotide and deduced aminoacid
sequence, genetic variability was estimated and a phyloge-
netic tree was generated. To make an easy genetic analysis
of domain III region, a Restriction Fragment Length Poly-
morphism (RFLP) assay was performed, using six restriction
enzymes. Results. Study results demonstrate that nucleotide
and aminoacid sequence analysis of domain III are similar to
those reported from the complete E protein gene.  Based
on the RFLP analysis of domain III using the restriction en-
zymes Nla III, Dde I and Cfo I, Den-4 viruses included in this
study were clustered into genotypes 1 and 2 previously re-
ported.  Conclusions. Study results suggest that domain
III may be used as a genetic marker for phylogenetic
and molecular epidemiology  studies of dengue viruses. The
English version of this paper is available too at: http://
www.insp.mx/salud/index.html

Key words: Den-4 virus; phylogenetic analysis; envelope
protein



229salud pública de méxico / vol.44, no.3, mayo-junio de 2002

Phylogenetic analysis of DEN-4 ARTÍCULO ORIGINAL

D engue viruses cause large epidemics of dengue
fever (DF) and Dengue Hemorrhagic Fever/Den-

gue Shock Syndrome (DHF/DSS) in Asia, the Pacific
Region, Africa and America.1 During the period of
1970-1994, dengue-1, 2 and 4 circulated in the Ameri-
can Region and dengue-3 recently reappeared in Cen-
tral America and Mexico.2-4 Dengue-4 (Den-4) was
introduced in the Americas in 1981 and subsequently
spread throughout the Region.3,5 In Mexico, the four
serotypes of dengue have been isolated during epide-
mics of DF and DHF. Even when it is known that
Den-4 viruses have been associated with DF cases in
Mexico,5 Den-4 has also been implicated in DHF epi-
demics in 1984,6 and recently it has been detected in
the brain tissue of a DHF fatal case.7

The antigenic and genetic variability of dengue
viruses has  been reported by several groups.8-15 The
analysis of the flavivirus genome provides informa-
tion about virus evolution and the complex interactions
between viruses and biological factors.16 Phylogenetic
studies on Den-2 suggested that the recent introduc-
tion of the Asian genotype into the Americas, is asso-
ciated with an increased risk  for DHF;17 therefore,
phylogenetic analysis of dengue viruses can be a use-
ful tool for epidemiological surveillance and for the
development of efficient vaccines against dengue.17,18

Moreover, a good example of the information provid-
ed by this type of analysis is the recent observation
reported by Leitmeyer et al19 and Watts et al20 in which
the analysis of dengue- 2 genotypes isolated from pa-
tients with dengue fever and DHF, suggested a  corre-
lation between the severity of the disease and the
infectious genotype. However, the most important
limitation of this type of analysis is the time-consum-
ing nucleotide sequencing procedure. Nevertheless,
Vorndam et al21 recognized Den-2 and Den-3 subgroups
by comparing Restriction Fragment Length Polymor-
phism (RFLP) patterns, which corresponded to those
previously determined by oligonucleotide fingerprint-
ing or genome sequencing,10,11,22 and pointed out that
RFLP differentiates the major genotypes of dengue and
provides a simple and rapid method for monitoring
the relationship of dengue virus populations.

Phylogenetic patterns of Den-4 viruses have been
studied using nucleotide sequences from the entire E
gene.15 In an attempt to improve the phylogenetic anal-
ysis of dengue viruses, we focused on the analysis of
domain III of the E protein of Den-4 virus; since this
region is presumably under immune selective pres-
sure,23 we would expect higher rates of nucleotide
substitution and probably reflects better evolutionary
and epidemiological relationships. Domain III of E pro-
tein has been recently implicated in the emergence of

urban dengue due to the interaction of this domain
with cellular receptors for virus entry; Wang et al re-
ported that six of the eight amino acid changes are in
domain III.16  In fact, some experimental evidence
shows that domain III is the most variable region of
protein E of mosquito-borne flavivirus.24 In the present
work we performed a phylogenetic and a RFLP
approach for rapid molecular analysis using domain
III of the E gene, which could provide a tool for the
analysis of  evolutionary relationships between Den-4
viruses without  having to determine the sequence of
the entire E gene.

