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Abstract

West Nile virus (WNV) is an important neurotropic flavivirus that is widely distributed globally. WNYV strain XJ11129 was
first isolated in Xinjiang, China, and its genetic and biological characteristics remain largely unknown. In this study,
phylogenetic and sequence analyses revealed that XJ11129 belongs to lineage 1a and shares high genetic identity with the
highly pathogenic strain NY99. Then, the full-length genomic cDNA of XJ11129 was amplified and assembled using a
modified Gibson assembly (GA) method. The virus (named rXJ11129) was successfully rescued in days following this
method. Compared with other wild-type WNV isolates, rXJ11129 exhibited virulence indistinguishable from that of the
NYO99 strain in vivo. In summary, the genomic and virulence phenotypes of rXJ11129 were characterized in vivo and
in vitro, and these data will improve the understanding of the spread and pathogenesis of this reemerging virus.
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Introduction

West Nile virus (WNV) is an important mosquito-borne fla-
vivirus in the family Flaviviridae. It is mainly maintained in
an enzootic transmission cycle between birds and mosquitoes
and can infect humans and other vertebrates as final hosts
(Komar 2003; van der Meulen et al. 2005). After infection
with WNV, most humans are asymptomatic, although
approximately 20% of infected individuals may develop
symptoms of West Nile fever (WNF) (Jeha ez al. 2003). WNF
presents as a minor influenza-like illness accompanied by
clinical signs and symptoms such as fever, headache, skin rash
and vomiting, and it occasionally develops into meningoen-
cephalitis episodes or flaccid paralysis; less frequently, death
occurs (McDonald et al. 2019; Yu et al. 2020). To date, no
licensed vaccines or therapeutics are available for human use
(Donadieu et al. 2013; Lim and Shi 2013).

The WNV virion contains a positive-sense, single-
stranded RNA genome containing approximately 11,000
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nucleotides that comprises a single open reading frame
flanked by two untranslated regions (UTRs) (Coia et al.
1988). The viral genomic RNA codes for a single
polypeptide that is cleaved into three structural proteins (C,
prM/M and E) and seven nonstructural (NS) proteins (NS1,
NS2A, NS2B, NS3, NS4A, NS4B, NS5) by cellular and
viral proteases (Wengler et al. 1985). The three structural
proteins compose the WNV virion, and the seven NS
proteins are multifunctional, playing critical roles in viral
RNA synthesis and/or assembly (Donadieu et al. 2013).

WNV has evolved into up to 9 lineages (Chancey et al.
2015), among which lineage 1 has the largest geographic
range and is generally the most pathogenic, causing severe
central nervous system infection and death (Zehender et al.
2011). Strains of WNV in lineage 1 have been divided further
into clades la, 1b and lc (also named lineage 5). The most
representative strain in clade la is NY99, which is highly
pathogenic to humans. Since it was introduced into North
America in 1999 (Lanciotti SR 1999; Nash er al. 2001),
NY99 has infected 4 million humans in the US, causing more
than 780,000 WNF cases, 16,000 cases of neurologic disease
and over 1500 associated fatalities (Petersen et al. 2013).

The WNV epidemic is also a threat in China. Seropos-
itivity for WNV has been reported in birds and humans (Li
et al. 2013). Confirmed human cases of WNV in China
were reported in 2013 in Xinjiang Province in northwestern
China (Lu et al. 2014; Cao et al. 2017, 2019). Isolation of
WNYV has been attempted, and WNV has successfully been
obtained from mosquitoes in Xinjiang, China (XJ11129,
GenBank No. JX442279).

The biological characteristics and pathogenicity of
XJ11129 are incompletely understood and need further
elucidation. Herein, a phylogenetic tree was constructed and
sequence alignment was conducted to analyze the relation-
ship of XJ11129 with other strains of WNV. In addition, a
modified Gibson assembly (GA) method that completely
eliminates the need for both plasmid DNA production in
bacteria and in vitro RNA transcription was employed to
rescue XJ11129. Via this method, the virus was successfully
rescued in days, and its biological features and pathogenicity
were further examined both in vitro and in vivo.

