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Abstract  

A virus-discovery investigation using high-throughput sequencing in sugarcane samples from 

Ethiopia revealed the presence of sugarcane mild mosaic virus (SCMMV, genus Ampelovirus) 

and sugarcane umbra-like virus (SULV, genus Umbravirus). The genome sequences of two 

isolates of SCMMV and one SULV were determined. The sequences of the two SCMMV 

isolates were 13005 nucleotides in length and showed ~73.5% nucleotide identity along the 

genome and ~90.2, 96.8, and 90.4% amino acid sequence identity among each other in the 

RdRp, CP, and HSP70h, respectively. Isolate SCMMV ET2 showed a close relationship to 
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group A isolates from Colombia, the USA, and the Philippines, with amino acid sequence 

identity of the predicted virus proteins in the range of 94–98.9%.  Conversely, SCMMV ET1 

shared a closer relationship with group B isolates from Colombia, Ivory Coast, and Argentina, 

exhibiting a 93–99% amino acid sequence identity. The complete genome sequence of SULV, 

comprising 3041 nucleotide, exhibited the highest identity with its counterpart from South 

Africa (MN868593). These findings contribute to expanding our understanding of the viral 

diversity within the sugarcane crop in Ethiopia. 
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1 Introduction  

Sugarcane (Saccharum officinarum L.) is one of the most important crops globally, primarily 

cultivated for its high sugar content and used as a valuable source of sugar and bioenergy in 

the form of ethanol (Formann et al., 2020; Meena et al., 2022). Despite its importance, 

sugarcane cultivation is constantly threatened by various viral diseases, leading to substantial 

yield losses and economic damage. Viral diseases in sugarcane are caused by a diverse group 

of viruses with either DNA or RNA genomes (Addy et al., 2017; Wang et al., 2020; Asinari et 

al., 2021). One of the most economically significant viruses is the sugarcane mosaic virus 

(SCMV), which belongs to the Potyviridae family. SCMV causes mosaic symptoms on 

leaves, affecting plant growth and resulting in reduced stalk size and yield losses (Zhang et 

al., 2015; Lu et al., 2021). Another common virus is the sugarcane yellow leaf virus 

(SCYLV), a member of the Solemoviridae family. SCYLV induces yellowing of leaves, 

stunting, and reduced sucrose content in sugarcane plants (Singh et al., 2011; Madugula et al., 

2017; Nithya et al., 2023).  

Other notable sugarcane viruses include the sugarcane bacilliform virus (SCBV) from the 

Caulimoviridae family, which causes a range of symptoms including stunting, leaf curling, 

and reduced yield. Additional viruses such as sugarcane mild mosaic virus (SCMMV), 

sugarcane streak mosaic virus (SCSMV), sugarcane fiji disease virus (FDV), sugarcane 

chlorotic streak virus (SCSV), maize yellow mosaic virus (MaYMV), maize striate mosaic 

virus (MSMV), sugarcane white streak virus (SWSV), sugarcane striate virus (SStrV), and an 

sugarcane umbra-like virus (SULV) have also been reported in different countries (Zhang et 

al., 2018; Sun et al., 2019; Batista et al., 2021; Lin  et al., 2021;Lu et al., 2021;  Mollov et al., 
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2021; Nithya et al., 2021). These viruses are primarily transmitted through vegetative 

propagation, aphids, mealybugs, and other insect vectors (Sastry, 2013; Shabbir et al., 2022; 

Abide et al., 2023). Once infected, sugarcane plants may exhibit a range of symptoms, 

including mosaic patterns on leaves, stunting, yellowing, necrosis, and reduced stalk growth. 

The severity of symptoms varies based on the virus species/strain(s), sugarcane variety, 

environmental conditions, and the stage of plant growth. 

 The impact of sugarcane viruses on crop production is significant, with yield losses ranging 

from 10% to 80% (Holkar et al., 2020; Lu et al., 2021). In addition to reduced yield, infected 

plants often have poor stalk quality, and reducing their overall vigor, making them more 

susceptible to other pathogens (Putra et al., 2014; Viswanathan et al., 2014; Boukari et al., 

2019). Diagnostic tools, such as ELISA, PCR/RT-PCR, and high-throughput sequencing 

(HTS), are essential for the screening of plant material and the early detection and 

identification of viral infections. Efforts are being made to develop resistant varieties, 

improve detection and diagnostic methods, and implement integrated pest management 

strategies in the field to mitigate the impact of these viral diseases (Adams et al., 2018; Kumar 

et al., 2019; Malapi-Wight et al., 2021; Strachan et al., 2022; Wang et al., 2022; Viswanathan, 

2023).  