Material and Methods
Viruses

Dengue viruses were isolated from human serum in
the mosquito cell line C6/36 and  serotyped by indirect
immunofluorescence using monoclonal antibodies.25

Selected Den-4 isolates from dengue fever cases in
Mexico and six from other parts of the world, were
included (Table I). Strain 0028, isolated in Mexico in
1984 from a DHF case, and Den-4 prototype virus
(strain H241), were also included. Isolates used for
phylogenetic and RFLP analysis were three from Me-
xico: Guerrero (strain 0153), San Luis Potosi (strain SLP-
01) and Puebla (strain 0047)), and six from other parts
of the world: Senegal (strain DAKHD34460), Venezuela
(strain 88609), China (strain BN-L8 TVO259), Malay-
sia (strain  LN-72992), Dominican Republic (strain
TVP2177), and India (strain 611319 TVP2395)).

RT-PCR assay

The oligonucleotides used as primers were designed
using the Oligo 4.0 computer software (National
Biosciences, Playmouth MN, USA), based on the
published nucleotide sequence of Den-4 (strain 814669)
from Dominica (GenBank Accession No. M14931).
Total RNA was extracted from infected cells with
guanidine thiocyanate and phenol-chloroform, using
a previously described procedure.10 The RNA was
resuspended in distilled water and the reverse
transcriptase (RT) reaction was carried out at 37 oC
for 1 h in a reaction mixture (10 µl) containing 5 mM
MgCl2, 500 mM KCl, 100 mM Tris-HCl, pH 8.3, 1U/µl
of RNase inhibitor, 2.5 U/µl of MuLV reverse
transcriptase, 400 µM of nucleotides  (Perkin Elmer,
Norwalk, CT) and 1.2 µM of the anti-sense primer
DENEB-I (21-mer, 5´-GTTTCACCTAGAATGGCCATT-
3´). One µl of RT reaction mixture was used for cDNA
amplification by the Polymerase Chain Reaction (PCR).
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The PCR mixture reaction  (100 µl) contained 500 mM
KCl, 100 mM Tris-HCl, 200 µM of nucleotides, 1.5 mM
MgCl2, 2.5 U DNA Polymerase (Amplitaq; Perkin
Elmer, Norwalk CT) and 1.2 µM of anti-sense (DENEB-

I) and sense primer (DENEB-II; 21-mer, 5´-AAGT-
GCAAAGTCCGTATGGAG-3´). PCR was performed
by an initial DNA denaturation step at 94 oC followed
by 35 cycles of denaturation (94 oC, 1 min), annealing
(56 oC, 1 min) and extension (72 oC, 3 min).  A final
extension step was done at 72 oC for 10 min. DENEB-I
and DENEB-II primers amplified a fragment of 404 bp,
encompassing the domain III region. The primers  were
tested using  RNA extracted from cells infected
separately with the four serotypes, and a fragment of
404 bp was amplified  by RT-PCR only for Den-4 virus
(data not shown).

For cDNA sequencing

The PCR product (404 bp) was excised from agarose
gel and purified using the Geneclean II kit (Bio 101,
Inc) and used as a template in the fmol DNA Sequencing
System (Promega Corporation) using the  primers
DENEB-I and DENEB-II, and [α-35S]dATP (10 µCi/µl).
The sequence of domain III (282 nucleotides) was
obtained using overlapping data from forward and
reverse primers  and used  for phylogenetic analysis.

Phylogenetic analysis

Nucleotide and deduced amino acid sequences encod-
ing domain III  were obtained for 9 Den-4 viruses (Ta-
ble I) and compared with 15 virus sequences from the
GenBank database. Sequence alignments were per-
formed using the Wisconsin Package of the Genetics
Computer Group, Inc. Phylogenetic analysis was done
using the PAUP (Phylogenetic Analysis Using Parsi-
mony) program, with uniform character weights, us-
ing branch and bound and heuristic search algorithms
for most parsimonious trees;26 sequences of serotypes
1, 2 and 3 were used to root the tree. The reliability of
the inferred tree was estimated using the bootstrap
method17,19 with 100 replications, as described by
Felsenstein.27

Restriction enzyme analysis

Based on available Den-4 virus sequences; a computer-
based analysis using the GCG software (Wisconsin
Package, Genetics Computer Group, Inc.) was
performed to analyze polymorphism in domain III
region of envelope protein and six restriction enzymes
were chosen.  PCR products were digested with the
restriction enzymes Mae III, Alu I, Sac I, Nla III, Dde I
and Cfo I. Digestion reactions were performed using
5-10 µl of PCR product, 2.5 µl of appropriate buffer
and 3 U of restriction enzyme in a final volume of 25

