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Abstract
Cassava (Manihot esculenta Crantz: Euphorbiaceae) is the only species in its genus that is grown as a food crop. Africa 
is the largest centre for cassava production, producing over 100 million tonnes per year. However, cassava is affected 
by several diseases including Cassava Mosaic Disease (CMD) which is caused by Cassava Mosaic Viruses (CMVs). 
Symptoms of CMD include distortion of leaf lamina, mottling, unordered growth and malformation of the leaves, 
formation of chlorotic mosaics, and narrowing of the leaves. Several strains of CMVs that have been recorded include 
Africa cassava mosaic virus (ACMV), East African cassava mosaic virus (EACMV), East African cassava mosaic Malawi 
virus (EACMMV), East African cassava mosaic Ugandan virus (EACMV-UG), East African cassava mosaic Cameroon 
virus (EACMCV), East African cassava mosaic Zanzibar virus (EACMZV), East African cassava mosaic Kenya virus 
(EACMKV) and South African cassava mosaic virus (SACMV). However, limited information is available with regards 
to CMV strains in Zimbabwe. This work focused on identifying specific strains of CMV that are affecting cassava plants 
in Zimbabwe. Using nanopore sequencing, several strains of CMV including ACMV, EACMV, EACMV-UG, EACMV-K, 
and SACMV were detected in cassava plants from Zimbabwe. These findings provide the first comprehensive evidence of 
CMV strain diversity in Zimbabwe and highlight the potential of nanopore sequencing as a rapid and cost-effective tool 
for virus surveillance, early detection, and management of CMD in cassava production systems.
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1. Introduction
Cassava (Manihot esculenta Crantz) is the sole species within the 
genus Manihot cultivated extensively for human consumption. 
Globally, it serves as a major source of dietary carbohydrates, 
particularly in tropical and subtropical regions. Africa is the leading 
centre of cassava production, with annual outputs exceeding 
100 million metric tons, and more than 70 million people on the 
continent rely on cassava as a staple food source [1,2]. While the 
production of cassava is set to increase as its tubers can be used 
for ethanol production and livestock feed, cassava is affected 
by several diseases, including Cassava Mosaic Disease (CMD) 
caused by Cassava Mosaic Viruses (CMVs) [3,4]. CMVs belong 
to the family Geminiviridae of the genus Begomovirus [5]. While 
symptoms of CMD vary by season and cassava variety, general 

symptoms of CMDs include distortion of the leaf lamina, mottling, 
unordered growth and malformation of the leaves, formation of 
chlorotic mosaics, and narrowing of the leaves, which all results in 
reduction in photosynthesis [6,7].

CMVs strains recorded in Africa include African cassava mosaic 
virus (ACMV), East African cassava mosaic virus (EACMV), East 
African cassava mosaic Malawi virus (EACMMV), East African 
cassava mosaic Cameroon virus (EACMCV), East African cassava 
mosaic Zanzibar virus (EACMZV), East African cassava mosaic 
Kenya virus (EACMKV), and South African cassava mosaic virus 
(SACMV) [8-10,5]. Rapid, accurate, and sensitive detection of 
CMV is essential for effective control and management of CMD. 
Early identification of CMV infections, prior to the appearance of 
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visible symptoms, allows for timely implementation of protective 
measures, thereby reducing the risk of virus transmission to 
healthy cassava plants [11]. The detection of CMVs is performed 
using different methods, including enzyme-linked immunosorbent 
assay (ELISA) and polymerase chain reaction (PCR) [12,13]. In 
Zimbabwe, the presence of CMVs in cassava plants grown in the 
northern region was identified using novel degenerate primers 
capable of amplifying ACMV, EACMV, and SACMV [14]. 
With the emergence of new CMV strains, ELISA has become 
less effective for detecting these diverse variants. Although PCR 
is still widely used in viral detection, in some circumstances, it 
is incompatible in detecting new strains of the virus due to viral 
mutation or absence of sequences for primer design [15].