Materials and Methods
Sequence Evolution Analysis

A total of 28 WNYV strains, including XJ11129, were used
for phylogenetic analysis in this study. The nucleic acid
sequences of polyproteins were downloaded from Gen-
Bank, along with information such as the location and time
of viral isolation (Supplementary Table S1). All sequences
were aligned with MEGAS software using ClustalW. A
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phylogenetic tree was then constructed using the neighbor
joining (NJ) method with 1000 bootstrap replicates. The
trees were rooted by using Japanese encephalitis virus
(JEV) as the outgroup virus.

Eight strains were selected as representative strains of 8
lineages: AF196835 (lineage la), KT934797 (lineage 1b),
GQ851605 (lineage lc or 5), KP780840 (lineage 2),
AY765264 (lineage 3), AY277251 (lineage 4), KY703855
(lineage 7), and KY703856 (lineage 8). Lineage 6 was
excluded from our study because only a partial sequence
was available. The complete polyprotein sequences and
nucleic acid sequences of these strains were used for
comparison of percent sequence identities with MEGAS
software using the ClustalW alignment program.

Cell Lines and Viruses

Vero (CCL-81), BHK-21 (CCL-10), C6/36 (CRL-1660)
and DF-1 (CRL-141) were purchased from the American
Type Culture Collection (ATCC) and maintained in our
laboratory. BHK-21 and Vero cells were grown in Dul-
becco’s modified Eagle’s medium (DMEM, Gibco) sup-
plemented with 10% fetal bovine serum (FBS) (Lonza),
1 mmol/L sodium pyruvate, 100 U/mL penicillin and
50 pg/mL streptomycin and were maintained in an atmo-
sphere containing 5% CO, at 37 °C. C6/36 cells were
grown in RPMI 1640 medium supplemented with 8% FBS
(Lonza), 1 mmol/L sodium pyruvate, 100 U/mL penicillin
and 50 pg/mL streptomycin and were maintained in an
atmosphere containing 5% CO, at 30 °C.

WNV strain NY99 was rescued from the two-plasmid
infectious clone (Kinney et al. 2006). WNV strain XJ11129
was isolated from mosquito in Xinjiang, China, and
stocked in our lab (Lu er al. 2014).The viruses were
propagated in BHK-21 cells and titrated by the standard
plaque assay as described below.

GA

Viral cDNA was reverse transcribed using the SuperScript
III reverse system (Promega) and served as the template for
DNA fragment amplification. In our study, the whole gen-
ome of XJ11129 was divided into three fragments, as shown
in Fig. 2. The first fragment contained nucleotides 1-4031;
the second fragment, nucleotides 4012 to 8340; and the last
fragment, nucleotides 8321-11,029. The DNA-lunched
infectious clone of enterovirus 71 (EV71) was constructed in
our lab using genetic engineering technique as previously
described and used as the template for vector fragment
amplification (Tan et al. 2016). This plasmid contained the
CMYV promoter placed immediately upstream of the first
nucleotide of the EV71 sequence and the hepatitis delta virus
ribozyme sequence located directly downstream of the last
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nucleotide of the EV71 sequence followed by the SV40 poly
(A) signal. All the DNA fragments contained a 20-bp overlap
at both the upstream and downstream ends. The sequences of
all primers used for DNA fragment amplification are shown
in Supplementary Table S2.

The PCR products were column purified (Promega) and
assembled for Gibson reactions (CWBIO) following the
standard protocol. In brief, 2.5 pL of the four DNA frag-
ments were mixed with 10 pL of 2 x GA master mix and
incubated at 50 °C for 1 h. Approximately 20 pL of the
reaction product was stored at —20 °C for further use.

Transfection and Virus Rescue

BHK-21 cells were seeded in 6-well culture plates. The GA
products were directly transfected into the cells using
Lipofectamine 3000 (Invitrogen) as indicated by the manu-
facturer. Three days post transfection, the recovered viruses
were passaged in new BHK-21 cells. Once cytopathic effects
(CPE) were observed, cell supernatants were harvested.
Viral RNA was isolated using a PureLink RNA Mini Kit
(Thermo Fisher Scientific), and cDNA was generated from
1 mg of RNA using SuperScript III (Thermo Fisher Scien-
tific) according to the manufacturer’s instructions with ran-
dom primers 9-mer (TAKARA). For determination of viral
consensus sequences, PCR products were directly sequenced
in both directions using virus-specific primers (Supplemen-
tary Table S3). Sequence fragments were assembled into a
consensus sequence with DNA STAR software (version 7.0).