Table I
DENGUE 4 VIRUSES ANALYZED BY RESTRICTION

FRAGMENT LENGTH POLYMORPHISM*
AND BY NUCLEOTIDE SEQUENCE COMPARISON‡

Strain Passage history Geographic location Year isolated

0028* Unknown Yucatan, Mexico 1984

0148* C6/36 1 Guerrero, Mexico 1987

0149* C6/36 1 Guerrero, Mexico 1987

0150* C6/36 1 Guerrero, Mexico 1987

0151* C6/36 1 Guerrero, Mexico 1987

0152* C6/36 1 Guerrero, Mexico 1987

0153*,‡ C6/36 1 Guerrero, Mexico 1987

0154* C6/36 1 Guerrero, Mexico 1987

0155* C6/36 1 Guerrero, Mexico 1987

0156* C6/36 1 Guerrero, Mexico 1987

0157* C6/36 1 Guerrero, Mexico 1987

0158* C6/36 1 Guerrero, Mexico 1987

0159* C6/36 1 Guerrero, Mexico 1987

0160* C6/36 1 Guerrero, Mexico 1987

0161* C6/36 1 Guerrero, Mexico 1987

0162* C6/36 1 Guerrero, Mexico 1987

0163* C6/36 1 Guerrero, Mexico 1987

0164* C6/36 1 Guerrero, Mexico 1987

0165* C6/36 1 Guerrero, Mexico 1987

0166* C6/36 1 Guerrero, Mexico 1987

0167* C6/36 1 Guerrero, Mexico 1987

0168* C6/36 1 Guerrero, Mexico 1987

0044* C6/36 1 Puebla, Mexico 1991

0045* C6/36 1 Puebla, Mexico 1991

0046* C6/36 1 Puebla, Mexico 1991

0047*,‡ C6/36 1 Puebla, Mexico 1991

0048* C6/36 1 Puebla, Mexico 1991

0051* C6/36 1 Puebla, Mexico 1991

0067* C6/36 1 Puebla, Mexico 1991

0098* C6/36 1 Puebla, Mexico 1991

SLP-01*,‡ C6/36 1 San Luis Potosi, Mexico 1995

H241*,‡ Unknown Philippines 1956

DAKHD34460*,‡ C6/36-1, SM-3 Senegal 1988

TVP2177*,‡ C6/36-1 Dominican Republic 1989

611319 TVP2395*,‡ SM-14, C6/36-1 India 1990

BN-L8 TVO259*,‡ C6/36-1 China 1990

LN-72992*,‡ AP-61-1 Malaysia 1990

88609*,‡ C6/36-3 Venezuela 1990
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µl. The reaction was performed at 37 oC for 1 h for all
enzymes, except for Mae III (55 oC, 1 h). Digestion
products were separated by electrophoresis in a 3%
agarose gel, stained with ethidium bromide and
visualized under ultraviolet (UV) light.

Results
For phylogenetic analysis, nucleotide sequences en-
compassing domain III (282 bp, 301-394 aa of E pro-
tein) of 24 Den-4 virus strains were compared;
sequences for 15 viruses were obtained from the Gen-
Bank (accession numbers: U18425-U18428, U18430-
U18436, U18438-U18440, U18442). To root the tree the
homologous domain III sequences for  serotypes 1, 2
and 3 were included: Nauru74 strain (M32904), New
Guinea44 (M29095), and Philippines56 strain (L11423),
respectively. Only 9 nucleotide sequences (Table I) of
Den-4 viruses used in this study were included in the
phylogenetic analysis. Three of them represent viral
isolates from dengue outbreaks occurring in Mexico
(strains: 0153/Guerrero87, 0047/Puebla91 and SLP-01/
SLP95) and from other parts of the world (strains:
DAKHD34460/Senegal88, 88609/Venezuela90, BN-
L8TV0259/China90,  LN72992/Malaysia90, TVP2177/
Dominican Republic89 and 611319/India90).

Mexican virus samples included in the phyloge-
netic analysis are representative of DF outbreaks in time
and space.  The nucleotide sequences were submitted
to the GenBank (accession numbers: AF051104 to
AF051112).

