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Abstract

Barleria cristata L. has become naturalized in South Africa, where it commonly used
as an ornamental. In 2019, plants of B. cristata showing putative viral symptoms were
collected from two locations in Gauteng, South Africa. RNAtag-seq libraries were
prepared and sequenced using an [llumina HiSeq 2500 platform. De novo assembly of
the resulting data revealed the presence of a novel member of the Tospoviridae family,
associated with the plants from both locations, with the tentative name of barleria
chlorosis-associated virus. Segments L, M and S, have lengths of 8752, 4760 and
2906nt respectively. Additionally, one of the samples was associated with a novel
polerovirus, provisionally named barleria polerovirus 1 and a complete genome length
of 6096nt. This is the first study that shows the association of viruses with a species

from the genus Barleria.



Barleria L. (family: Acanthaceae) is a diverse genus of herbaceous and shrub-like
plants, with ~300 species distributed mainly within Africa and Asia [1]. B. cristata is a
species native to large parts of southeast Asia and India but has become naturalized in
many African countries, including South Africa [2]. While some species are used as
ornamentals and sources of ethnomedicinal compounds [3], the economic importance
of the genus is low. This has led to a corresponding lack of research of associated
viruses and until now, no plant pathogenic virus has been reported for the genus.

In November 2019, two plants of B. cristata, one of which displayed large diffuse
chlorotic spots (19-3031) and the other, severe foliar mosaic symptoms (19-3037)
(Supplementary Fig. 1) were collected from two different locations in Gauteng
province, South Africa. These samples are associated with accession numbers 19-3031
and 19-3037 with GPS collection coordinates of -25.751853; 28.229389 and -
26.086949; 27.843592 respectively.

Samples were macerated using liquid nitrogen and total RNA was isolated using the
GeneJET Plant RNA purification kit (Thermo Fischer Scientific, Vilnius, Lithuania),
which was used as input for the generation of an RNAtag-seq library, according to
Shishkin et al, (2015) [4]. A total of 32 samples were included in the library preparation,
however 30 of these were unrelated to this study. Sequencing of the resulting library
was performed using an [llumina HiSeq 2500 instrument (Illumina, San Diego, United
States) at the Agricultural Research Council — Biotechnology Platform, Pretoria, South
Africa. Demultiplexing of the raw reads output was performed using the Je suite [5].
Datasets associated with 19-3031 and 19-3037 were trimmed for read length, read
quality and adapter content, using CLC Genomics Workbench 9 (Qiagen
Bioinformatics, Aarhus, Denmark) with the following parameters. Minimum read
length = 20bp; quality limit = 0.05 and trim adapters (Illumina universal adapter: 5’
AGATCGGAAGAG 3’ RNAtag-seq adapter: 5’
TACACGACGCTCTTCCGATCTNNNNNNNNT 3’). Trimming resulted in a total of
3,133,356 and 1,968,363 reads for 19-3031 and 19-3037 respectively, which are
available as an NCBI SRA under BioProject number PRINA658368.

Trimmed reads were assembled using metaSPAdes [6], with the identities of the
resulting contigs being classified using blastn [7] with the virus refseq database. Only
plant virus-associated contigs were selected for further analyses. Browser based blastx
analyses (blast.ncbi.nlm.nih.gov) confirmed the presence of three RNA segments of a

divergent member of Orthotospovirus associated with 19-3031 and 19-3037, as well as



a divergent polerovirus, present as a mixed infection, for 19-3037. The L, M and S
orthotospovirus segments associated with 19-3031 had average coverage values of
1,243; 1,081 and 703x respectively and 163; 277 and 485x for 19-3037. The polerovirus
contig had an average coverage of 248x.

The locations of putative open reading frames (ORFs) and associated amino acid
sequences were determined using ORF finder [8]. Genome maps for both viruses are
show in Fig. 1 with the genome organizations typical their respective families [9, 10].
The average amino acid identities (AAI) for the putative gene products of the viruses
from this study and their closest relatives were determined using the AAI calculator
from the enveomics collection [11]. The amino acid sequences of the N-protein of the
orthotospovirus and the RNA-dependent RNA polymerase (RdRp) of the polerovirus
were aligned against cognate sequences from related viruses, using BioEdit 7.2.5 [12].
Best-fit maximum likelihood phylogenies (LG and JTT models for orthotospo- and
polerovirus respectively; 1000 bootstrap replicates) were generated using MEGA X

[13].

