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Abstract
Objectives: Plant-infecting viruses remain a serious challenge towards achieving food security worldwide.
Cucurbits, in Zimbabwe, like in the other parts of the world, are used in various ways. A small-scaled
cucurbit virus survey was conducted in Zimbabwe during the 2014 and 2015 growing seasons. Cucurbit
leaf samples displaying virus-like symptoms were collected and stored until analysis. The samples were
then subjected to next-generation sequencing (NGS). The data generated from NGS were analysed using
genomics technologies. Zucchini shoestring virus (ZSSV), a cucurbit-infecting potyvirus previously
described in South Africa was one of the viruses identi�ed. The genomes of three ZSSV isolates from
Zimbabwe are described in this note. Results: The three ZSSV isolates had the same genome size of
10297 bp excluding the polyA tail with a 43% GC content. The large open reading frame (ORF) was found
at positions 69 to 10106 on the genome and encodes a 3345 amino acids long polyprotein which had the
same cleavage site sequences as those described on the South African isolates except for the P1-pro site.
The smaller ORF, also called the pretty interesting Potyviridae ORF, was located at positions 3611 to 3793
on the genomes for all three ZSSV isolates.

Introduction
Cucurbits are among the most economically important vegetables worldwide. In Zimbabwe, they are
widely grown by both commercial and smallholder farmers as food and cash crops. Virus diseases on
cucurbits produce diverse symptoms that results in yield reduction and in severe instances compromised
fruit quality. The negative effects of plant-infecting viruses on agricultural crops are more prominent
especially in countries where their studies are limited.

Zucchini shoestring virus (ZSSV) is a member of the genus Potyvirus in the Family Potyviridae [1, 2].
Viruses that constitute the genus Potyvirus are non-enveloped, �exuous and �lamentous virions with a
length varying between 680–900 nm long and 11–20 nm in diameter. The potyvirus genome, normally
enclosed in the capsid, consists of a monopartite, single-stranded, positive-sense RNA. The 5’ terminus of
the genomic RNA forms covalent bonds with the viral protein genome-linked (VPg) and a polyadenylic
acid (PolyA) tail makes up the 3’ terminus. Eleven multifunctional proteins are produced from the
potyvirus genome through polyprotein expression and polymerase slippage mechanisms [3].

The �rst con�rmed report of ZSSV dates back to 2015 from the studies on viruses infecting cucurbits in
South Africa in which ZSSV was identi�ed on Cucurbita pepo plants, locally known as baby marrow,
displaying severe foliar symptoms and malformed fruits [4]. Molecular studies of the ZSSV capsid have
shown that ZSSV is of the “Papaya ringspot virus cluster” of cucurbit-infecting potyviruses [2].

Methods

Sample sources and high-throughput sequencing
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Three baby marrow (Cucurbita pepo) leaf samples displaying symptoms of viral aetiology were collected
between 2014 and 2015 at three different cucurbit-growing farms, all located in Harare, Zimbabwe. Total
RNA was extracted from each sample using the Quick-RNA Miniprep Kit (Zymo Research, USA) as per the
manufacturer’s instructions and shipped on dry ice to the Agricultural Research Council Biotechnology
Platform (ARC-BTP) in Pretoria, South Africa, to be used for high-throughput sequencing on the Illumina
HiSeq platform using the 2 x 125 bp paired-end reads. For each sample, the data generated from the
sequencing was analysed as follows. Read quality control checks were assessed using FastQC version
0.11.5 (Babraham Bioinformatics). Trimmomatic version 0.36 [5] was used to trim the reads when
necessary. De novo assembly was performed with SPAdes version 3.10.1[6] according to the developer’s
instructions. Nucleotide blast was performed on all contigs using BLAST+ [7].

Results And Discussion
A contig from each sample matched the full-length genome sequence of the ZSSV isolates with 30x, 66x
and 80x coverage (Table 1). The genome size was the same for the three isolates under study and
consisted of 10297 bp excluding the polyA tail with GC contents varying between 42.92 and 42.96%. The
large open reading frame (ORF) was found at positions 69 to 10106 on the genome using the ORF�nder
web version (https://www.ncbi.nlm.nih.gov/or�nder/). The 3345 amino acids long polyprotein resulting
from the direct translation of the large ORF had the same cleavage site sequences as those described on
the South African isolates [2] except for the protein 1 protease (P1-pro) site. The motifs, RITC and PTR,
variants of the highly conserved KITC and PTK were also part of the polyprotein. The smaller ORF, also
called the pretty interesting Potyviridae ORF, was located at positions 3611 to 3793 on the genomes for
all three ZSSV isolates. Sequence identity was evaluated between the ZSSV isolates from Zimbabwe and
South Africa using SIAS, an online tool, (http://imed.med.ucm.es/Tools/sias.html). The nucleotide
sequence identity was 91–92% across the entire genome and the polyprotein ORF. Sequence
comparisons of the polyprotein at the amino acid level showed a 96% sequence identity over the entire
polyprotein. Looking at the mature peptide products of the polyprotein, the sequence identities were 87–
90% for the P1-pro, 94% for the six kilodalton peptide (6k) 1, 95% for the protein 3, 97% for the nuclear
inclusion A protease and the capsid protein, 98% for the VPg, the nuclear inclusion B RNA-dependent RNA
polymerase and the 6k2, 99% for the helper-component proteinase and the cytoplasmic inclusion. The
detection of ZSSV in cultivated baby marrow plants from the surveyed farms may indicate either a
broader geographical distribution of the virus or its spreading across borders. The occurrence of ZZSV in
Zimbabwe highlights the need to conduct further studies on its epidemiology and to develop effective
management strategies.

Table 1: Overview of the ZSSV genome sequences of the isolates found in the samples

Isolate names

Data repository and identi�er ( accession number)

Zucchini shoestring virus isolate F7-Art

https://www.ncbi.nlm.nih.gov/orffinder/
http://imed.med.ucm.es/Tools/sias.html
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DDBJ/ENA/GenBank (MK204479.1)

Zucchini shoestring virus isolate S6-Prime

DDBJ/ENA/GenBank (MK204480.1)

Zucchini shoestring virus isolate S7-Prime

DDBJ/ENA/GenBank (MK204481.1)

Limitations
The small sample size in that survey was the main limitation.
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