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Abstract 

Two begomovirus-associated alphasatellites were isolated from okra and a Malvastrum plant 

(Malvaceae) in Cameroon. The complete nucleotide sequences of the okra- and Malvastrum-

infecting alphasatellites were 1375 and 1416-1418 nucleotides, respectively, and both exhibited 

features characteristic of other alphasatellites. Based on pairwise sequence comparisons, these 

previously undescribed alphasatellites are distinct species herein tentatively named pepper yellow 

vein Mali alphasatellite and cotton leaf curl Gezira alphasatellite3, belonging to the genera 

Colecusatellite and Gosmusatellite, respectively. Taken together with previous studies, 

alphasatellites endemic to Cameroon appear to be more diverse and widespread, and to infect 

plants of far more species and families than currently recognized.  
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Begomoviruses (genus Begomovirus; family Geminiviridae) are the most widespread viruses with 

a genome of single-stranded (ss) DNA that infect plants. They cause crop losses in the tropics and 

subtropics where their whitefly vectors, members of the Bemisia tabaci (Genn.) sibling species 

complex (possibly, cryptic species) are endemic [2, 17]. Begomoviruses have either a mono- or 

bi-partite genome of ~2.8 and ~5.2 kb in size, respectively [3]. Monopartite begomoviruses in Asia 

and Africa are often associated with non-viral satellite ssDNA molecules, referred to as beta- and 

alphasatellites, which are approximately of half-unit size with respect to the helper virus genome, 

at ~1.4 kb.  

Alphasatellites encode one protein that shares high amino acid sequence similarity with the 

begomoviral replication-associated protein (Rep). The protein is similar to the rolling-circle 
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replication initiator of viruses in the family Nanoviridae [4, 11] by which they are capable of 

replicating autonomously. In addition to Rep, alphasatellites have an A-rich region ~200 

nucleotides long, downstream of the region encoding Rep and a conserved nonanucleotide 

sequence, TAGTATTAC. The helper begomovirus is required for systemic infection of the host 

plant and for whitefly-mediated transmission. The role of alphasatellites in begomovirus infection 

is variable and not well understood. However, some alphasatellites are known to influence 

begomovirus accumulation and also may modulate symptom phenotype in the plant host [7, 12].  

Taxonomically, alphasatellites have been assigned to the family Alphasatellitidae, 

containing the two subfamilies Geminialphasatellitinae and Nanoalphasatellitinae. The latter 

subfamily contains the nanovirus-associated alphasatellites, whereas the Geminialphasatellitinae 

contains geminivirus-associated alphasatellites belonging to the genera Ageyesisatellite, 

Clecrusatellite, Colecusatellite or Gosmusatellite [1]. In Cameroon, six monopartite 

begomoviruses have been previously reported from different plant species (ageratum, okra and 

tomato), exhibiting begomovirus-like disease symptoms and all were associated with one or more 

alphasatellites such as cotton leaf curl Gezira alphasatellite (CLCuGA), tomato leaf curl Buea 

alphasatellite (ToLCuBuA), tomato leaf curl Cameroon alphasatellite (ToLCuCMA), all 

belonging to the genus Colecusatellite and okra yellow crinkle Cameroon alphasatellite 

(OkYCCA), now suggested to be named cotton leaf curl Gezira alhasatellite2 (CLCuGeA2), 

belonging to the genus Gosmusatellite [9, 10, 11]. Here, two previously undescribed alphasatellite 

species were identified in two malvaceous hosts, together with at least two monopartite 

begomovirus, respectively, in southwestern Cameroon.  

Leaf samples of plants of Malvastrum sp. (n = 3) from Mundemba in southwestern 

Cameroon (4o58′24.39″N, 8o54′28.72″E) and okra (Abelmoschus esculentus (L.) Moench) (n = 3), 
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from Barombi Nkang, southwestern Cameroon, (4o35′33.97″N, 9o27′52.26″E), collected from 

symptomatic plants (foliar crinkling, leaf curling, yellow mosaic) (Fig. 1) between 2007 and 2008, 

were applied to FTA Classic Cards [16] or pressed and dried between notebook pages and the total 

DNA was later extracted as previously described [15]. For initial begomovirus identification and 

identification of restriction sites for cloning, the core coat protein gene (cp) region was amplified 

as previously described [20]. Out of the three samples respectively collected from each plant 

species, only one tested positive. Subsequently, full-length genomes of the begomoviruses from 

okra and Malvastrum were obtained by rolling circle amplification (RCA) [8] and restriction 

digestion with the enzymes NdeI and HindIII, respectively. The digestion products were ligated 

into the corresponding sites of the pGEM-5zf (+) and pGEM-3zf (+) plasmid vectors, respectively 

(Promega).  

The alphasatellites were obtained by digest of RCA products with BamHI or PCR 

amplification with the alphasatellite primers DNA101/DNA102 [5]. Amplicons were cloned using 

either BamHI-digested pBluescript II-KS+ (Invitrogen) or pGEM-T Easy (Promega) plasmid 

vector, according to the manufacturer’s instructions. The ligated begomovirus and alphasatellite 

amplicons were transformed into competent cells of Escherichia coli DH5α (Invitrogen) and 

clones with the expected insert sizes were subjected to bi-directional capillary Sanger sequencing 

(Macrogen, South Korea) and (BecHA Hub, Kenya). Pairwise nucleotide sequence identities were 

calculated using the Sequence Demarcation Tool (SDT), version 1.2 [14]. All attempts made to 

amplify betasatellites using universal betasatellite primers as well as specific betasatellite primers 

based on sequences of betasatellites already identified in Africa were negative.   
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Analyses of full-length amplification products showed that the okra sample OBKG was infected 

by an isolate of Cotton leaf curl Gezira virus (CLCuGeV, MN372225) and an alphasatellite 

(FM164739) which is 1375 nt in size and had the features characteristic of other alphasatellites. 