Figure 1: Genome maps of the genomic segments of barleria chlorosis virus (BCaV) and barleria polerovirus 1 (BPoV1).
Each genome or genome segment is shown in the positive sense and each open reading frame (ORF) is represented by a
grey block with the direction of each ORF indicated. The putative function of the gene products expressed by each ORF
is shown. RARp — RNA-dependent RNA polymerase; NSm — non-structural protein (M segment); GP — glycoprotein; NSs
- non-structural protein (S segment); N — nucleocapsid; PO - suppressor of RNA silencing; PI — protease; P1-P2 - RNA-
dependent RNA polymerase; P3 - Major coat protein, P4 — movement protein; P3-P5 — minor coat protein.
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Table 1: Genome segment lengths (in nucleotides (nt)), genes, gene locations, putative gene product sizes (in amino acids
(aa)), product functions andsteaverage amino acid sequence identity (AAI) shared between the viruses in this study and
cognate gene products the most closely related viral strains. BCaV — Barleria chlorosis-associated virus. BPoV1 —
Barleria polerovirus 1. ¢ KX468767 - Polygonum ringspot virus; ®* GU591752 — Impatiens necrotic spot virus; °
KT984753 Tomato_necrotic_spot_associated virus; ¢ NC 018071 Bean necrotic —mosaic  virus;
NC 027719 Chrysanthemum_stem_necrosis_virus;, 7 KR231963 - Cucurbit aphid-borne yellows virus ¢
MKO050790 Luffa_aphid-borne_yellows virus; " HQ388351 Brassica yellows virus;, ' NC_034247 Cowpea polerovirus
27 NC 033229 Hubei polero-like virus 2 * HF969027 Pepper yellows virus.” P3a is a putative gene product that is
potentially expressed from a non-AUG initiation site through leaky scanning.

e

Genome Length Gene Gene Product Putative gene MW pl AAI
segment/ (nt) location (nt) size (aa) function/s (kDa)
GenBank
acc.
BSMoV L segment 8752 RdRp 8711-111 2866 RNA-dependant- 331.7 6.5 42.52
MW251496 RNA-polymerase
M segment 4760 NSm 80-1027 315 Movement protein 355 8.7 43.9b
MW251497
GP 4669-1364 1101 Glycoprotein 125.9 8.3 41.5¢
S segment/ 2906 NSs 60-1445 461 Non-structural protein | 52.4 6.6 19.14
MW251498 N 2837-2079 252 Nucleocapsid 28.9 8.7 33.5¢
MW251502 6096 PO 28-768 246 Suppressor of RNA 27.9 9.2 23.6f
silencing
P1 167-2317 716 Protease 78.7 9.1 32.88
P1-P2 167- 1063 RNA-dependent RNA | 119.5 6.5 49.6"
1879:1879- polymerase
3594
P3a* 3661-3795 45 Protein 3a 4.9 9.4 60
P3 3779-4384 201 Major coat protein 22.3 114 70.2i
P3-P5 3779-5803 674 Minor coat protein 74.4 8.9 54.3f
(P3-P5 fusion)
P4 3813-4388 191 Putative movement 21.1 6.7 41.3k
protein

AAI figures and phylogenetic dendrograms (Table 1; Supplementary Fig. 2 and 3)
suggested that the plant viruses associated with B. cristata in this study are novel and
the tentative names of barleria chlorosis-associated virus (BCaV) and barleria
polerovirus 1 (BPoV1) have been proposed for the orthotospo- and polerovirus
respectively. GenBank accessions for BCaV 19-3031 and 19-3037 segments are
MW251496 — MW251498 and MW251499 — MW251501 respectively, while BPoV1
is associated with MW251502. The BCaV N-gene encoded product shares a 34% AAI
with the cognate gene of chrysanthemum stem necrosis virus, the most closely related
extant orthotospovirus (Supplementary Fig. 2). This is well below the demarcation

threshold of 90% AALI to be considered a novel species [13]. The AAI shared between



the putative gene products for BCaV from 19-3031 and 19-3037 were all >99% with
the exception of NSs (96.3%).