Nucleotide sequence comparisons among all
Den-4 viruses included in this study showed a maxi-
mum divergence of 9.3% within  Den-4 viruses. Nu-
cleotide differences along domain III region (282 nt)
occurred at 52  positions (18.4%) and most of them were
silent. The region of maximum variability occurred at
nucleotide sequence 961-1080  with 29 of the 52 chan-
ges, 55.8% (Figure 1). The deduced aminoacid sequence
of domain III analysis showed eight changes␣ (8.6%) and
occurred at positions: Cys-Tyr,326 Thr-Ala,329 Glu-Gln,330

ILe-Val,335 Arg-Lys,344 Val-Ile,351 Tyr-Asn360 and Asp-
Asn384  of E protein; most of these non-silent changes
occurred in the  above mentioned region  (961-1080 nt).

Genetic variability and phylogenetic relationships
among sequenced viruses (Table I) and virus sequen-
ces obtained from GenBank, were estimated and gra-
phically represented using the PAUP program (Figure
2). The resulting phylogenetic tree showed two distinct
groups: one including viruses only from Southeast Asia
(Philippines 1956,1964,1984; Thailand 1963,1984), and
the other including viruses from Asian countries, Afri-
ca, Central America, and South America.

Even the short size of domain III and low varia-
bility of E gene of Den-4 viruses in comparison with
the other serotypes15, phylogenetic analysis of Den-4
using sequences of domain III provides information
that  makes it a suitable target for molecular analysis
using a different methodology instead of nucleotide
sequencing. Our  rationale was that domain III of
Den-4 viruses contains enough variability, therefore
genotypes could be  evidenced by  RFLP analysis. As
described in materials and methods, a computer-based
analysis for all restriction sites on domain III was per-
formed and six enzymes were chosen for RFLP analy-
sis (Mae III, Alu I,Sac I, Nla III, Dde I and Cfo I).

Total RNA of all strains listed in Table I was ex-
tracted from serum or cell lysates and used for RT-PCR
amplification and restriction enzyme digestion, how-
ever, representative RFLP results for only nine isolates
are presented. A similar pattern was obtained in all
samples treated with Mae III, Alu I and Sac I (data not
shown). However, for the Nla III restriction enzyme,
the expected sizes (305 nt and 99 nt) were observed
in all samples, except for Den-4 prototype H241 strain
(Philippines, 1956) (Figure 3a). In the case of enzyme
Dde I, all samples digested, except the prototype,
showed the same fragments (223 nt and 181 nt)  (Fi-
gure 3b). To confirm experimental results, nucleotide
sequence of strain H241 (GenBank accession no.
L11423) was analyzed  for all possible Nla III and Dde
I sites. Analysis showed 3 sites for Nla III (expected
fragment sizes of 259, 85, 46 and 14 nt) that agree with
our results. For Dde I two sites were found (expected
fragment sizes of 181, 167 and 56 nt), as in the Nla III
case, the expected sizes agree with our results. Finally,
the digestion with Cfo I showed the expected fragments
(304 nt and 100 nt), except for the prototype H241 and
Dominican Republic strain (Figure 3c). Both prototype
H241 and Dominican Republic viruses showed 3 dif-
ferent size fragments between them (197, 176 and 31
nt/ 197, 107 and 100 nt, respectively). This finding was
confirmed by sequence analysis␣ of PCR fragments; The
Puerto Rican strain of Den-4 (GenBank accession no.
U18436) had a similar pattern with Cfo I when it was
analyzed by a computer program. In some cases, the
expected small fragments (e.g. the 31 nt fragment for
prototype H241 digested with Cfo I) were not visual-
ized in the agarose gel, however the restriction enzyme
cleavage sites were confirmed by nucleotide sequence
analysis.

Discussion
Genetic analysis of dengue viruses has been a useful
tool for monitoring the transmission of virus genotypes
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901 950
Gro87 ATGTGTTCAG GAAAGTTTTC AATTGACAAA GAGATGGCAG AAACACAGCA

Senegal88 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
India90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .

DomRep89 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
China90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .

Malaysia90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
Venezue90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .

