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Abstract 
Okra is one of the most widespread vegetable crops in the world, particularly 
in West Africa. However, several factors influence okra crops as biotic and 
abiotic factors. Among the diseases affecting its culture, okra leaf curl disease 
is a major threat. This study aims to assess begomoviruses from okra plants 
with symptoms like leaves curl by molecular approach. A total of thirteen se-
rologically positive samples were tested by PCR assay, and one sample was 
sequenced among them. The begomovirus was found in six isolates, Bhendi 
yellow vein mosaic virus (BYVMV) in three isolates, and Okra enation leaf 
curl virus (OELCuV) in three isolates, respectively. The begomovirus isolate 
sequences shared 90% identity with the Cotton leaf curl Gezira virus. Mixed 
infections between these viruses were found. Thus, these results highlight the 
need to monitor the spread of these disease-causing viruses for okra crops in 
Mali. In addition, they can also lead to a considerable loss in okra fields in 
Koulikoro, which is an agricultural region by excellence. 
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1. Introduction 

Okra or Abelmoschus esculentus L. Moench, is a flowering plant composed of 
edible green seed pods [1]. The Malvaceae Familly, okra is a vegetable native to 
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West and Central Africa [2].  
The Geminiviridae family is composed of small circular ssDNA viruses, en-

capsidated within virions, with geminate morphology, and known to cause dis-
eases in crop plants across the world [3].  

Cultivated okra is recognized to be susceptible to a multiple number of bego-
movirus-like mosaic virus diseases and others. These others could be responsible 
viruses such as Yellow vein mosaic disease (OYVMV), Okra leaf curl disease 
(OLCV), and Okra enation leaf curl disease (OELCuV), CLCuGV, and CYCrV 
which are potentially transmitted in the field by the whitefly [4]-[8]. 

Most geminiviruses are in the genus Begomovirus [9]. 
Begomovirus infects primarily dicotyledonous plants and the transmission is 

done by the whitefly Bemisia tabaci [10] [11]. Transmission is mainly by whitefly 
[12], and infection increases as the number of whiteflies increases. Symptoms 
appear 8 to 12 days after infection [3]. 

OLCD is an important viral disease characterized by leaf curling either up-
ward or downward, mostly associated with plant stunting. Caused by viruses of 
the genus Begomovirus, and affects the culture of Okra in terms of yield and 
fruit quality in tropical and subtropical areas [13] [14]. 

In most African countries, Okra leaf curl disease (OLCD) is considered the 
most serious disease menacing okra production [14]. Infection usually occurs at 
an early stage in the crop [15]. The age of the seedlings plays an important role 
in the acquisition of infection. It is highest between 7 and 15 days of seeding [3]. 

OYVMV is one of the most devastating and widespread viruses in the okra 
fields, transmitted by whitefly (Bemisia tabaci Genn.), which is the most 
troublesome pest of many crops in the world [16]. Kulkarni initially reported 
the virus in Mumbai, India in 1924. Yadav et al. reported that the okra Leaf 
curl disease can cause significant yield losses. The losses of yield are more im-
portant among plants infected at an early stage [17]. The virus is responsible 
for 80% - 90% of yield losses and it affects all the developmental stages of okra 
plants. In Ghana, Africa, more than 50% of disease incidence in okra farms has 
been reported [16]. 

Usually, viral infections are controlled by vector control. Controlling whitefly 
populations and/or treating seedlings with phytopesticides are just some of the 
ways to avoid infection by the okra Leaf curl virus [18]. It has been reported that 
controlling whitefly populations is the best measure against okra Leaf curl dis-
ease [18]. 

Near Bamako, Mali, typical symptoms of begomovirus infection, such as yel-
low veining, leaf yellowing, crinkling, and cupping, were observed in okra (Ab-
elmoschus esculentus) variety trials. After sequence analysis, the disease was 
caused by a distinct begomovirus named Okra Yellow Vein Crinkle Disease 
(OYVCrD) [19]. This study aimed to identify and characterize begomoviral in-
fection by molecular method from okra plants with OLCD plus the mosaic 
symptoms in Koulikoro, Mali. 
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2. Materials and Methods 
2.1. Sample Collection  

Leaves of okra showing symptoms were collected from nine (9) different field 
locations of Koulikoro (IPR Diakitebougou, IPR boarding garden, IPR garden 
near bridge, IPR garden, Kolebougou, Koulikoro Downtown, and Niarebougou). 
It was previously 52 samples from which 13 samples have tested positive for the 
Okra Mosaic virus (OkMV) serologically. 

2.2. DNA Isolation 

Approximately 100 mg of okra leaves frozen at −20˚C were used for DNA ex-
traction. Virus DNA was extracted using a DNeasy Plant Mini kit (Qiagen, Mar-
yland, USA) according to the manufacturing’s instructions. The concentration 
and purity of DNA were evaluated at 260 to 280 nm with a spectrophotometer 
(Eppendorf AG, Germany) by absorbance at (260/280, and 260/230 ratio) re-
spectively. DNA was stored at −20˚C when it was not used immediately.  