BPoV1 clusters with other extant members of the Polerovirus genus (Supplementary
Fig. 3) grouping most closely to chickpea chlorotic stunt virus (CpCSV). The AAI
shared between the putative gene products of BPoV1 and the cognate gene products of
the most closely related viruses ranged between 23.6% (P0) — 70.2% (P3) (Table 1).
BPoV1 has a putative ORF3a, such as that described for Turnip yellows virus [15], with
a non-AUG (ACG) at 3661..3663nt and a UAG stop codon at 3796..3798nt. All AAI
values were below 90%, which suggested that BPoV1 is a novel member of the
Polerovirus genus [16]. BPoV 1 has a slippery site between 1873-1879nt (GGGAAAC),
which facilitates the production of the P1-P2 fusion protein (RdRp), through a -1
ribosomal frameshift [17].

The presence of both BCaV (19-3031 and 19-3037) and BPoV1 (19-3037) were
confirmed using RT-PCR. Primers were designed to target a partial segment of the coat
protein gene of BPoV1 with forward and reverse sequences of BPoV1-CP-F: 5° AGA
CTC CCT ATA CCA GTG GTT GGT 3’ and BPoV1-CP-R: 5 CAA GGA TAC CCG
ATA AGT GAT CTG GA 3°. The N-gene of BCaV was targeted using BCaV -N-F: 5’
TCA TTC TTG GAC CTT TAG AGC CAG T 3’ and BCaV-N-R: CTA GAA TGG
CTC CAC CAG TGT AC 3°. Two-step RT-PCR reactions were carried using Promega
GoScript™ Reverse Transcriptase and GoTaq® Taq polymerase (Promega, Madison,
WI, United States), according to manufacturer instructions. Amplicons of the expected
size were visualized on an agarose gel (758 and 826bp for BCaV and BPoVl1
respectively) and the identities confirmed using bidirectional Sanger sequencing
(Ingaba Biotechnical Industries, Pretoria, South Africa).

The 5’ terminal nucleotides of barleria polerovirus 1 was confirmed using the 5'
RACE System for Rapid Amplification of ¢cDNA Ends (RACE), version 2.0
(Invitrogen, Carlsbad, CA, United States), according the to manufacturer’s
specifications, using the following gene specific primers: GSP1: 5> AGA GAA TCG
TCC GCA CTA 3’; GSP2: 5 ‘ATA CAC CTG AGA GTACGCCCA ACAT3’.RACE
amplification was not performed for either of the two BCaV genomes, since all three
segments from both 19-3031 and 19-3037 showed the expected inverted
complementary [18] in the terminal nine nucleotides (5’ terminus ‘5 AGA GCA TTC

3’). One exception was a single nucleotide mismatch within the 3’ terminus of the M



segment. Segments L, M and S, of BCaV have lengths of 8752, 4760 and 2906nt
respectively and the genome of BPoV1 has a length of 6096nt.

Orthotospoviruses are known for having highly variable host ranges from extremely
wide, such as that of Tomato spotted wilt tospovirus [19], to very narrow, such as Iris
yellow spot tospovirus [20]. Members of the Polerovirus genus are also known to have
highly variable host ranges [21], although CpCSV, to which BPoV1 is most closely
related to in a phylogenetic sense, has a narrow host range [22]. With no additional
plant viruses being detected in either of the two plants, it is likely that the symptoms
observed are the result of the infection of the orthotospo- and poleroviruses described
here. The potential for host jumps from native or naturalized plant species to
agriculturally important crops has become somewhat more predictable in recent years,
when taking virus taxonomy into consideration [23]. However, the potential for broad
host ranges with both genera associated with this study, warrants further research on

determining whether these viruses are able to infect agriculturally important species.
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