Pueb91 . . . . . . . . . . . . . . . . . C . .         . . . . . . . . . .
SLP95 . . . . . . . . . . . . . . . . . C . .         . . . . . . . . . .
*phi56 . . . . . C . . . . . . . . . . . C . .         . . . . . . . . . .

phi64 . . . . . C . . . . . . . . . . . C . .            . . . . . . . . . .
phi84 . . . . . C . . . . . G . . . . . C . .            . . . . . . . . . .

pric86 . . . . . . . . . . . . . . . . . . . .            . . . C . . . . . .
indon77 . . . . . . . . . . . . . . . . . C . .            . . . . . . . . . .
braz87 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .

caledo84 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
salv83 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
tait79 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
tait85 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
salv94 . . . . . . . . . . . . . . . . . . . .            . . . . . . T . . .
mex84 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .

indon73 . . . . . . . . . . . . . . . . . C . .            . . . . . . . . . .
tailan84 . . . . . C . . . . . . . . . . . C . .            . . . . . . T . . .
tailan63 . . . . . C . . . . . . . . . . . C . .            . . . . . . . . . .

951 1000
Gro87 TGGGACAACA GTGGTGAAAG TCAAGTATGA AGGTGCTGGA GCTCCGTGCA

Senegal88 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
India90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .

DomRep89 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
China90 . . . C . . . . . . . . . . . . . . . .         . . . . . . . . . .

Malaysia90 . . . C . . . . . . . . . . . . . . . .         . . . . . . . . . .
Venezue90 . . . C . . . . . . . . . . . . . . . .         . . . . . . . . . .

Pueb91 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
SLP95 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
*phi56 . . . . . . . . . . . . . . .A. . . .         . . . . . . . . . .

phi64 . . . . . . . . . . . . . . .A . . . .            . . . . A . . . . .
phi84 . . . . . . . . . . . . . . .T . . . .            . . . . A . . . . .

pric86 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
indon77 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
braz87 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .

caledo84 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
salv83 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
tait79 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
tait85 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
salv94 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
mex84 . . . . . . . . . . . . . . . . . . . .            . . . . . . G . . .

indon73 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
tailan84 . . . A . . . . . . . . . . .A . . G .            . . . . . . . . . .
tailan63 . . . . . . . . . . . . A . . . . . . .            . T . . . . . . . .

1001 1050
Gro87 AAGTCCCCAT AGAGATAAGA GATGTAAACA AGGAAAAAGT GGTTGGGCGT

Senegal88 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
India90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .

DomRep89 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
China90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .

Malaysia90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
Venezue90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .

Pueb91 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
SLP95 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
*phi56 . . . . T . . . . . . . . . . . . . . .         . . . . . G . . . .

phi64 . . . . T . . . . . . . . . . . . . . .            . . . . . G . . . .
phi84 . . . . T . . . . . . . . . . . . . . .            . . . . . G . . . .

pric86 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
indon77 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
braz87 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .

caledo84 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
salv83 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
tait79 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
tait85 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
salv94 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
mex84 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .

indon73 . . . . . . . . . . . . . . . . . . . .            . . . . . G . . . .
tailan84 . . . . . . . . . . . . . . . . . . . .            . . . . . G . . . .
tailan63 . . A . . . . . . . . . . . . . . . . .            . . . . . G . . . .

FIGURE 1. COMPARISON OF NUCLEOTIDE SEQUENCES OF DOMAIN III OF DEN-4 VIRUSES ANALYZED BY RFLP (BOLD) AND
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1051 1100
Gro87 ATCATCTCAT CCACCCCTTT GGCTGAGAAT ACCAACAGTG TAACCAACAT

Senegal88 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
India90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .

DomRep89 G . T . . . . . . . . . . . . . . . . .         . . . . . . . . . .
China90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .

Malaysia90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
Venezue90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .

Pueb91 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
SLP95 G . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
*phi56 . . . . . . . . . . . T . . . . . . . .         . . . . . . . T . .

phi64 . . . . . . . . . . . T . . . . . . . .            . . . . . . . . . C
phi84 G . . . . . . . . . . T . . . . . . . .            . . . C . . . . . .

pric86 G . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
indon77 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
braz87 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .

caledo84 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
salv83 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
tait79 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
tait85 G . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
salv94 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
mex84 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .

indon73 . . . . . . . . . . . T . . . . . . . .            . . . . . . . . . .
tailan84 . . . . . . . . . . . T . . . . . . . .            . . . . . . . . . .
tailan63 . . . . . . . . . . . . . . T . . . . .            . . . . . . A . . C

1101 1150
Gro87 AGAATTAGAA CCCCCCTTTG GGGACAGCTA CATAGTGATA GGTGTTGGAA

Senegal88 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
India90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .

DomRep89 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
China90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .

Malaysia90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
Venezue90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .

