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Full genome sequence of a chrysanthemum-infecting
tomato spotted wilt virus isolate from Zimbabwe obtained by
next-generation sequencing
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Summary. - Tomato spotted wilt virus (TSWV) is an economically important pathogen of many crops
worldwide. However, prior to this study, only one complete genome sequence of an African TSWV isolate
was available in public databases. This limits genetic diversity and evolutionary studies of the pathogen
on the continent. TSWV was detected in symptomatic Zimbabwean chrysanthemum plants using late-
ral flow kits. The presence of the pathogen was subsequently confirmed by double antibody sandwich
enzyme-linked immunosorbent assay and reverse transcription-polymerase chain reaction (RT-PCR).
Total RNAs for RT-PCR and next-generation sequencing (NGS) were extracted using an RNA extraction
kit. NGS performed on an Illumina HiSeq platform was used to recover the full TSWV genome and ana-
lyzed by different software packages. The tripartite genome of the Zimbabwe TSWYV isolate consisted
of L, M and S RNAs of 8914, 4824 and 2968 nucleotides, respectively. This isolate shared highest protein
and nucleotide sequence identities with the isolate LK-1 from neighboring South Africa. The Zimbabwe
TSWYV isolate was found to be a non-recombinant and non-resistance-breaking. This study provides the
first full genome of TSWV from Zimbabwe. It also adds useful information towards understanding the
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evolution of the pathogen.
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Introduction

Tomato spotted wilt virus, TSWV (the genus Orthoto-
spovirus, the family Tospoviridae) is an economically
important pathogen of over 1300 plant species world-
wide (Parrella et al., 2003). In Zimbabwe, TSWV was first
reported infecting Nicotiana tabacum in 1939 (Hopkins,
1940). Its reported host range now includes at least 30 field
and greenhouse-grown food and ornamental crops and
weeds (Rothwell, 1982; Karavina and Gubba, 2017). TSWV
is transmitted principally by Frankliniella occidentalis

E-mail: ckaravina@gmail.com; phone: +263-772-335-845.
Abbreviations: GRSV = groundnut ringspot virus; NGS = next-
generation sequencing; TSWV = tomato spotted wilt virus

Pergande in a circulative-propagative manner (Rotenberg
etal., 2015).

The TSWV virions are quasi-spherical enveloped parti-
cles that are 80-120 nm in diameter (German et al., 1992),
while the genome is composed of three single-stranded
linear RNA segments named according to their sizes
as large (L), medium (M) and small (S) segments. The L
segment encodes the RNA-dependent RNA polymerase
(RdRp)in anegative sense (de Haan et al.,1991). The M and
S segments each encode two proteins in the positive and
negative-sense orientations. The M segment encodes the
GN/GC glycoprotein in the antiviral sense and the non-
structural movement (NSm) protein in the viral sense,
while the S segment encodes the nucleocapsid (N) in the
antiviral sense and non-structural (NSs) proteins in the
viral sense (Heinze et al.,2001; de Haan et al., 1990).
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Traditionally, TSWV was detected by electron micros-
copy, serology and reverse transcription-polymerase
chain reaction (RT-PCR) (Resende et al., 1991; Eiras et al.,
2001). Recently, next-generation sequencing (NGS) tech-
nologies have proved to be useful and efficient tools for
plant virus detection (Kreuze et al., 2009).

Several partial genomic sequences of African TSWV
isolates are available in public databases like GenBank,
EMBL and DNA Data Bank of Japan (Sivparsad and Gubba,
2009; Machariaetal.,2015; Kisten et al.,2016; Karavina and
Gubba, 2017) compared to only one full genome sequence.
This situation greatly compromises studies to understand
TSWYV evolutionary history in Africa and even worldwide,
asfew complete genome sequences are available (Leeetal.,
2011;Kimet al.,2013; Margaria and Rosa, 2015; Margaria et
al., 2015; Zhang et al., 2016). In this study, we describe the
full genome of a TSWV isolate from Zimbabwe obtained
by using the NGS technology.