Rescued virus was propagated in BHK-21 cells, and the
viral titer was determined by the standard plaque assay as
described below.

Indirect Immunofluorescence Assay (IFA)

The IFA was performed on BHK-21 cells as previously
described (Wang et al. 2014). In brief, BHK-21 cells were
infected with each virus for 48 h and were then fixed with ice-
cold acetone and incubated with the primary anti-flavivirus
monoclonal antibody (mAb) 4G2. After three washes with
PBS, cells were incubated with Alexa Fluor 488-conjugated
secondary antibodies (ZSGB-BIO). Then, cells were incu-
bated with DAPI to stain nuclei. Cells with positive staining
were examined using a fluorescence microscope (Olympus).

Plaque Assay

The plaque assay on BHK-21 cells was conducted as fol-
lows. BHK-21 cells were seeded in 6-well or 12-well
culture plates to form a monolayer and were infected with
serial 10-fold dilutions of virus-containing supernatants for
1 h at 37 °C. After infection, the inoculum was removed
and replaced with DMEM containing 1% low melting point

agarose. After 3 days, cells were fixed by the addition of
5% formaldehyde, washed with water and stained with 1%
crystal violet in 10% ethanol. After cells were rinsed with
water, the plaques were counted, and the viral titers were
calculated as plaque-forming units/mL (PFU/mL).

Growth Curve Analysis

Growth curve analysis was conducted on BHK-21, Vero,
C6/36 and DF-1 cells. Cells were seeded in 24-well plates
and infected with rXJ11129 at a multiplicity of infection
(MOI) of 0.01. Culture supernatants were collected at
successive 24 h intervals, and viral titers were then quan-
titated via a plaque assay with BHK-21 cells.

Ethics Statement

All animal experiments conducted in this study were
approved and carried out in strict accordance with the
guidelines of the Institutional Experimental Animal Wel-
fare and Ethics Committee (IACUC-13-2016-001).

Virulence Assay in Mice

The BALB/c mice used in this study were purchased from
Beijing Vital River Laboratory Animal Technology Co. and
maintained under specific pathogen-free (SPF) conditions.

For the neuroinvasiveness assay, groups of 6-week-old
BALB/c mice were inoculated intraperitoneally (i.p.) with
the indicated doses of rXJ11129 or NY99. For the neu-
rovirulence assay, groups of 6-week-old BALB/c mice
were administered 10 PFU or 1 PFU of rXJ11129 or NY99
by the intracerebral (i.c.) route. Mice were then monitored
for clinical symptoms and mortality for 21 days.

Statistical Analysis

Kaplan—Meier survival curves were analyzed with the log-
rank test. Statistical analyses were performed with standard
GraphPad Prism software (version 5.0).

Results
Phylogenetic Analysis of XJ11129

In order to understand the phylogenetic status of XJ11129,
the complete sequence information of 28 WNV strains
isolated at different times and locations was analyzed to
construct a phylogenetic tree. These WNV strains are
classified into eight major lineages. XJ11129 belongs to
lineage 1 and is further clustered into clade la, which
clusters most closely with viruses isolated from Russia and
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India, followed by strains isolated from the US (NY99) and
Israel (Fig. 1A).

Further, the genetic identity of XJ11129 was compared at
the gene and protein levels with that of strains representing 8
lineages. Since both XJ11129 and NY99 belong to lineage 1
and clade la, XJ11129 exhibited the highest nucleotide
identity (97.1%) and amino acid identity (99.4%) with
NY99. In addition, XJ11129 shared 75.3% —87.5% nucleo-
tide similarity and 88.5% —97.3% amino acid similarity with
the strains from the other lineages (Fig. 1B).