Pueb91 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
SLP95 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
*phi56 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .

phi64 . . . . . . . . . . . . . . .T . . . .            . . . . . . . . . .
phi84 . . . . . . . . . . . . . . .T . . . .            . . . . . . . . . .

pric86 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
indon77 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
braz87 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .

caledo84 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
salv83 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
tait79 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
tait85 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
salv94 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
mex84 . . . . . . . . . . . . T . . . . . . .            . . . . . . . . . .

indon73 . . . . . . . . . . . . . . .T . . . .            . . . . . . . . . .
tailan84 . . . . . . G . . . . . T . .T . . . .            . . . . . . . . . .
tailan63 . . . . . . . . . . . . T . . . . . . .            . . . . . . . . . .

1151 1182
Gro87 ACAGCGCATT AACACTCCAT TGGTTCAGGA AA

Senegal88 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
India90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .

DomRep89 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
China90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .

Malaysia90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
Venezue90 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .

Pueb91 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
SLP95 . . . . . . . . . . . . . . . . . . . .         . . . . . . . . . .
*phi56 . . . . T . . . . . . . . . . . . . . .         . . . . . . . . . .

phi64 . . . . T . . . . . . . . . . . . . . .            . . . . . . . . . .
phi84 . . . . T . . . . . . . . . . . . . . .            . . . . . . . . . .

pric86 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
indon77 . . . . T . . . . . . . . . . . . . . .            . . . . . . . . . .
braz87 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .

caledo84 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
salv83 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
tait79 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
tait85 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
salv94 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .
mex84 . . . . . . . . . . . . . . . . . . . .            . . . . . . . . . .

indon73 . T . . T . . . . . . . . . . . . . . .            . . . . . . . . . .
tailan84 . . . . T . . . . . . . . . . . . . . .            . . . . . . . . . .
tailan63 . . . . T . . . . . . . . . . . . . . .            . . . . . . . . . .

* Prototype strain H241

FIGURE 1. CONTINUED

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . T . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . C . . . . . . . . . . .

. . . . . . . . . . . G . . . . . T . .

. . . . . . . . C . . G . . . . . T . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . .A . . . . . . . . . . . . G

. . . . . . A . . . . . . . . . . . . G

. . . . . . A . . . . . . . . . . . . G

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . T .

. . . . . . . . . . . . . . . C . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . G

. . . . . . . . . . . . . . . G . . . G

. . . . . . A . . . . . . . . . . . . G

. .

. .

. .

. .

. .

. .

. G

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. G



ARTÍCULO ORIGINAL

234 salud pública de méxico / vol.44, no.3, mayo-junio de 2002

Mota J y col.

associated with the appearance and/or the increase of
severe cases of the disease.17 Sequence variation and
phylogenetic relationships among Den-4 viruses was
first reported by Chungue et al,14 showing a maximum
divergence of 4.9% in nucleotide sequences of the 5´
terminus of the nucleotides encoding the E protein;
however, genotypes could not be distinguished. More
recently, Lanciotti et al15 reported a maximum nucle-
otide divergence of about 8% when E gene of Den-4
viruses from diverse geographic regions were com-
pared, leading to their clustering in two genotypes.

In order to analyze a genome region that can pro-
vide phylogenetic information for Den-4 viruses to
differentiate genotypes, we used  the domain III of the
envelope protein. Our results showed a maximum di-
vergence of 9.3 % that is greater than the 8% reported

by Lanciotti et al,15 considering that  domain III region
is less that 20% of the complete E gene. Our results
support those reported by Gritsun et al,24 who suggest-
ed that variability in envelope protein of flaviviruses
is not randomly distributed along the primary se-
quence but is characterized by distinct variable do-
mains. This is a significant finding because the E
protein is the target for neutralizing antibodies and T-

*Genotypes 1 and 2 reported by  Lanciotti et al15

FIGURE 2. PHYLOGENETIC TREE BASED ON PARSIMONY

ANALYSIS OF NUCLEOTIDE SEQUENCES OF DOMAIN III OF

9 DEN-4 VIRUSES ANALYZED BY RESTRICTION FRAGMENT

LENGTH POLYMORPHISM (BOLD) AND  17 DEN-4 VIRUSES

FROM GENBANK. HORIZONTAL LINES ARE PROPORTIONAL

TO 5% OF DIVERGENCE (BAR IN THE BOTTOM OF FIGURE),
BOOTSTRAP VALUES ARE SHOWN ABOVE THE BRANCHES

FIGURE 3. RESTRICTION FRAGMENT LENGTH POLYMOR-
PHISM ANALYSIS OF REPRESENTATIVE DEN-4 VIRUSES FROM

MEXICO AND OTHER REGIONS OF THE WORLD WITH THE

RESTRICTION ENZYMES: (A) NLA III, (B) DDE I  AND (C)
CFO I. LANES: MW) MOLECULAR WEIGHT, _X174-HAE III,
1) H241 PROTOTYPE STRAIN, 2) 0028 YUCATAN84 STRAIN,
3) 0153 GUERRERO87 STRAIN, 4) SLP-01 SAN LUIS