Previous studies have described the occurrence of SCBV in sugarcane in Ethiopia (Haregu et 

al., 2021; Abide et al., 2023) along with its management by the use of virus-free plants 

generated through tissue culture (Abide et al., 2022). The present study aimed to investigate 

virus infections in sugarcane samples from Ethiopia using high-throughput sequencing. The 
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nearly complete sequences of two SCMMVs and the complete genome of SULV were 

reconstructed and are reported for the first time in Ethiopia.   

2 Materials and methods  

2.1 Samples collection  

Fifteen sugarcane stem cuttings showing symptoms resembling viral diseases were collected 

from the Wonji-Shewa research farm during a field survey. The cuttings were planted in a 

sterilized soil mixture with a 1:1:1 ratio of soil, sand, and farmyard manure in plastic pots and 

maintained at the Addis Ababa Science and Technology University (AASTU) greenhouse. 

After one year of growth in greenhouse conditions, two symptomatic samples were selected, 

and leaf samples were preserved using silica gel and sent to Leibniz-Institute DSMZ 

(Braunschweig, Germany) for Illumina high-throughput sequencing.   

2.2 RNA extractions, HTS, RT-PCR, and genome assembly  

Total RNA was extracted from the two samples using a Spectrum®  Plant Total RNA kit 

(Sigma), according to the manufacturer´s instructions. Two independent libraries were 

prepared using the Illumina DNA Prep Kit, following exactly to the manufacturer´s 

recommendations, and sequenced on a NextSeq2000 instrument as paired-end reads (2X150 

bp). Due to capacity reasons, the individual RNA extracts from sugarcane were mixed at a 

ratio of 1:1 with yam samples from an independent study. The bioinformatic analysis was 

conducted in Geneious Prime version 2023.2.1 software (Biomatters, Auckland, New 

Zealand) using a custom workflow developed at the Plant Virus Department-DSMZ. In brief, 

the raw reads were paired, trimmed, normalized, and mapped against host sequences 
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[chromosome sequences from NCBI BioProject PRJNA744175 and  PRJNA695139; 

chloroplast sequences (NC_006084, NC_035224, NC_024170, NC_039707, NC_039836, 

NC_039851, NC_052854), mitochondrion sequence (NC_031164)]. Un-mapped reads were 

then used for de novo assembly and reconstruction of contigs, which were subsequently 

screened by BLASTn and BLASTp against a custom reference database for virus discovery, 

taxonomic assignment, and genome reconstruction.  

The nearly complete genome sequences of the two SCMMV isolates were determined from 

Illumina reads. As the two SCMMV isolates were present in mixed infection, the assembly 

and genomes reconstruction were conducted using stringent parameters in Geneious Prime 

(number of allowed maximum mismatches per read was set to 0 in the final sequence 

assembly and curation), to avoid the possible generation of in silico hybrids. The complete 

genome sequence of SULV was assembled from both the Illumina reads and Sanger 

sequences obtained from the sequencing of RACE amplification products. For this purpose, 

the RNA was polyadenylated using a poly(A) polymerase (Poly(A) Polymerase, Yeast, 

Thermo Fisher Scientific), and the cDNA was synthesized using a poly(T) primer and a 

WarmStart RTx Reverse Transcriptase (NEB), according to the manufacturer´s instructions. 

Two specific primers at a distance of about 500 nucleotide (nt) from the expected 3’-end 

(Umbra-F1 5’-CACAAGAACCTACAACGGCTT-3’ and Umbra-F2 5’-ACCTGTTCAAGA 

AACTGCGAA C-3’), and two specific primers binding about 300 nt after the expected 5’-

end (Umbra-R1 5’-CCCAACCAACTTCCGCATAGT-3’ and Umbra-R2 5’-TTTGCACT 

TCCGAGTACCCAC-3’) were designed using Geneious Prime software using the "Design 

New Primers" tool based on the assembled sequences. The following PCR reactions were 
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conducted with the Q5 Hot Start High-Fidelity 2X Master Mix (NEB) kit, following the 

manufacturer´s instructions. The generated PCR fragments were directly sequenced by Sanger 

sequencing at Microsynth Seqlab GmbH (Göttingen, Germany). To verify the assignment of 

the identified genomes to the individual samples, specific primers were derived based on the 

newly determined genome sequences (Table S2). The RT-PCR was carried out using the 

SuperScript One-Step RT-PCR kit with Platinum Taq (Invitrogen) according to the 

manufacturer´s instructions. For confirmation, the obtained PCR fragments were also directly 

sequenced by Sanger sequencing. 