Next, the amino acid differences between XJ11129 and
NY99 were compared. A total of 23 amino acids differed
between the two strains (Fig. 1C). Six amino acid differ-
ences were located in the E protein: YOOF, T126I, T159V,
F167L, S277N, and S467A. NS1, NS2A, and NS5 each
contained three amino acid differences. NS3 and NS4A
each contained two amino acid differences. C, M, NS2B
and NS4B each had one amino acid difference.

The above results show that XJ11129 is classified in
clade la of lineage 1 and showed high sequence identity

A

10q FJ483549_2008_IT
JF719068_2009_IT
FJ766331_2007_ES
JNB58069_2011_IT
KF647253_2013_IT
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Fig. 1 The phylogeny and genetic diversity of the West Nile virus
lineages. A Phylogenetic tree of XJ11129 strains compared with
reference strains. Each strain is listed by GenBank accession number,
geographic origin, and collection date. Scale bar indicates substitu-
tions per site. Abbreviations of geographic origin are list in
Supplementary Table S1. XJ11129 was highlighted with a red solid
circle and NY99 was highlighted with a blue solid box. B Pairwise
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with the pathogenic strain NY99. However, whether
XJ11129 exhibits a high virulence level similar to that of
NY99 needs further experimental verification.

Rapid Rescue of XJ11129 by a Modified GA
Method

Infectious clones are powerful tools for flavivirus study.
Here, a modified GA method was employed to rapidly
rescue XJ11129. The viral genome was divided into three
fragments, as shown in Fig. 2A. The vector fragment
contained the CMV promoter, the hepatitis delta virus
ribozyme sequence and the SV40 poly (A) signal and was
used for the GA reaction, which ensured the transcription
of XJ11129 in eukaryotic cells. All four fragments were
obtained by PCR amplification and used for the GA reac-
tion. Although no expected DNA bands were seen, the
amounts of the four DNA fragments were significantly
reduced, and large quantities of the DNA samples remained
in the wells of the gel, confirming the occurrence of the GA

B

Sequence distance

Linage Isolate 1 2 3 4 5 6 7 8 9
JX442279_2011CHN 1 ** | 99.4 97.3 93.2 93.6 90.3 88.5 88.8 91.1
AF196835_1999_US 2 97.1 ** 97.5 93.5 93.7 90.5 88.6 89 91.1
1B KT934797_1991_AU 3 87.5 87.8 ** | 92.8 932 90 88.3 88.5 90.7
1C/5 GQ851605_1957_IN 4 79.6 79.6 78.9 ***  91.9 88.8 87.6 87.6 89.9
2 KP780840_2014_AT 5 79.1 791 79 784 ** 90.5 88.9 88.8 90.8
3 AY765264_1997_CZ 6 77.5 77.6 76.7 76.2 77.9 ** 87.1 86.5 88.5
4 AY277251_1998 RU 7 75.3 75.1 75.7 746 756 749 ** 852 86.4
7
8

Amino acid identity (%)

KY703855_1992_SN 8| 76.4 76.2 76.1 753 76.7 74.8 745 ** 879
KY703856_1993_SN 9 77.6 77.4 76.7 762 77.7 758 74.7 753 ***

Nudleotide identity (%)

C NS2 NS4
[ (B [ (NS ) ] bl [ NS3) fa] bl [ NS5
Foo
1126
M29 V75 R177
T A
NY99 K41 T113 \Sgg S99 1183 V103 T13956 A‘ZSS 21 K194
No77 1298 A224 P528
A467
Y90
T126 129 175 K177
N T
XJ11129 R41 1113 T159 Pog V183A103|19 T58V21 R194
Fi67 l2o8 T224 356 185 R528
S277
S467

