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Abstract
In this report, we present the first description of nine complete genome sequences of a new strain of chayote yellow mosaic 
virus (ChaYMV, genus Begomovirus, family Geminiviridae), provisionally named Côte d’Ivoire (ChaYMV-CI), isolated 
from bitter melon (Momordica charantia) leaf samples showing yellow mosaic symptoms collected in the region of Abidjan 
in Côte d’Ivoire in 2013 and 2019. The nucleotide sequences of ChaYMV-CI DNA-A-like genome share the highest nucleo-
tide sequence identities (91.8–92.5%) with those of ChaYMV isolates from Benin and Cameroon. Phylogenetic analysis 
confirmed the segregation of ChaYMV isolates into two distinct clades and their affiliation to Old World monopartite bego-
moviruses. The discovery of a new strain of ChaYMV in West Africa, at the limit of the taxonomic demarcation threshold 
for begomoviruses (91%), call for further investigations into the molecular diversity, geographical distribution and host 
range of ChaYMV in Western Africa.
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Begomoviruses (genus Begomovirus, family Geminiviridae) 
are a group of plant viruses responsible for serious diseases 
on a wide range of cultivated plants (Navas-Castillo et al 
2011). Chayote yellow mosaic virus (ChaYMV, genus Bego-
movirus, family Geminiviridae) was described for the first 
time on a chayote (Sechium edule) diseased plant in Nigeria. 
ChaYMV is a begomovirus with a monopartite genome and 
a unique DNA-A-like component (AJ223191). Leke et al. 
(2020) described ChaYMV on bitter melon plant samples 
from Benin, Nigeria and Togo exhibiting leaf yellow mosaic 

symptoms in 2014. Bitter melon or “margose” (Momordica 
charantia; Cucurbitaceae) is widely used in Africa as a 
traditional medicine for the treatment of various diseases 
(Johnson et al. 2016).

Leaf samples from three bitter melon plants show-
ing leaf yellow mosaic symptoms were collected in open 
fields in 2013 (Isolate CI111) at Port-Bouet (5.260387° N; 
3.934848° W) and in 2019 (Isolates CI404 and CI405) at 
Abobo (5.40475° N, -4.03016° W) in the region of Abidjan 
in the south of Côte d’Ivoire (CI). These samples were dehy-
drated for long-term conservation. The presence of bego-
moviruses in these samples was later investigated by PCR 
using a set of degenerate primers designed to amplify the 
coat protein gene of Old World begomoviruses’ DNA-A-like 
component (Clust4CP-F342/Clust4CP-R1032, Séka et al. 
2016). PCR products of the expected size (≈690 bp) were 
obtained from the three analyzed samples and sequenced by 
direct sequencing in both directions. When analyzed using 
BLASTn, all three sequences shared the highest nucleotide 
sequence identities (93.7 to 94.4%) with ChaYMV iso-
lates from Nigeria (AJ223191, KT454826-7), Cameroon 
(KT454821- KT454824), Benin (KT454819) and Togo 
(KT454820), suggesting the presence of ChaYMV in Côte 
d’Ivoire (Brown et al. 2015). No PCR product was obtained 
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when using degenerate primers designed to amplify bego-
movirus DNA-B sequences (PBL1V2040-PCRC1; Rojas 
et al., 1993) or DNA betasatellite sequences (Beta1/Beta2; 
Briddon et al. 2002).