Oxford Nanopore MinION sequencing has gained much attention 
in identifying plant viruses because of its capability to generate 
whole genome sequences which enables the identification of 
known and novel viral strains [16,11]. With the increase in 
cassava production in Zimbabwe, there is a need to investigate 
the prevalence and presence of CMV strains, hence, the objective 
of the project was to detect strain/s of CMV affecting cassava 
plants in Chiredzi, southeast of Zimbabwe, using the latest 
MinION nanopore sequencing technology.In this study, Oxford 
Nanopore sequencing was employed to screen cassava plants 
for the presence of CMVs. Multiple strains were identified in 
samples from Zimbabwe, including ACMV, EACMV, EACMV-
UG, EACMV-K, and SACMV, demonstrating the capability of 
oxford nanopore to be used as a rapid diagnostic tool for early 
virus detection in plants. These findings provide important insights 
into the diversity and distribution of CMVs in Zimbabwe and 
contribute to the development of effective disease management 
strategies.

2. Methodology
2.1. Sample Preparation and DNA Extraction
Leaf samples exhibiting cassava mosaic disease symptoms were 
collected from a field in Chiredzi, Zimbabwe. Samples were flash-
frozen in liquid nitrogen and stored at −80 °C until DNA extraction. 
Total genomic DNA (gDNA) was extracted following the cetyl 
trimethylammonium bromide (CTAB) protocol described by 
Doyle and Doyle (1990). Briefly, 300 mg of leaf tissue was rinsed 
with distilled water, blotted dry with a sterile paper towel, and 
surface-sterilized with 70% ethanol. The tissue was then ground 
to a fine powder in liquid nitrogen using a sterile mortar and pestle 
and transferred to 1.5 mL microcentrifuge tubes containing 400 μL 
of preheated (65 °C) CTAB extraction buffer [2% (w/v) CTAB, 
1% (w/v) polyvinylpyrrolidone (PVP), 100 mM Tris-HCl (pH 8.0), 
1.4 M NaCl, 20 mM EDTA, and 5% (v/v) β-mercaptoethanol]. 

Samples were mixed by gentle inversion and incubated at 65 °C 
for 20 minutes, with mixing every 5 minutes.

Following incubation, 400 μL of chloroform:isoamyl alcohol 
(24:1, v/v) was added, and tubes were shaken horizontally on 
a rotary shaker (200 rpm) at room temperature for 15 minutes. 
The mixtures were centrifuged at 10,000 rpm for 5 minutes, 
and the aqueous phase was transferred to fresh tubes. DNA was 
precipitated by adding 400 μL of isopropanol, mixing thoroughly, 
and incubating at −20 °C for 1 h, followed by centrifugation at 
10,000 rpm for 5 minutes. The supernatant was discarded, and 
the DNA pellet was washed with 400 μL of cold 100% ethanol, 
centrifuged for 5 minutes at 10,000 rpm, and air-dried. DNA was 
resuspended in 100 μL of nuclease-free deionized water and further 
purified using a Genomic DNA Clean & Concentrator kit (D4010, 
Zymo Research). DNA concentration and purity were determined 
using a NanoDrop spectrophotometer, and DNA integrity was 
confirmed by electrophoresis on a 1% agarose gel stained with 
ethidium bromide and visualized using an E-Gel Imager (Life 
Technologies, Israel).

2.2. Whole Genome Sequencing and Bioinformatics Analysis
DNA sequencing libraries were prepared using the Rapid Barcoding 
Kit (SQK-RBK004) with R9.4.1 flow cells (Oxford Nanopore 
Technologies), following the manufacturer’s instructions. 
Libraries were loaded onto a MinION device connected to a MinIT 
for real-time basecalling. Raw fastq sequences, generated via the 
ONT Albacore pipeline, were demultiplexed using Porechop 
(https://github.com/rrwick/Porechop) and was deposited in SRA 
NCBI database under accession PRJNA1308336 under biosample 
accessions SAMN50694092-3. Sequences were filtered using 
NanoFilt 2.8.0 and BLASTn searches against a custom CMV 
database were performed to identify CMV reads, which were 
assembled de novo in Geneious Prime v11.0.5 to produce viral 
contigs which were deposited in SRA NCBI database under 
accession SAMN50736739. The novelty of CMV contigs was 
assessed using BLASTn searches against the NCBI database. 
Phylogenetic relationships of CMV sequences were inferred using 
the Maximum Likelihood method in MEGA-X, incorporating 
published CMV reference genomes.

3. Results
Genomic DNA was successfully extracted, and DNA yield and 
purity were evaluated with a NanoDrop spectrophotometer. Whole-
genome sequencing was performed on the Oxford Nanopore 
MinION platform. Basecalled reads were demultiplexed using 
Porechop, yielding a total of 109574 raw reads across all samples 
(Figure 1).
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Figure 1: Cumulative Density Curves Showing Sequenced Reads and their Lengths

For sample 96/0037, sequencing generated a mean read length of 5604 bp, with the longest read

spanning 113,791 bp. For sample XM6, a comparable mean read length of 3718 bp was observed,

with the maximum read length also reaching 39,327 bp. Sequences were deposited in SRA NCBI

database under accession PRJNA1308336.