Sequence comparisons using SDT showed that the alphasatellite shared highest nt identity with 

two isolates of cotton leaf curl Gezira alphasatellite 2 (CLCuGA2, MK032294) from Burkina 

Faso and (CLCuGA2, FN675287) from Cameroon at 80.5%, Mesta yellow vein mosaic 

alphasatellite (MeYVMA, JX183090) from India at 77.5%, hollyhock yellow vein alphasatellite 

(HoYVA, FR772086) from Pakistan at 74.0% and an isolate of  CLCuGA2 (FN554583), at 

79.9%, previously reported from okra in Burkina Faso [19]. The Rep of the alphasatellite of 302 

AA was 13 AA residues longer than that of its closest relatives. Based on the International 

Committee on the Taxonomy of Viruses (ICTV)-established species cut-off for alphasatellite 

species, of <88% [1], the alphasatellite from okra represents a new species for which the name 

cotton leaf curl Gezira alphasatellite 3 (CLCuGeA3) is proposed. Previously, two other 

alphasatellites have been identified together with CLCuGeV and for those we suggest that the 

name be changed to CLCuGeA1 (presently CLCuGeA) and CLCuGeA2 (presently OkYCCA). 

In this way, all alphasatellites found associated with CLCuGeV are named after their helper 

virus. Interestingly, the CLCuGeA satellites belong to both the genus Colecusatellite 

(CLCuGeA1/CLCuGeA) and the genus Gosmusatellite (CLCuGeA2/OkYCCA and 

CLCuGeA3).  

 Similar analyses of the sample Mun11 from Malvastrum revealed the presence of Pepper 

yellow vein Mali virus (PepYVMLV, MN372224) and an alphasatellite (FN675303, FN675297 

and FN675298). The cloned alphasatellite sequences (MUN11a, MUN11b and MUN11c) from the 

Malvastrum plant ranged in size from 1416-1418 nt, which is longer than the regular size of 1.3 
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kb for most identified alphasatellites, but similar to a long sequence of CLCuGeA reported to infect 

tomato in Sudan [6].  Its Rep is 317 aa, similar to that of its closest relative CLCuGeA1 and had 

features characteristic of other known alphasatellites. They shared their highest nt identity, at 72%, 

with two CLCuGeA1 isolates (FN675289 and HE858192) from okra in Cameroon [9], while also 

sharing <88% identity with all other known alphasatellites, indicating that the sequences from the 

Malvastrum sp. plant represent a new species tentatively termed pepper yellow vein Mali 

alphasatellite. The identification of PepYVMLV from Malvastrum sp. in Cameroon (this study) 

and from Sida acuta in Burkina Faso (MH778662) increases its known host range to include plants 

of the family Malvaceae. 

 The determined alphasatellite sequences and selected alphasatellite reference sequences 

were aligned using MUSCLE [5], followed by phylogenetic analysis using Maximum Likelihood 

(ML) (1000 bootstrap iterations), implemented in MEGA6.0 [18]. The ML tree placed each of the 

alphasatellites into two well-supported clades (100% bootstrap values) corresponding to the genera 

Colecusatellite and Gosmusatellite (Fig. 2). The colecusatellite clade contained alphasatellites 

previously identified in Asia, Burkina Faso, Cameroon, Egypt, Kenya and Mali as well as the 

alphasatellite from Malvastrum (labeled A in Fig. 2) and other alphasatellites previously identified 

from Cameroon in okra (B), tomato (C) and ageratum (D) [11, 12], while the gosmusatellite clade 

contained alphasatellites from Burkina Faso, Cameroon and Pakistan as well as the newly 

identified CLCuGeA3 from okra in Cameroon (labeled E in Fig. 2) and CLCuGeA2/OkYCCA (F) 

also isolated from okra in Cameroon [12]. Recombination Detection Program (RDP4) [13] analysis 

of the alphasatellite sequences subjected to phylogenetic analysis did not provide significant 

support for recombination for either of the newly discovered alphasatellite species, based on a 

significant  p-value of <10-3 for a minimum of three RDP methods. 
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 While alphasatellites of the genus Colecusatellite are known to have a wider host range 

thus far, those of the genus Gosmusatellite have been found mostly in malvaceous hosts (cotton, 

okra, hollyhock etc), and in West Africa, only in okra plants. In Cameroon, alphasatellites have 

been identified in hosts representing three different plant families (Fig. 1): Asteraceae (Ageratum 

conyzoides), Solanaceae (tomato), and Malvaceae (Malvastrum sp., okra). This observation 

suggests that alphasatellites may be more widespread and infect a greater number of host species 

representing even more diverse plant families than previously recognized. 
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Figures 

 

Figure 1 Cultivated and wild plant hosts showing begomoviral disease symptoms. A, Okra plant 

with foliar crinkling symptoms and B,  Malvastrum sp. exhibiting yellow mosaic symptoms. 

 

   
 

 

 

Figure 2 Maximum Likelihood analysis using MEGA 6.0 showing the predicted relationships 

between alphasatellite isolates based on the MUSCLE alignment of complete nucleotide 

sequences. The alphasatellite isolates from Cameroon are indicated in bold, and those identified in 

this study are indicated by a square box. The values placed at the major nodes show bootstrap 

values (1000 iterations) where they exceeded 70 percent. The alphasatellites names are according 

to Briddon et al. [1], and the respective GenBank Accession number for each is indicated. 
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