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ABSTRACT A complete Okra leaf curl virus DNA-A was sequenced from okra in Egypt.
Here, we report the complete genome sequence of this monopartite virus, comprising
2,764bp and encoding 6 open reading frames (ORFs) with a GC content of 44.6% and
88.3% similarity to a virus reported earlier from Cameroon.

Okra (Abelmoschus esculentus L. Moench) is cultivated for its pods as a food source
throughout Egypt, which is currently ranked the ninth country in world okra production

(1). Several Begomovirus species (family Geminiviridae) were identified in various Malvaceae
plants (2–4). Fauquet et al. (5) reported the susceptibility of okra to eight Begomovirus species,
and among them are Okra leaf curl virus (OLCV; monopartite), Okra yellow vein mosaic vi-
rus (OYVMV; monopartite), and Okra enation leaf curl virus (OELCuV; monopartite), which
contribute between 30% and 100% yield losses in okra (4, 6), particularly under field con-
ditions (7, 8). The OLCV is transmitted by the whitefly (Bemisia tabaci) and causes the
okra leaf curl disease characterized by leaf curling, crumpling, and malformation, severe
stunting; vein enation, and necrosis (6). Members of the genus Begomovirus have circular
single-stranded DNA (ssDNA) genomes which are either monopartite (one ;2.8-kb DNA
component) or bipartite (two ;2.6-kb DNA components). They are the largest genus of
the family Geminiviridae and cause economically significant diseases of many vegetable
and fiber crops (9, 10). In this study, we assembled and reported a new complete OLCV
DNA-A genome sequence identified in okra cultivated in the open experimental field of
Ain Shams University, Cairo, Egypt.

DNA extraction was performed using a DNeasy plant minikit (Qiagen, USA) on 0.6 g
infected okra leaf. An Illumina paired-end DNA library was constructed using the TruSeq
preparation kit (Illumina) with an average insert size of 350bp and sequenced using the
Illumina HiSeq 4000 platform (Novogene, China) to generate paired-end 150-bp reads. The
single-contig assembly approach (11, 12) was employed, as a 5% portion of the total reads
were de novo assembled. All the circular contigs were subjected to a search at the online
NCBI database (nucleotide collection [nonredundant nucleotide] using Megablast set to
okra) to identify viral-related circular sequences. The clean pair-end reads were remapped to
the single viral contig with 15 iterations (times), rechecked for variants, and annotated based
on the BLAST results. The read trimming (trim-end tool was set at 0.05 error probability
limit), de novo assembly, mapping, and annotation were performed in Geneious prime using
the default parameters unless otherwise specified (13).

Out of 86 million clean paired-end reads, 83 circular contigs were assembled. A single cir-
cular contig was highly similar (88.3%; query coverage, 100%) to the OLCV reported from
Cameroon (GenBank accession number NC_014745; GC content of 43.5%). The genome was
2,764bp in length, with 6 open reading frames (ORFs). Four reversely oriented ORFs, namely,
the replication association protein (C1; 1,089bp; 363 amino acids [aa]), transcriptional
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activator protein (C2; 405bp; 135 aa), replication enhancement protein (C3; 402bp; 134 aa),
and a hypothetical protein (C4; 294bp; 98 aa), and two forwardly oriented ORFs, specifically,
coat protein (V1; 777bp; 259 aa) and precoated protein (V2; 369bp; 123 aa), were annotated
(Fig. 1). Compared with the OLCV reported from Cameroon, the Egyptian strain was distin-
guished by 216 point mutations. The major portion of variants were found in the coat pro-
tein gene V1 (128 variant sites; 22.3% dissimilarity) and the precoat protein V2 (63 variant
sites; 28% dissimilarity), with 35 shared variants in the overlapping region between V1 and
V2, while C genes showed#5% of variation. Specifically, three point mutations in the V2
gene (78 G. T, 79 C.A, and 132 T.A) led to a premature stop codon and thus a reduc-
tion in the precoated protein size from 146 to 123 aa (Fig. 1). These data may serve as a use-
ful genomic resource for future comparative genomics and phylogeography analysis on
OLCV.

Data availability. The OLCV genome isolated from Egypt (O12) has been deposited
in the NCBI GenBank database under the accession number MW015091, and the raw
fastq reads were deposited in the NCBI SRA database under the accession number
SRR12963442.
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FIG 1 Comparative circular genetic map of Okra leaf curl virus. The OLCV genome reported from Egypt (green
tags) versus the one reported from Cameroon (blue tags). Six annotated ORFs are shown; for the ORF “V2,” the
differences in the annotation intervals between both genomes are detailed in numbers.

Magdy et al.

Volume 10 Issue 29 e00533-21 mra.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/MW015091.1/
https://www.ncbi.nlm.nih.gov/sra/SRR12963442
https://mra.asm.org


REFERENCES
1. Ahiakpa JK, Magdy M, Werner O, Amoatey HM, Yeboah MA, Appiah AS,

Quartey EK, Ros RM. 2017. Intra-specific variation in West African and Asian
germplasm of okra (Abelmoschus spp L.). Ann Agric Sci 62:131–138. https://doi
.org/10.1016/j.aoas.2017.08.002.