Materials and Methods

Virus sampling and identification. The TSWYV isolate was
identified from chrysanthemum (Dendranthema morifolium)
plants that were sampled in Zimbabwe in 2015. Plants targeted
for sampling harbored high F. occidentalis populations and
displayed symptoms of tospovirus etiology characterized by
leaf necrotic spotting, flower petal browning and malformation,
graying and stem collapse. Symptomatic leaves were tested on-
site for tospoviruses using lateral flow kits (Loewe Biochemica
GmbH, Germany) that could simultaneously detect TSWV, to-
mato chlorotic spot virus (TCSV) and groundnut ringspot virus
(GRSV). Twelve tospovirus-positive leaf samples were collected,
preserved in RNAlater® solution (Thermo Fisher Scientific,
USA) and tested for TSWV, TCSV and GRSV by double antibody
sandwich-enzyme linked immunosorbent assay (DAS-ELISA)
with commercial diagnostic kits (Loewe Biochemica GmbH,
Germany) at the University of KwaZulu-Natal, South Africa.

RNA extraction, RT-PCR and NGS. Total RNAs were extracted
from the samples using the Quick RNA MiniPrep kit (Zymo Re-
search, USA) and used as templates in RT-PCR and NGS experi-
ments. For RT-PCR, first strand complementary DNA (cDNA)
synthesis was undertaken using the RevertAid first strand
cDNA synthesiskit (Thermo Fisher Scientific, USA) and PCRwas
performed using the TSWV-N-1F and TSWV-N-777c primer pair
specific to the TSWV N gene (Navarre et al. 2009). RT reaction
mixtures consisted of 10 ul (42 ng/pl) of total RNA pre-heated
at 65°C for 10 min, 4 pl reaction buffer, 1 ul RevertAid M-MuLV
reversetranscriptase enzyme,1ul RiboLock RNaseinhibitor, 2 ul
dNTPs,and 2 pl of the reverse primer TSWV-N-777c (TTAAGCAA
GTTCTGTGAGTTTT). To produce cDNA, the reaction mixture
was incubated for 60 min at 42°C followed by a termination
step of 70°C for 5 min. Three microliters of the resultant cDNA

were used to perform PCR in a 20 pl reaction consisting of 2 ul
of forward primer TSWV-N-1F (ATGTCTAAGGTTAAGCTCACTA),
2 ul of reverse primer and 10 pul KAPA 2G Fast HotStart PCR kit
(Kapa Biosystems, USA). Amplification was carried out under
the following cycling conditions: initial denaturation at 95°C
for 3 min; 35 cycles of denaturation at 95°C for 15 s, annealing
at 51.3°C for 15 s, extension at 72°C for 15 s; and final extension
at 72°C for 5 min. The PCR products were visualized on SYBR
Safe (Life Technologies, USA) pre-stained 1.5% agarose gel elec-
trophoresis in TAE buffer. NGS was performed at the Agricul-
tural Research Council Biotechnology Platform (Pretoria, South
Africa) on an Illumina HiSeq platform using the paired-end 2
x 125 bp. After sequencing, FastQC program was used to assess
the quality of the reads. Adapter removal and quality trimming
were conducted using Trimmomatic 0.36 program (Bolgeretal.,
2014). All reads were then used in de novo assembly on SPAdes
3.10.1 using the paired-end settings (Bankevich et al.,2012). The
resultant contigs were subjected to MEGABLAST to identify
sequences matching to the TSWV genome.

Data analysis. All contigs that matched to TSWV genome
sequences were aligned using the Clustal W program embedded
in MEGA7 (Kumar et al., 2016) to generate the consensus S, M
and L genome sequences of the Zimbabwe TSWV isolate (Mum-
A5). ORF Finder (https://www.ncbi.nlm.nih.gov/orffinder) was
used toidentify the open reading frames (ORFs) on the Mum-A5
isolate genome. Protein molecular weights were determined
using the online ExPASy bioinformatics tool (https://web.ex-
pasy.org/compute pi/). Nucleotide and amino acid sequence
identity were measured using the online SIAS program (http://
imed.med.ucm.es/Tools/sias.html). Phylogenetic analyses

were performed on all protein sequence products of the TSWV
genome. Clustal W was used for multi-sequence alignments.
Maximum Likelihood (ML) phylogenetic trees were inferred
using the PhyML 3.0 online version (Guindon et al., 2010)
based on the best-fit evolution model selected using the Smart
Model Selection (Lefort et al.,2017) implemented on the PhyML
3.0. Bootstrap analysis was used to measure the reliability of
the tree branches. The phylogenetic trees were drawn using
the Interactive Tree of Life v4 (Letunic and Bork, 2016) with
GRSV as an outgroup. Branches with bootstrap values below
70% were collapsed on the final trees. Recombination events
of the complete S, M and L segments of the Mum-A5 isolate
were investigated using Recombination Detection Program 4
(RDP4) software with the default settings (Martin et al., 2015).
Recombination events detected by at least three programs at
p <0.05 were accepted.