Figure 1: Cumulative Density Curves Showing Sequenced Reads and their Lengths

For sample 96/0037, sequencing generated a mean read length 
of 5604 bp, with the longest read spanning 113,791 bp. For 
sample XM6, a comparable mean read length of 3718 bp was 
observed, with the maximum read length also reaching 39,327 bp. 
Sequences were deposited in SRA NCBI database under accession 
PRJNA1308336.

3.1. Nanopore Sequencing and Bioinformatics Analysis
BLAST analysis was performed against a custom CMV database 
under default parameters and the number of CMV-assigned reads 
is presented in Table 1.

Sample name CMD severity score Total reads Max. seq length CMV-A BLAST hits Number of contigs formed
96/0037 2 81720 113791 911 47
XM6 5 27845 39327 4571 215

Table 1: Nanopore Sequencing Results and Custom BLAST Analysis Obtained after Whole Genome Sequencing of Cassava 
Plants Affected with CMV

De novo assembly, defined as the reconstruction of genomes in 
the absence of a reference sequence, was subsequently performed 
on reads with high similarity to CMV, as identified by the custom 
BLAST search. BLAST analysis of the resulting contigs showed 
strong sequence homology with previously published CMVs 
documented in other studies (Table 2). Cassava variety 96_0037 

was found to be infected with three strains: SACMV, EACMV-Ke, 
and EACMV-Malawi. Variety XM6 was infected with SACMV, 
EACMV, and EACMV variants from Kenya, Malawi, and 
Uganda. Furthermore, phylogenetic analysis confirmed the close 
relationship between known CMV sequences and novel contigs 
(Figure 2).



J Agri Horti Res, 2026 Volume 7 | Issue 1 | 4

Source of novel contigs Description Query Coverage Pairwise Identity Accession
XM6 South African cassava 

mosaic virus
75.00-100.00% 78.00-85.60% OP971522.1, KJ887649, AJ575560

East African cassava 
mosaic virus-Kenya

76- 93.00% 79.20-85.36% JF909222.1, JF909092.1, JF909174, 
JF909096, JF909188, JF909069, 
JF909069, JF909157, JF909163

East African cassava 
mosaic virus-Malawi 

100.00% 76.60-84.00% KP890350.1, KT869119, KY885005, 
KY885004, KT869121, NC_022645, 
MT821892.1

East African cassava 
mosaic virus

68.89-72.75% 77.70-81.5% AJ717558, AJ717554, MZ494486

East African cassava 
mosaic virus-Uganda

93.32-100.00% 80.30-82.5% FN668380, AM502332

96_0037 East African cassava 
mosaic Malawi virus

99.81-100.00% 81.70-86.10% MT821892

South African cassava 
mosaic virus

96.04-100% 83.00-85.90% OP971522

East African cassava 
mosaic virus-Kenya 

100.00% 78.10- 82.60% JF909069, JF909177

Table 2: BLAST Analysis of Novel Contigs Obtained from De Novo Assembly of Cmv Reads Obtained through Nanopore 
Sequencing

East African cassava mosaic

virus-Uganda

93.32-

100.00%
80.30-82.5% FN668380, AM502332

96_0037

East African cassava mosaic

Malawi virus

99.81-

100.00%
81.70-86.10% MT821892

South African cassava mosaic

virus
96.04-100% 83.00-85.90% OP971522

East African cassava mosaic

virus-Kenya
100.00% 78.10- 82.60% JF909069, JF909177

Table 2: BLAST Analysis of Novel Contigs Obtained from De Novo Assembly of Cmv Reads