POTOSI95 STRAIN, 5) 0047  PUEBLA91 STRAIN, 6)
DAKHD34460 SENEGAL88 STRAIN, 7) 88609 VENEZUE-
LA90 STRAIN, 8) BN-L8 TV0259 CHINA90 STRAIN, 9)
LN72992 MALAYSIA90 STRAIN, 10) TVP2177 DOMINI-
CAN REPUBLIC89 STRAIN AND 11) 611319 INDIA90
STRAIN
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cell responses and recently domain III of E protein has
been  identified as a key region during evolution of
dengue viruses and its adaptation to mosquitoes and
human hosts,16 since several aminoacid changes in-
volved  in this evolution and adaptation process are
mapped into domain III.

The phylogenetic tree generated using the domain
III sequences of Den-4 viruses (282 nt) showed two
genetic groups; all Den-4 virus included in this work
except prototype H241 strain (genotype 1), were clus-
tered in genotype 2, according to Lanciotti et al.15 These
results indicated that a shorter sequence than the en-
tire E gene provide phylogenetic information, which
allows to distinguish Den-4 viruses genotypes 1 and 2.

Sequencing of viral genes is a time-consuming and
expensive methodology that is impractical for the anal-
ysis of a large number of  samples. In the present work
we  analyzed domain III of E protein by the RFLP ap-
proach using 6 different restriction enzymes. Den-4
viruses from Mexico and those from other parts of the
world (Senegal88, Venezuela90, China90, Malaysia90,
Dominican Republic89 and India90), showed similar
restriction patterns, except for Den-4 prototype H241
(Philippines56) and Dominican Republic89 virus. The
prototype H241 virus had a different restriction pat-
tern with 3 out of 6 enzymes (Nla III, Dde I and Cfo I)
and the Dominican Republic strain showed a different
pattern only with Cfo I, which differs from that of pro-
totype H241 (Figure 3). Although RFLP has some li-
mitations in its  interpretation, since results do not
directly correlate with more precise sequence analy-
sis, these results allowed us to rapidly classify viruses
into genotypes that correlate with classifications sug-
gested by others.21 This approach has been used in oth-
er viral studies, to quickly address epidemiological
questions.28,29 Using information obtained from res-
triction enzyme patterns of Nla III, Dde I and Cfo I, we
were able to cluster Den-4 viruses into genotypes 1 and
2;15 however,  more virus isolates from genotype 1 of
Den-4 are required to support the usefulness of the
RFLP analysis. In spite of few viruses analyzed belong-
ing to the Den-4 strains of genotype 1 with the enzymes
described above, a computer-based analysis of the
available GeneBank sequences of genotype 1 viruses,
demonstrated that the same restriction sites were
present as in the prototype strain H241 analized here
(data not shown).

To assess the relevance of the presence of both
Den-4 genotypes and their possible association with
severe manifestations of the disease, large molecular
epidemiological studies are needed. However, the lack
of  epidemiological studies of Den-4 epidemics in Me-
xico makes it  difficult to have a clear distribution of

both genotypes, therefore this work  provides an alter-
native methodology for Den-4 virus analysis.

The transmission and human infection by multi-
ple dengue virus serotypes increases the risk for se-
vere disease and recently it has been shown that
genotypes of the same serotype could play an impor-
tant role in the outcome of the  disease.17,20 Since dif-
ferent environmental factors seem to increase the risk
of introducing new dengue virus genotypes into areas
where they did not previously exist, it is important to
screen multiple samples rapidly, to detect their intro-
duction into endemic areas. The RFLP analysis de-
scribed here could be an important research tool to
improve the detection of genetic variants of Den-4 vi-
rus. This information could also be used to correlate
the transmission of specific virus variants and the risk
for severe dengue outbreaks.
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