To confirm the molecular identification of this begomo-
virus, the full-length viral genome sequences were ampli-
fied by rolling-circle amplification (RCA) using Phi29 
DNA polymerase and sequenced. Amplification products 
were digested with BamHI and PstI endonucleases. Unique 
digestion products (~ 2,8 kb) corresponding to the putative 
monomeric full-length viral DNA genome were obtained, 
cloned into the pJET1.2 vector and sequenced. Nine com-
plete DNA-A-like sequences of 2,782 to 2,786 nucleotides 
in length were obtained from samples CI111 (Acc. numbers 
OL744264-OL74427), CI404 (OL744268-OL744269) and 
CI405 (OL744270-OL744272). The DNA-A-like compo-
nents presented features typical of Old World monopartite 
begomoviruses, with six open reading frames (ORFs) cor-
responding to V1 and V2 on the viral strand and C1, C2, C3  
and C4 on the complementary strand (Rojas et al. 2005). 
Intergenic region (IR) sequences were 315 nucleotides long 
and contained (i) a characteristic inverted repeat poten-
tially capable of forming a stem–loop structure including 
the conserved nonanucleotide sequence TAA TAT TAC that 
is present in almost all geminivirus virion-strand replica-
tion origins, (ii) the TATA box sequences involved in the 
transcription of complementary and viron-sense genes, and 
(iii) the putative Rep protein high-affinity core binding site  

GGGT (Arguello-Astorga and Ruiz-Medrano 2001). The 
corresponding iteron-related domain (IRD; Rep N-terminal 
domain interaction with ori-associated iteron) was identified as 
MSPPKRFLIN (Arguello-Astorga and Ruiz-Medrano 2001).

Pairwise identity comparison of all nucleotide sequences 
was performed using SDT v1.2 with pairwise deletion of 
gaps (Muhire et al. 2014). The nine DNA-A-like sequences 
of ChaYMV shared 94 to 100% nucleotide identity to each 
other. They shared the highest nucleotide sequence iden-
tities (91.8 to 92.5%) with the Beninese (KT454819) and 
Cameroonian (KT454821 and KT454822) isolates of the 
monopartite begomovirus ChaYMV. In accordance with 
the proposed begomovirus strain demarcation criteria (94% 
nucleotide identity in DNA-A and DNA-A-like nucleo-
tide sequences; Brown et al. 2015), these Ivorian isolates 
should be assigned to a new strain of ChaYMV tentatively 
named ChaYMV-CI. Alignment of the nine newly described 
sequences along with the nine complete DNA-A-like 
sequences of ChaYMV available from GenBank and selected 
Old World monopartite begomoviruses originating from 
Africa were performed using the MUSCLE alignment tool 
available in MEGA6 (Tamura et al. 2013; Table 1). The 18 
complete nucleotide sequences of ChaYMV share between 
90.4% and 100% pairwise nucleotide identity (Fig. 1). While 
the complete nucleotide sequences of ChaYMV isolates 
CI404 and CI405 collected in 2019 are genetically similar 
(between 99.2% and 99.9% identity), those of isolate CI111 
collected in 2013 were more diverse (between 95.3% and 
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Fig. 1  Maximum-likelihood phylogenetic tree and color-coded matrix 
of pairwise nucleotide identity inferred from alignments of complete 
DNA-A-like sequences of chayote yellow mosaic virus and selected 
Old World monopartite begomoviruses originating from Africa. Only 
bootstrap values above 70% are shown (1 000 replicates). The matrix 

uses a discontinuous range of three shades of color (red, green, and 
blue) differentiating two cut-off values representing the strain (94%, 
green–red) and the species (91%, blue-green) demarcation thresholds 
of begomoviruses. For begomovirus acronyms, see Table 1
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100% identity) and divergent (between 94.0% and 94.9% 
identity). A maximum likelihood (ML) phylogenetic tree 
was constructed using MEGA6 (Tamura et al. 2013). The 
ML tree confirms the segregation of ChaYMV isolates into 
two distinct clades (bootstrap value 100%, Fig. 1).

In conclusion, for the first time we report complete 
genome sequences of ChaYMV isolates infecting bitter 
melon in Côte d’Ivoire. These isolates represent a new 
strain, at the limit of the taxonomic demarcation threshold 
for begomoviruses (91%) and tentatively named ChaYMV-
CI, and form a distinct phylogenetic clade among ChaYMV 
isolates. Our results call for further investigations into the 
molecular diversity, geographical distribution and host range 
of ChaYMV in Western Africa.

GenBank accession numbers OL744264—OL744272.
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