2.3. PCR Amplification 

All DNA isolates were screened for begomovirus detection, Bhendi yellow vein 
mosaic virus (BYVMV), and Okra enation leaf curl virus (OELCuV). The pri-
mers used were “Okra-F318/Okra-R1004, and Okra-1469/Okra-R2338” for be-
gomovirus, “BY” for BYVMV, and “OE” for OELCuV (Table 1). 

Polymerase chain reactions (PCR) were carried out at the Laboratoire de Bi-
ologie Moléculaire Appliquée (LBMA) in Bamako. Primers (Table 1) were used 
to identify begomoviruses, BYVMV, and OELCuV in diseased plant leaf sam-
ples. PCR was performed following the protocol modified from studies con-
ducted by Naresh et al. (2019) in southwest India, and Tiendrebeogo (2014) in 
Burkina Faso [20] [21]. 

Amplification was carried out using the thermocycler PTC 200. The total vo-
lume of the reaction was 25 µl containing different concentrations: 1 X Buffer, 3  
 
Table 1. List of primers. 

Primer 
name 

Sequence 
5’ → 3’ 

Amplified 
fragment 

size bp 
References 

OE For CGCTATAAGTACTTGCGCACTAAG 
327 

(Naresh et al. 
2019) 

OE Rev CATTCGTGATTTTGTGACGCGG 

BY For GGCATGGACAAACAGGCCTATG 
470 

BY Rev CCAACGCCTGTTCCCTCGCTG 

Okra-F318 AATTATGTCGAAGCGACCAG 
700 (Tiendrebeogo 

et al. 2010; 
Tiendrebeogo, 

2014) 

Okra-R1004 GCATTCTCCGTATGATTCTC 

Okra-1469 CAGTGATGAGTTCCCCTGTG 
900 

Okra-R2338 GTCAAGTCCTACATCGACAAGG 
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mM MgCl2, 0.4 mM dNTPs, 0.4 µM each primer, 1.25 U GoTaq® DNA Polyme-
rase, and 5 µl of DNA. The program was conducted using the thermocycler PTC 
200:1 cycle of denaturation at 94˚C for 5 minutes followed by 35 cycles of 94˚C 
for 1 min (denaturation), 52˚C for 30 sec (hybridization), 72˚C for 1 min (initial 
elongation), 72˚C for 10 min (final elongation).  

The product amplifications were visualized on 1% and 1.5% agarose gel ac-
cording to primer size with ethidium bromide using UV-light with UV® light 
transilluminator and Doc-ItLS Analysis Software. 

2.4. Sequencing 

One sample positive with Okra-F318/Okra-R1004 primers selected based on 
product quality PCR was subject to the Sanger sequencing technique using the 
CEQ™ 8000 DNA analyzer (Beckman Coulter). The sequences were analyzed 
using the NCBI BLAST Search Tool (BLAST, https://www.ncbi.nlm.nih.gov/) 
consulted on 31 July 2023. Following amplification, the PCR products were puri-
fied and re-amplified using the GenomeLab DTCS Quick Start Kit (Beckman 
Coulter, USA) according to the manufacturer’s instructions. Finally, sequencing 
products were purified by ethanol precipitation. 

2.5. Phylogenetic Analysis 

The Basic Local Alignment Search Tool (BLAST) of NCBI (National Center for 
Biotechnology Information) was used to confirm the identity of the generated 
sequences in the GenBank nucleotide database. The sequences were aligned with 
BioEdit software version 7.7 using sequences retrieved on GenBank alignments. 
The GenBank accession numbers, strain, country of origin, district of origin, 
date, and the plant of isolation were given for each virus when available.  

The phylogenetic tree was performed using Molecular Evolutionary Genetics 
Analysis (MEGA) software version 7.0. The Maximum likelihood statistical me-
thod based on the Tamura-Nei model was performed [22]. The robustness of the 
phylogenetic tree was evaluated with 1000 bootstrap replicates. 

3. Results 
Identification of Okra Leaf Curl Virus 

At the left, the PCR product shows Okra-F318/Okra-R1004 which amplified 700 
bp with samples B1, C3, D3, E3, E4, and E5 positive; B2, B3, and B4 were nega-
tive; NC negative control and PC positive control to the assay; Marq-100 mole-
cular weigh (100 bp). At the right, Okra-1469/Okra-R2338 which amplified 900 
bp with B1, D3, E3, and E5 positive, B2, B3, B4, C1, and C3 were negative re-
spectively. NC negative control and PC positive control to the assay; Marq-100 
molecular weight (100 bp). 

Symptoms were mainly mosaic and leaf curl. We found mixed infections. 
The genome highlighted in red corresponds to the sequence of this study. The 

phylogeographic analysis of the sequences using BLAST tools showed that the 
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viruses isolated in Mali are mostly similar to those from Burkina Faso (Figure 
2). 