percent identity between nucleotide (lower left) and amino acid
(upper right) sequences of the polyprotein. Sequences are labeled in
the following format: accession number, 2-letter country code, and
year of isolation. C Amino acid differences between XJ11129 and
NY99. A total of 23 amino acids were different between these two
strains. The numeral subscript after amino acid is the location of each
gene.
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reaction (Fig. 2B, 2C). To rescue the virus, the GA prod-
ucts were transfected directly into BHK-21 cells instead of
into bacteria. Seventy-two hours post transfection, obvious
CPEs were observed in the cells of the GA group, while no
CPEs were observed in the cells of the control group
(Fig. 3A). The plaque morphology of rXJ11129 was
examined in BHK-2 cells. rXJ11129 formed plaques with
an average size similar to that of the parental virus
(Fig. 3B). The IFA results showed that the rescued virus
could effectively infect BHK-21 cells and successfully
express virus-specific proteins (Fig. 3C). A sequencing
assay was conducted and showed that only one silent
mutation emerged at position 4968 in NS3 (T to C)
(Fig. 3D). These results indicate that GA is a rescue
strategy for rapid acquisition of viruses and that the
rXJ11129 clone rescued by the GA method has high
genetic similarity to the parental viruses.

Replication of rXJ11129 in Cultured Cells

WNYV has a wide range of hosts, including mosquitoes, birds,
mammals and so on. To verify whether XJ11129 can infect

these hosts, the growth kinetics of rXJ11129 were assessed in
four cell lines: mouse cells (BHK-21), avian cells (DF-1),
primate cells (Vero) and mosquito cells (C6/36). rXJ11129
exhibited efficient replication ability in all four cell lines. In
BHK-21, Vero and C6/36 cells, the rXJ11129 titer peaked at
72 h, at up to 10° '81, 106'39, and 10°% PFU/mL, respectively.
However, in DF-1 cells, rXJ11129 replicated to a peak titer of
10%*° PFU/mL at 48 h post infection (Fig. 3E). Taken toge-
ther, these results clearly show that rXJ11129 can replicate in
the above four types of cells and demonstrates the highest
replication efficiency in avian cells (DF-1).

The Virulence of rXJ11129 in BALB/c Mice Was
Similar to That of NY99

XJ11129 and NY99 belong to clade la of lineage 1. To
characterize the virulence of XJ11129, a virulence assay
was conducted in a mouse model, and NY99 was used as
the control strain.

To determine the neuroinvasiveness of rXJ11129,
groups of 6-week-old BALB/c mice were inoculated
intraperitoneally with the corresponding dose of rXJ11129

A
NS2 NS4
52 TR Jalo] s Jab| e J4T
S5UTR 3UTR
4012 8321 11029
® 9
4031 8340
I F1 II II F3 I
1 II | T
| F2 |
L} 1
B M V F1 F2 F3
4031bp 4329 bp
3510bp

2719bp

Fig. 2 Strategy for rapid rescue of XJ11129 by GA. A Full-length
preparation strategy of the XJ11129 genome by RT-PCR with
overlapping primers. Full length of XJ11129 genome was divided into
three fragments, named F1, F2 and F3. B PCR-amplified fragments.
M: DNA Ladder maker DL10000 (TAKARA). V: vector fragment,
which used pCMV/EV71 plasmid as the template and contained the
CMV promoter, the hepatitis delta virus ribozyme sequence followed

C M 1 2 3
e

by the SV40 polyA signal. Length of vector fragment is 3510 bp. FI1,
F2, F3 are the WNV genome fragments. Length of the three
fragments is 4031 bp, 4329 bp and 2719 bp, respectively. C GA
reaction of the four fragments. M: DNA Ladder maker DL10000
(TAKARA). Lane 1, 2: GA reaction of the four fragments; Lane 3:
Mixture of the four fragments without GA reaction.
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A
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C
XJ11129 Mock
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BHK-21 Vero
ES E 6
24 Z 4
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22| 22
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Days post inoculation

Fig. 3 Rescue and identification of XJ11129 in vitro. A Visible
cytopathic effect (CPE) of BHK-21 cells in 2-3 days after infection
with recued virus. B Plaque morphology of rescued XJ11129 and the
parental XJ11129. Plaques were observed 3 days post-infection after
staining with 0.2% crystal violet. C The GA products were inoculated
to BHK-21 cells for incubation of 96 h. The infected cells were
observed with a fluorescence microscope. D Differences between the
sequences of rXJ11129 with its parental virus XJ11129. The numeral

or NY99. As shown in Table 1, 10° PFU of rXJ11129
resulted in 100% mortality in mice, with an average sur-
vival time (AST) of 10.6 days. However, inoculation of
10° PFU of NY99 resulted in 80% mortality, with an AST
of 9.75 days. Neither morbidity nor mortality was observed
in mice following inoculation with 10* PFU of rXJ11129 or
NYO99. The LDsq of rXJ11129 was slightly higher than that
of NY99 (6310 PFU vs 5623 PFU), but the difference
between the two viruses was not statistically significant.
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Days post inoculation