Obtained through Nanopore Sequencing

Figure 2: A Maximum Likelihood Phylogenetic Tree Showing the Evolutionary Relationships Between Novel Contigs and Known 
CMV Sequences
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4. Discussion
Cassava is a critical food security crop in sub-Saharan Africa, 
providing a staple source of carbohydrates for millions of people. 
However, cassava production is severely threatened by cassava 
mosaic viruses which are responsible for cassava mosaic disease 
(CMD) [6]. CMD is one of the most devastating viral diseases of 
cassava, causing significant yield losses and threatening both food 
and income security [17]. The accurate and timely identification 
of CMV strains is therefore essential for implementing effective 
disease management strategies [18]. Historically, the detection of 
CMV has relied on methods such as polymerase chain reaction 
(PCR) and enzyme-linked immunosorbent assay (ELISA), which 
have been widely applied in cassava research [19,20]. However, 
these techniques are often limited by their dependency on prior 
knowledge of viral sequences, relatively long turnaround times, 
and the inability to detect novel or recombinant strains [21]. In 
many farming communities, diagnosis is still largely based on 
visual assessment of symptoms on cassava leaves, which can be 
misleading due to symptom similarity among different viral strains 
and environmental stressors [6].

In Zimbabwe, the information available on CMV strains is 
particularly outdated, with the most recent study dating back to 
2004, which reported the occurrence of South African cassava 
mosaic virus (SACMV) in the country [6,22]. Since then, farmers 
have continued to report CMD outbreaks, with some CMV strains 
exhibiting higher virulence and adaptability, showing the urgent 
need for updated molecular surveillance of CMVs circulating in 
the country. The identification of CMV strains currently affecting 
cassava in Zimbabwe is crucial for designing targeted management 
strategies to reduce yield losses and curb viral spread.

This study applied nanopore sequencing, one of the latest next-
generation sequencing platforms, to characterize cassava viruses 
in Zimbabwe. Nanopore sequencing offers distinct advantages 
over traditional detection and sequencing methods, including 
rapid, real-time data generation, portability, relatively low cost, 
and the ability to generate long reads that improve genome 
assembly [11]. Importantly, nanopore sequencing can be deployed 
directly in the field, enabling virus detection and preliminary 
analysis within hours, compared to days or weeks required for 
conventional methods [16]. For a country like Zimbabwe, where 
cassava cultivation is expanding and resources for plant health 
monitoring are often limited, the ability to identify viral pathogens 
within hours represents a transformative step toward proactive 
disease management. Our bioinformatic analyses, including 
BLAST searches and phylogenetic tree construction, revealed that 
cassava variety 96_0037 was infected with three strains: SACMV, 
EACMV-Ke, and EACMV-Malawi, and variety XM6 was infected 
with SACMV, EACMV, and EACMV variants from Kenya, 
Malawi, and Uganda. Such mixed infections have been associated 
with more severe disease symptoms and increased potential for 
recombination, thereby accelerating the emergence of novel, more 
virulent variants [24].

Interestingly, several viral contigs from different plants were found 
to be highly similar to known CMV strains, suggesting that novel 
variants may be emerging due to point mutations or recombination 
events, a phenomenon previously documented in plant viruses 
[25-27]. Even though nanopore sequencing technology is known 
to have high error rates, the detection of such potential new strains 
often highlights the evolutionary dynamics of CMV populations 
in Zimbabwe and reinforces the need for continuous genomic 
surveillance. This study is particularly important for Zimbabwe 
as it provides the first updated molecular data on CMV strains in 
nearly two decades. The findings will inform cassava breeding 
programs by identifying the most prevalent and virulent strains 
to target in the development of resistant varieties. Furthermore, 
real-time diagnostic capacity using nanopore sequencing can 
enable agricultural extension services to make rapid, evidence-
based decisions, reducing the spread of infection and safeguarding 
farmers’ livelihoods. Importantly, the viral contigs published in 
this study on NCBI database can serve as a valuable reference 
resource for future research aimed at monitoring, comparing, 
and identifying emerging CMV strains in Zimbabwe and other 
regions of Southern Africa. This data can be used to track viral 
evolution, improve regional surveillance systems, and guide 
integrated disease management strategies [28]. In the long term, 
the application of such sequencing-based surveillance systems can 
strengthen Zimbabwe’s preparedness against viral threats not only 
in cassava but also in other staple crops.

5. Conclusion
Nanopore sequencing offers a rapid, reliable, and field-deployable 
tool for cassava virus detection in Zimbabwe. Several strains of 
cassava mosaic virus were detected, including ACMV, EACMV, 
EACMV-UG, EACMV-K, and SACMV. By generating updated  
genomic data, this study provides essential insights that will benefit 
cassava farmers, breeders, and policymakers in Zimbabwe and the 
broader Southern African region. The potential of new strains of 
CMV in Zimbabwe highlights the need to further investigate the 
presence of new strains in Zimbabwe.
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