2. Zerbini FM, Andrade EC, Barros DR, Ferreira SS, Lima ATM, Alfenas PF,
Mello RN. 2005. Traditional and novel strategies for geminivirus management in
Brazil. Austral Plant Pathol 34:475–480. https://doi.org/10.1071/AP05088.

3. Fauquet CM, Stanley J. 2005. Revising the way we conceive and name
viruses below the species level: a review of geminivirus taxonomy calls
for new standardized isolate descriptors. Arch Virol 150:2151–2179.
https://doi.org/10.1007/s00705-005-0583-0.

4. De Lucia B, Patel VB, Mishra GP, Singh B, Seth T, Singh AK, Halder J,
Krishnan N, Tiwari SK, Singh PM. 2017. Biotechnological advancements and
begomovirus management in okra (Abelmoschus esculentus L.): status and per-
spectives. Front Plant Sci 8:360. https://doi.org/10.3389/fpls.2017.00360.

5. Fauquet CM, Briddon RW, Brown JK, Moriones E, Stanley J, Zerbini M,
Zhou X. 2008. Geminivirus strain demarcation and nomenclature. Arch
Virol 153:783–821. https://doi.org/10.1007/s00705-008-0037-6.

6. Aranha SA, de Albuquerque LC, Boiteux L, Inoue-Nagata A. 2011. Detec-
tion and complete genome characterization of a Begomovirus infecting
okra (Abelmoschus esculentus) in Brazil. Trop Plant Pathol 36:14–20.
https://doi.org/10.1590/S1982-56762011000100002.

7. Venkataravanappa V, Reddy CNL, Jalali S, Reddy MK. 2013. Molecular
characterization of a new species of Begomovirus associated with yellow

vein mosaic of bhendi (okra) in Bhubhaneswar, India. Eur J Plant Pathol
136:811–822. https://doi.org/10.1007/s10658-013-0209-4.

8. Venkataravanappa V, Reddy CNL, Jalali S, Briddon RW, Reddy KM. 2015.
Molecular identification and biological characterization of a begomovirus
associated with okra enation leaf curl disease in India. Eur J Plant Pathol
141:217–235. https://doi.org/10.1007/s10658-014-0463-0.

9. Rojas MR, Hagen C, Lucas WJ, Gilbertson RL. 2005. Exploiting chinks in the
plant’s armor: evolution and emergence of geminiviruses. Annu Rev Phytopa-
thol 43:361–394. https://doi.org/10.1146/annurev.phyto.43.040204.135939.

10. Varma A, Malathi VG. 2003. Emerging geminivirus problems: a serious
threat to crop production. Ann Appl Biol 142:145–164. https://doi.org/10
.1111/j.1744-7348.2003.tb00240.x.

11. Magdy M, Ou L, Yu H, Chen R, Zhou Y, Hassan H, Feng B, Taitano N, Van
Der Knaap E, Zou X, Li F, Ouyang B. 2019. Pan-plastome approach empowers
the assessment of genetic variation in cultivated Capsicum species. Hortic Res
6:108. https://doi.org/10.1038/s41438-019-0191-x.

12. Magdy M, Ouyang B. 2020. The complete mitochondrial genome of the
chiltepin pepper (Capsicum annuum var. glabriusculum), the wild progeni-
tor of Capsicum. Mitochondrial DNA B Resour 5:683–684. https://doi.org/
10.1080/23802359.2020.1714496.

13. Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung M, Sturrock S, Buxton S,
Cooper A, Markowitz S, Duran C, Thierer T, Ashton B, Meintjes P, Drummond
A. 2012. Geneious Basic: an integrated and extendable desktop software
platform for the organization and analysis of sequence data. Bioinformatics
28:1647–1649. https://doi.org/10.1093/bioinformatics/bts199.

Microbiology Resource Announcement

Volume 10 Issue 29 e00533-21 mra.asm.org 3

https://doi.org/10.1016/j.aoas.2017.08.002
https://doi.org/10.1016/j.aoas.2017.08.002
https://doi.org/10.1071/AP05088
https://doi.org/10.1007/s00705-005-0583-0
https://doi.org/10.3389/fpls.2017.00360
https://doi.org/10.1007/s00705-008-0037-6
https://doi.org/10.1590/S1982-56762011000100002
https://doi.org/10.1007/s10658-013-0209-4
https://doi.org/10.1007/s10658-014-0463-0
https://doi.org/10.1146/annurev.phyto.43.040204.135939
https://doi.org/10.1111/j.1744-7348.2003.tb00240.x
https://doi.org/10.1111/j.1744-7348.2003.tb00240.x
https://doi.org/10.1038/s41438-019-0191-x
https://doi.org/10.1080/23802359.2020.1714496
https://doi.org/10.1080/23802359.2020.1714496
https://doi.org/10.1093/bioinformatics/bts199
https://mra.asm.org

	Outline placeholder
	Data availability.

	ACKNOWLEDGMENT
	REFERENCES