B
X129
XJ11129
200\'pm
D
Virus Mutation
X129 T4968P
XJ1129 C4968P
C6/36 DF-1
.} .}
E® ES
E ) /// E 4
S 5
S 2 652
So Sl
0 1 2 3 0 1 2 3

Days post inoculation Days post inoculation

subscript after nucleotide is the location of whole viral genome.
E Growth kinetics of rXJ11129. The experiments were performed
with BHK-21 cells, Vero cells, C6/36 cells and DF-1 cells. Viral titres
were determined on BHK-21 cells by plaque assay at the indicated
times. The dotted lines represent the limit of sensitivity of the plaque
assay. The error bars indicate the range in values of two independent
experiments.

To characterize the neurovirulence of rXJ11129, groups
of 6-week-old BALB/c mice were inoculated intracranially
with 10 PFU or 1 PFU of each virus via the i.c route. All
mice in every group showed symptoms such as a hunched
posture, mental distress, and hind limb paralysis and died
within 8 days (Fig. 4). No significant difference was found
between the two WNYV strains. The above results indicate
that rXJ11129 exhibits both neuroinvasiveness and neu-
rovirulence in mice, and its virulence in mice is equivalent
to that of NY99.
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Discussion

Reports about WNV in birds and humans and the isolation of
viruses from mosquitoes have confirmed the spread of WNV
in China (Li et al. 2013; Lu et al. 2014; Cao et al.
2017, 2019). The serious public and human health threat
posed by WNV urgently requires us to further understand the
biological characteristics of WNV isolates from China and to
determine whether these isolates from China exhibit high
virulence. In this study, we determined that XJ11129 clusters
into linage la, which includes numerous highly virulent
strains, and has high genetic similarity with the virulent
strain NY99. XJ11129 was quickly rescued via a modified
GA method and was found to replicate efficiently in mam-
malian, mosquito and avian cells in vitro and to exhibit high
virulence in vivo. Our study not only developed a new tool for
WNV rescue but also provided solid experimental evidence
that WNV isolates from China exhibit high virulence.
Among the 9 lineages of WNV, lineage 1 is distributed
worldwide in distinct regions. Strains belonging to lineage
la are attributed to major outbreaks in Europe, Africa, and
the Americas associated with neurological disease.
XJ11129 clustered into linage la and shared high nucleo-
tide similarity (97.1%) and amino acid similarity (99.4%)
with strain NY99, raising substantial concern about its
pathogenicity, especially in humans. Comparison of
XJ11129 with NY99 identified 23 amino acid differences
distributed across the viral proteins (Fig. 1C). To date,
investigations have been conducted on specific mutations
that show close relationships with virulence and replication
abilities and are distributed in the viral structural prM/M
(Hanna et al. 2005) and E (Whiteman et al. 2010; Zhang
et al. 2006; Beasley et al. 2005) genes as well as the NS
genes NSI (Whiteman et al. 2011, 2015), NS2A (Liu et al.
2006), NS3 (Shiryaev et al. 2009), NS4A, NS4B (Munoz-
Jordan et al. 2005) and NS5 (Zhou et al. 2007).
Infectious cDNA clones of numerous WNV strains have
been successfully developed for the study of viral repli-
cation and pathogenesis (Shi er al. 2002; Bahuon et al.
2012; Suthar er al. 2012; Pavitrakar et al. 2015). However,
the instability of cloning might lead to random substitu-
tions and to bacterial toxicity of viral proteins, potentially