Results and Discussion
All samples that were tested on-site with lateral flow

kits were tospovirus-positive. The test line appeared in
the viewing window within three minutes of testing,as an
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Table 1. Characteristics of the Mum-A5 isolate genomic segments

Segment Segment length ORF polarity ORF length ORF position Protein coded  Protein MW (kDa)
S 2968 nt (+) 1404 89-1492 NSs 50.52
() 777 2817-2041 N 2753
M 4824 nt (+) 909 101-1009 NSm 33.71
(-) 3402 4740-1333 Ge-Gn 126.44
L 8913 nt ) 8640 8673-34 RdRp 33172

indication of high virus titre in the samples. All samples
were also positive for TSWV by DAS-ELISA. The 777- bp
band indicative of TSWV presence was also produced
from all samples tested by RT-PCR.

Sequences of the L, M and S segments of the Mum-A5
isolate were deposited in GenBank under Nos. MG602671,
MG602672 and MG602673, respectively. The characteris-
tics of the genomic segments are given in Table 1. The L
segment enclosed an ORF of 8640 nt, located in position
241-8880. This ORF is predicted to encode the RdRp
protein with an estimated molecular mass of 331.72 kDa.
The Mum-A5 L segment shared the highest nucleotide
sequence identity at 97.2% with the isolate LK-1 from
South Africa. The M segment had two ORFs found at
positions 101-1009 and 1333-4740, and encoded the NSm
protein and the GN/GC precursor protein in the viral
and antiviral senses, respectively. An intergenic region
of 324 nt separated the two ORFs. The NSm protein has
been identified as the avirulence determinant in Sw-5
gene-based resistance (Lopez et al., 2011). The Mum-A5
NSm amino acid sequence did not have the mutations
responsible for resistance breakdown. The S segment
had two ORFs separated by an intergenic AU-rich region.
The ORF at the 3'end was 1404 nt long, encoding the NSs
protein with a molecular mass of 50.52 kDa. The ORF at
the5'end, position 2041-2817,encodes the N proteinin the
complementary sense.

The phylogeny of the Mum-A5 was studied in order to
understand its relationship to the other TSWV isolates
previously described irrespective of their host and origin.
Only complete and functional sequences of the studied
proteins were analyzed. The TSWV N protein has been
the preferred molecular marker in several studies, result-
ing in a plethora of sequences in public databases. The
TSWYV protein sequences in this study followed different
evolutionary patterns. The Flu+G was the best-fit model
describing the evolution of the NSm and the GN/GC pre-
cursor protein, while HIVw+G, JTT+G and JTT+G+I+F
were the best-fit evolutionary models for the NSs, N and
RdRp proteins, respectively. The outgroup-rooted ML
trees using the NSm, GN/GC precursor and N proteins
placed Mum-A5 into a distinct phylogenetic lineage
(Fig. 1c and d). The NSm protein ML tree is not shown.

Amino acid sequence identity values between Mum-A5
and the other TSWV isolates were 96.5-99.6% for the N
protein; 95.7-99.3% for the NSm protein and 94.9-97.8%
for the GN/GC precursor protein. Well-supported clades
involving Mum-A5 were observed on the ML trees gener-
ated using the RARp and NSs proteins. Mum-A5 forms a
clade with theisolate LK-1from neighboring South Africa
on the RARp protein ML tree (Fig. 1a and b). Both African
isolates shared the highest RARp amino acid sequence
identity values of 99.1%. Incursion of TSWV could have
occurred either through trade, migration or vector move-
ment across the neighboring countries. On the NSs ML
tree, the African isolates were grouped in a larger clade
with isolates from Asia, Australia, Europe and the USA. No
recombination events were detected in any of the Mum-
A5 genomic segments. Our results suggest that the origin
of Mum-A5 could have been the result of long-distance
migration and reassortment.

This study provides the first full genome sequence of a
TSWV isolate from Zimbabwe. It adds useful information
towards understanding TSWV evolution. Since TSWV
is an economically important pathogen, Zimbabwean
farmers are advised to grow resistant cultivars to mitigate
further virus spread and negative impact on agricultural
production.
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