4. Discussion 

Among the samples collected from different areas of Koulikoro, 13 samples have 
been positive for serological tests. PCR was successfully applied for begomoviral 
detection in these symptomatic serological positive samples with fragments of 
approximately 900 bp, 700 bp (see Figure 1), 470 bp, and 327 bp (the figure does 
not show). The result obtained was expected, the band of products PCR was 
properly visible on the agarose gel after electrophoresis (Figure 1). 

These PCR product fragments found in this study corroborate those of Tien-
drebeogo et al. (2010) [14]; Tiendrebeogo, (2014) [21], and Naresh et al. (2019) 
[20] who have carried out similar work on okra begomoviruses. 

In this study, we have evaluated the possibility of okra leaves being infected by 
several types of viruses. We first tested okra leaves serologically for okra mosaic 
virus. PCR was used to identify the viruses responsible for okra leaf disease. In 
the present study, PCR was used to identify the begomoviruses BYVMV and 
OELCuV. 

This study showed that 46% (6/13) of samples were positive for begomovi-
rus-specific primers, 23% (3/13) for BYVMV, and 23% (3/13) for OELCuV re-
spectively (Table 3).  

In the identification process of the viruses infecting okra leaves, we found in 
the same DNA extracts begomovirus plus BYVMV and OELCuV. This is the 
first time that these two viral species infecting okra leaves (BYVMV and OEL-
CuV) have been reported in Mali, and they may be responsible for a major threat 
to okra production. 

Tiendrébéogo et al. (2010) [14] reported that the effect of okra leaf curl disease 
is greater in local okra seed crops with an overall considerable yield loss, ranging 
from 68.5% to 72.5% in Burkina Faso compared to commercial seed crops from 
8.7% to 16.2%. The effect of the disease on local okra seed crops was  
 

 
Okra-F318/Okra-R1004               Okra-1469/Okra-R2338 

Figure 1. Gel electrophoresis analysis of the products from PCR of begomovirus. 
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observed by a 58% reduction in growth compared to 39.6% for commercial ones 
[14].  

We found mixed infections with the virus responsible for enrolment and yel-
low vein mosaic of leaves, with the other viruses investigated in this study ac-
counting for 23% (3/13) (Table 3). Tiendrébéogo et al. (2010) [14], reported 
major symptoms such as leaf curl found in this study.  

The sequenced sample was 90% identified with 5% gaps using the NCBI 
BLAST tool with a higher similarity to Cotton leaf curl Gezira virus from Burki-
na Faso. Thus, we used BLAST NCBI, which showed similarity with Cotton leaf 
curl Gezira virus from different geographical areas Burkina Faso, Côte d’Ivoire, 
and Niger (Figure 2). 
 
Table 2. Results of PCR by samples symptoms and primers used. 

ID Symptoms 
PCR 

BY OE Okra318 Okra1469 

B1 Mosaic + leaf curl POS POS POS POS 

B2 Mosaic + leaf curl NEG NEG NEG NEG 

B3 Mosaic + leaf curl NEG NEG NEG NEG 

B4 Mosaic + leaf curl NEG NEG NEG NEG 

C1 Mosaic + leaf curl NEG NEG NEG NEG 

C2 Mosaic + leaf curl NEG NEG NEG NEG 

C3 Mosaic + leaf curl POS POS POS NEG 

C4 Mosaic + leaf curl NEG NEG NEG NEG 

D2 Mosaic + leaf curl NEG NEG NEG NEG 

D3 Mosaic + leaf curl NEG NEG POS POS 

E3 Mosaic + leaf curl + yellow spots NEG NEG POS POS 

E4 Mosaic + leaf curl NEG NEG POS NEG 

E5 Mosaic + leaf curl POS POS POS POS 

NEG: Negative POS: Positive. 
 
Table 3. Number of positive samples detected by PCR. 

PCR Positive 
Fréquency 

n = 13 
Percentage 

BY 3 23.1 

OE 3 23.1 

Okra-F318/R1004 6 46.2 

Okra-F1469/R2338 4 30.8 

Mix infection* 3 23.1 

*: begemovirus + BYVMV + OELCuV. 
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Figure 2. Maximum likelihood (ML) phylogenetic tree based on generated sequence and 16 begomovirus sequences re-
trieved by BLAST on NCBI. 

 
The bogomovirus was also found associated with the Okra curl disease and 

CLCuGV (Cotton leaf curl Gezira virus) in Burkina Faso [14]. 
In this study, the sequenced sample showed a very high similarity to CLCuGV. 

This suggests a permanent circulation in the fields where the samples were col-
lected. It is also important to note that cotton is also well-grown in these fields 
during the rainy season.  

Cotton leaf curl Gezira virus has been reported in several African countries, 
including Burkina Faso [23], Niger [24], Côte d’Ivoire [25], and Sudan [26]. 

5. Conclusion 

This study is the first of its kind, with all activities from collection to sequencing 
analysis carried out in Mali. The okra leaf curl disease (OLCD) is present in the 
agroecological zone of Koulikoro, Mali. These molecular results highlight the 
complex causes of okra leaf curl disease in Mali and suggest future investiga-
tions. 
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