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Abstract: [ Objects] To isolate and identify the pathogen of the large outbreak of dengue in Guangdong province in 2014. To
understand the origin and the phylogenetic characteristics of the isolates, and provide scientific foundation for the surveillance and

prevention of dengue fever. [ Methods] Collected the patient serum samples over all the Guangdong province during the 2014 outbreak
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period, isolated and identified the virus from these samples. Amplified complete E gene and complete genome with certain primers
and sequenced all the products. Then the Phylogenetic, Bayesian phylogeography and mutations analysis were carried. [ Results] 40
DENV-1 strains were isolated and identified. 40 complete E gene sequences and 6 complete genome sequences of DENV—-1 were
obtained. Phylogenetic analysis with E gene sequences revealed that the 40 isolates were classified into two genotypes including 16
genotype I (Asia) and 24 genotype V (America/Africa). 14 genotype I isolates were clustered closest with isolates from Guangdong
province (2013) and Sigapore (2013) which share the nucletide identities of 99.6% ~ 99.9% , other two genotype I isolates were
clustered with strains from Malaysia (2013) and both share the nucletide identities of 99.7% ; 24 genotype V isolates were all
classified in one clade with striains from Bangladesh (2009), China (2009) and Bhutan (2013) which share nucletide identities of
99.0%~-99.9% . Further analysis with six complete genome sequences showed that five isolates were clustered closest with strains
isolated from Guangdong province (2013) share the nucletide identities of 99.6%—-99.8% while the sixth stains closest with strains
isolated from Myanmar (2002) share the nucletide identities of 98.8%. The isolates have five amino acid mutations compared with
strains epidemic in Guangdong province in 2013, three mutations (S88V, E203G, T275R) are in the E Il domain and one mutation
(S305P) is in the ETIl domain which associated with virulence. [ Conclusions] During the outbreak in Guangdong province in 2014,
DENV-1 is the predominant causative serotype, and there are at least two different kinds of genotypes of DENV—1 largely epidemiced
in the whole province. Evolution analysis reveals the multiple origins of the isolates which may origin from Guangdong province,
Sigapore, Malaysia, Myanmar so that we should enhance the study and surveillance of autochthonous and vectors in order to
understand the epidemic way of dengue in Guangdong province. The isolates have had four mutations in the domain associated with
virulence which remain further study to know their biological effects.
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analysis
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Table 1 Primers used for amplifying and sequencing E

gene and complete genome of DENV-1

Gene Primer sequences(5’-3") Products

E gene  FL.TCATTTTGTTGATGCTGGTAACAC 1-927
RI:ACATCCCTTTTAAGGTCAGTTTG
F2:CGACAGAAATCCAAACGTCTGGA 835-1804
R2:CCACTAACATCTCCTACGACCACT

M13 F:TGTAAAACGACGGCCAGT 1-18
R:CAGGAAACAGCTATGACC

Complete FI:AGTTGTTAGTCTACGTGGACCGACAAG 1-705

Genome RLITGTCTCGTCGGTGTTCGCCAGTT
F2:CTATGGAACGTGTTCTCGAACTGGC 665-1498
R2:CTGGGTGAGCAATCCAATGTAAGAG
F3:GCAACCATAACACCTCAAGCTCCTAC  1419-2290
R3:GAAACACCGCTGAACAAAACTCCAT
F4:GTACACCAGATCTTTGGAACTGCATA ~ 2241-3029
R4:TTCTATCCAGTATCCCATATCGGCAT
F5:ATTGCGTGACTCCTACACCCAAGT 2930-3755
R5:AAATAATAACCCGACAGCGAACA
F6:TGGAGCCAATGCTTCAGACAGGA 3656-4341
R6:AGGCACCAGAGTGTTCTGCTTCT
F7:GATTTATCACTGGAGAAAGCGGC 4278-5076
R7:TCCTAAACACCTCGTCCTCAATC
F8:GGAAATGGAGTGGTGACAACAAG 4971-5747
R8:TGTTGTGACGACATAGTCCCAGT
FO:ATTGAGCAGAAAAACCTTTGATA 5675-6398
RO:TATTAGATCACCTGAGACGCTTC
F10:CCACAGGCTCTGCGCGAGTTTAAA 6333-7144
R10:AGCGGGTTCACCTGGGAATAGCA
F11:CACTCCTCGCCTTGGGGTGCTATT 7105-7866
RILTGACTTTCTTCAGCCCAGCACAAT
F12:AAGTCATAGACCTCGGTTGTGGAA  7801-8609
R12:AGTGTCAGTCATGGCTATTTGTGT
F13:GTCACACAAATAGCCATGACTGACAC 8583-9347
RI13:GACATCCATCACGGTTCCATTTT
F14:CGAACATGCCCTATTGGCTACGTCA ~ 9248-9924
R14:TTGGAACGGCTGAACAGATGGCA
F15:AGGAGAGACCTGAGACTAGCGGCCA  9876-10734
RI5:AGAACCTGTTGATTCAACAGCACCA