making the production of WNV ¢cDNA molecules in bac-
terial vectors difficult and time consuming (Aubry et al.
2015). Various approaches have been employed to over-
come this problem, including the use of very low copy
number plasmids (Zhao er al. 2005), bacterial artificial
chromosomes (Yun et al. 2003), mutating cryptic bacterial
promoter sites in the flavivirus genome (Pu ef al. 2011),
and a yeast recombination system to assemble full-length
clones (Kelly et al. 2010). In addition, numerous bacteria-
free approaches have been developed to avoid the need for
a bacterial host and, thus, the need to overcome the prob-
lems related to the use of bacteria; examples include cir-
cular polymerase extension reactions (Edmonds efr al.
2013), infectious sub-genomic amplicons (Aubry et al.
2014) and GA (Siridechadilok et al. 2013).

The GA reaction has been widely used in the con-
struction of clones, especially in viral infectious clones
(Siridechadilok et al. 2013; Pan et al. 2018; Luo et al.
2019). The GA method decreases the construction time
from months to days and results in seamless ligation,
avoiding limitations of DNA assembly via restriction
enzymes, which greatly simplifies genetic engineering of
viral genomes (Gibson et al. 2009). In this study, to avoid
using traditional, time-consuming methods for generating
infectious clones of XJ11129, we modified the GA method
to quickly rescue XJ11129. To ensure amplification effi-
ciency and accuracy, the DNA fragments used for GA are
limited to 5000 bp; thus, the genome of XJ11129 was
divided into three fragments in this study (Fig. 2). In a
study by Siridechadilok ef al., the genome of dengue virus
(DENV) was divided into two or even 11 fragments, and
viruses were successfully rescued (Siridechadilok er al.
2013), showing that the number and length of DNA frag-
ments have no critical effect on virus rescue.

The GA reaction not only is used to rescue viral clones
from the parental virus but also facilitates genetic mapping
and screening of mutations. For example, both primers for
viral genome amplification that contain the target mutation
and exogenous DNA fragments that contain the required
overlap sequence, can be used in the GA reaction to obtain
the target sequence. Finally, mutants and modified viruses
were rescued by the transfection of GA products into

Table 1 Comparison of

XT11129 with NY99 in nerve- Virus Dose (logl0 PFU) Mortality (No. survival/No. text) AST* (Day) LDs, (PFU)
invasiveness. XJ129 5 0 (0/5) 10.6 6310
4 20 (1/5) 10.75
3 100 (5/5) -
NY99 5 20 (1/5) 9.75 5623
4 20 (1/5) 1
3 100 (5/5) -

AST average survival time, — not available.
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Fig. 4 Neurovirulence tests of A B
rXJ11129. Mice received either 1PFU 10 PFU
10 10
rXJ11129 or NY99 at 1 PFU
(A) or 10 PFU (B), and = 804 < 804 .
mortality was recorded for % : Y '
21 days. © 607 ‘ £ 604 :
] : 2 :
Z 401 o--- S 40 :
3 3 :
20 & 11120 ) 20] & 11129 t---
8- NY99 H 8- NY99
0 T T T 0 T T T
0 2 4 6 8 0 2 4 6 8

Days postinoculation

sensitive cells. Here, XJ11129 was recovered successfully in
days using the GA method (Fig. 3A-3C). Sequencing of the
recovered virus identified only one silent mutation, at posi-
tion 4589, suggesting the high accuracy of XJ11129 recovery
using the GA method (Fig. 3D). The biological properties of
the rescued virus were examined further. WNV has a wide
range of hosts, including mosquitoes, birds, and mammals
such as humans. Thus, to identify the potential host of the
virus, we examined the proliferation characteristics of
XJ11129 in cells derived from different hosts. rXJ11129
replicated efficiently in mammalian (BHK-21 and Vero),
mosquito (C6/36) and avian (DF-1) cells in vitro, indicating
that it can potentially infect these hosts (Fig. 3E). NY99 has
high neurovirulence and invasiveness and was selected in
this study as a benchmark for high virulence. We evaluated
the neurovirulence (Fig. 4) and invasiveness (Table 1) of
rXJ11129 and found that rXJ11129 exhibited high neu-
rovirulence and neuroinvasiveness similar to those of NY99.
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