T S o AL AR A S ASADL e 471 i A sk a7 AT 45
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i} [7] (the time of the most recent common ancestor,
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credibility tree, MCC) , 38 52 D1 i3y i £k 23 A X) 25
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Table 2 Location, name and serotype of the 40 isolates

Serotype Quantity
Guangzhouu GD/GZ/01/2014—GD/GZ/03/2014  DENV-1 3
Foshan GD/FS/01/2014—GD/FS/02/2014  DENV-1 2
Huizhou GD/HZ/01/2014—GD/HZ/04/2014  DENV-1 4
Chaozhou  GD/CZ/01/2014—GD/CZ/06/2014 ~ DENV-1 6
Jieyang GD/JY/01/2014—GD/JY/10/2014 ~ DENV-1 10
Shanwei GD/SW/01/2014—GD/SW/04/2014  DENV-1 4
Maoming ~ GD/MM/01/2014—GD/MM/08/2014 DENV-1

Meizhou GD/MZ/01/2014—GD/MZ/03/2014  DENV-1 3
Total 40

Location Name
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AB915380 Indonesia 2013

~ KJB06862 Malaysia 2013 LC062957 Japan 2014

Fgggggg;g:rta?ggﬂ |_> JFSBU215 Singapare 2009
1|} JNO36371 Bangladesh 2009 GD MZ 03 China 2

- A GD FS 01 China 2014 A
AGDMMO02China2014 o O b </ [ %
A GD SW 03 China 2014 ey >

A GD HZ 03 China 2014 N

(‘/',v KP191523 China 2014
v ey KJ806847 Malaysia 2013
11 KJB06873 Malaysia 2014
KJ806959 Singapore 2014

4 GD HZ 02 China 2014

A GD MZ 01 China 2014
A GD CZ 02 China 2014
A GD JY 10 China 2014
A GD MM 08 China 2014
4 GD CZ 03 China 2014
'-A GD CZ 05 China 2014
A GD SW 04 China 2014
KP191509 China 2014
A GD JY 01 China 2014
A GD GZ 03 China 2014

L1

DQ264909 Myanmar 2001

DQ265078 Myanmar 2000

A GD CZ 04 China 2014 %

LLA GD JY 06 China 2014 % JF967923 Thailand 2008
A GD MM 01 China 2014 V1 > JF967820 Thailand 2008
SWA GD FS 02 China 2014 2 v 4 > o JQ277883 China 2009

L A GD MM 03 China 2014 4 \ 2 —>p KJ438294 China 2013
A GD MM 07 China 2014 /:i & 2 L [[KJ438297 China 2013

A GD CZ 06 China 2014 % vty > KJ438295 China 2013

A GD HZ 01 China 2014 7, i o KJB06345 Singapore 2013

A GD JY 07 China 2014 h A GD JY 09 China 2014

KP185303 China 2014

A GD SW 01 China 2014
KP191512 China 2014

A GD GZ 01 China 2014
A GD JY 02 China 2014
A GD JY 04 China 2014
A GD JY 05 China 2014
A GD MM 04 China 2014
A GD MM 05 China 2014
A GD MZ 02 China 2014

C AN KP191516 China 2014
KP191514 China 2014 A GD JY 03 China 2014
KP191497 China 2014 A GD JY 08 China 2014

- A GD CZ 01 China 2014 . e A GD MM 06 China 2014
KP191505 China 2014 * 83 ~ DQ265040 Myanmar 2002 A GD SW 02 China 2014

A GD HZ 04 China 2014
- KP191501 China 2014

AY732386 Thailand 2002
KJ806840 Malaysia 2013
AY618211 Myanmar 2001
JF967848 Myanmar 2008

7L~ A GD GZ 02 China 2014
99 1 KJ806849 Malaysia 2013

The green, dark blue, red, blue and orange branch represent genotype I ~ V of DENV-1. The represent strains of five genotypes of DENV—-1 was

marked with dark solid dot. 40 isolates were in four differents clades and classified into two genotypes including 16 genotype I ( A ) and 24 genotype

V(A),
El1 40%DENV-15B# 52 E K EERNRSGHILR

Fig.1 Phylogenetic tree of 40 DENV-1 isolates and references constructed with E gene sequences
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Every orange and green solid dot represent one genotype I and genotype V isolate respectively.
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Fig.2 Distribution of the 40 isolates in Guangdong province



HLLR A i (R 2B Ri)

== China
== Southeast countries clade 1
 E— Other Asian countries H 1081
1 Australia and Pacific Islands
[ America and Africa
clade 2
= clade3
Genotype [
=
. "
|
_[Ec'_ﬁ_
"
_‘—L
— o
"==
| * clade 4
[ M abfd
Genotype \' r
Genotype ITT I-jz_g- -
" —— e

ARG AT B 40 BR T 444 2014 4F 1)

1920 1940

AT RE

1980 2000

The strains from different regions were marked in indicated colors. The 40 isolates in present study are placed in gray box. Estimated age (tM-

RCA) of some relevant nodes on the tree are enlarged and showed beside the tree.

3 40¥kDENV-14 B 55 Z R EERE 4 i MCC #H ki

Fig.3 The maximum clade credibility (MCC) tree of 40 isolates and reference strains constructed with E gene sequences
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Table 3 Summary of amino acid mutations in E protein
of DENV-1 genotype I isolates and 2013 isolates in

Guangdong province

Amino acid positions in E protein

Name of strain Year

88 203 275 301 305

GZ22(KJ438294) 2013 S E T M S
GZ23(KJ438294) 2013 - - - - -
GZ28(KJ438297) 2013 - - - - -
GD/GZ/01/2014 2014 - - - - -
GD/GZ/02/2014 2014 - G - - -
GD/HZ/04/2014 2014 Vv - - - -
GD/JY/03/2014 2014 - - - - -
GD/JY/04/2014 2014 - - - _ -
GD/JY/05/2014 2014 - - - — -
GD/JY/08/2014 2014 - - - - -
GD/JY/09/2014 2014 - - - - -
GD/MZ/03/2014 2014 - - R I -
GD/MM/04/2014 2014 - - - - -
GD/MM/05/2014 2014 - - - — -
GD/MM/06/2014 2014 - - - — -
GD/SW/01/2014 2014 - - - - -
GD/SW/02/2014 2014 - - - - P

[ Bk 1485 2013 4R 76 KA MY
BER AT 2013 4F 7880 N3 04 B i =5 B TR, A% AT R
AHALLJE 3K 99.69%~99.9% , 3 A1 2 Bk 43 B 4k ) ¥4 5
2013 4 B R P4 7 1 B3 PR 2 2 ¢ R B il 5 24 AR
V B3 B R 1 5 2009 4 L AR A TN,
2013 4F N FHAEERR RIR 4 & o RIUE, 2014 4R AR
BN RE KR RN R R — R, R 2R
SR, AT RESR I T 2013 4T KA A E I HEkE,
AT RESE VR TR N3 L R PG | 5 i 45 A
(A B 0K, (ELAS A T R 0 2, 2013 4F T R4 AT
FEEIE T BB R IRZ —.

KT FIRGE R BEEE 6 tR AT R
PE 2014 4F DENV-1 3£ T B3 B kR4 2L R 24
PEAL A, 45 R R A SRS 2013 4T R AE M
AT T DENV-1 3 0 5 B2 R R, A% IR AR UL
FE 1K 99.6% ~ 99.8% , 5 6 BRI 5 2002 4F 46 fa) i A 7
(07 RS2 & EN Bl oe SPSEA Bl NI S
5 E 5 K HE A0 53 A i 45 SR A0 — 2%, SR A 4R 2014
BT RABERATEREZBARIE, HY 2013

96/ A GD JY 02 China 2014
A GD MZ 03 China 2014
93] A GD MM 04 China 2014
a0l A GD GZ 01 China 2014
KT187564 China 2014
100 LA GD SW 01 China 2014
KJ438296 China 2013
KF971869 China 2013
*H KF971870 China 2013
' KF971871 China 2013
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