2.3 Sequence analysis 

The ClustalW algorithm, integrated into the MEGA11 software, was used to conduct multiple 

sequence alignments of each sequence, along with related viral sequences retrieved from 

GenBank. The aligned sequences were then used to construct a phylogenetic tree using 

MEGA-11 software with the maximum likelihood method and 1000 bootstrap replications, 

employing the Kimura-2 parameter model (Tamura et al., 2021). The nearly complete genome 

and the most conserved sequence regions (heat shock protein 70 (HSP70), RNA dependent 

RNA polymerase (RdRp), and capsid protein (CP)) of the SCMMV ET1 and ET2 isolates, 

along with 17 SCMMV isolates reported from different countries, were used for this analysis. 

Additionally, thirty-two viruses belonging to the family Tombusviridae, consisting of umbra-

like viruses and umbra viruses retrieved from GenBank, were used for the phylogenetic 

analysis of SULV. The aligned genome sequences of the two SCMMVs and a SULV were 

used to detect the possible occurrence of recombination events using Recombination 

Detection Program version 4.101 (RDP) software. Pairwise sequence comparison was 
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performed using SDT version 1.2. SnapGene viewer version 1.5.3 software was used to 

determine the ORFs and predict the molecular weights of the encoded proteins.  

3 Results 

3.1 Virome investigation by HTS 

The bioinformatic analysis allowed the assembly of contigs assigned to SCMMV in sample 1 

(further analyzed in detail below) and SULV in sample 2 (Table S1). The presence of 

identified genomes in the symptomatic samples was ascertained by RT-PCR (Figure S2) 

using specific primers (Table S2) followed by direct sequencing. Contigs yielding hits to 

badnaviruses in the BLAST analysis were also found, but were not further considered in this 

work.  The reconstruction of virus genomes resulted in the nearly complete genome sequence 

of two SCMMV isolates from sample 1 and the complete genome sequence of SULV in 

sample 2. The assembled sequences of SCMMV and SULV were 13005 nt and 3041 nt, 

respectively, and have been deposited in GenBank (OR906130, OR906131, and OR906133).  

3.2 Virus genome organization  

The finalized complete genomes of SCMMV consist of seven open reading frames (ORF1a, 

ORF1a/b, ORF2, ORF3, ORF4, ORF5, and ORF6). ORF1a encodes for a polyprotein that is 

1986 amino acid (aa) long and has a molecular weight of 224.5 kDa. It has two conserved 

domains, namely, viral methyltransferase (pfam01660) and viral helicase (pfam01143), at 

492–799 and 1687–1953 aa, respectively. ORF1a/b encodes a protein of 2510 aa with a 

predicted molecular weight of 284 kDa, assigned to the RdRp superfamily. ORF2 encodes a 

54 aa protein with a molecular weight of 5.8 kDa. ORF3 codes for a protein of 533 aa with a 
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molecular weight of 58.6 kDa, assigned to HSP70. ORF4 codes for a protein of 547 aa with a 

molecular weight of 62.8 kDa, assigned to heat shock protein 90 (HSP90). ORF 5 encodes the 

CP and consists of 287 aa for SCMMV ET1 and 282 aa for SCMMV ET2. The molecular 

weights of these proteins are estimated to be 30.3 kDa and 29.8 kDa, respectively. The 3´ 

terminal ORF6 encodes a protein of 218 aa with a molecular weight of 23.8kDa that has 

similarity with p24 protein.  

The SULV genome ends were determined by 5′ and 3′ RACE amplification, resulting in a 

3041-nt full-length sequence with four open reading frames (ORF1-4). ORF1 encodes a 

protein of 200 aa with a molecular weight of 22.3 kDa. The slippery heptameric sequence 

(GGGTTTT) was identified at position 589 – 595 at the end of ORF1, where the -1 ribosomal 

frameshift is predicted. ORF1-ORF2 encodes a protein of 727 aa with a molecular weight of 

82.7 kDa and the conserved catalytic core domain of RdRp. ORF3 encodes a protein of 117 

with a molecular weight of 13 kDa. The final ORF (ORF4) encodes a protein of 206 aa with a 

molecular weight of 23.1 kDa.  

3.3 Phylogenetic and genome recombination analyses 

The phylogenetic analysis revealed that the two SCMMV isolates in sample 1 were grouped 

into two groups (A and B). The first cluster included SCMMV ET2 from the current study, as 

well as SCMMV isolates from Colombia, the USA, and the Philippines that were previously 

classified as group A (Mollov et al., 2023). The SCMMV ET1 isolate clustered with group B 

SCMMV isolates from Colombia, Argentina, and Ivory Coast (Figure 1). A similar grouping 

pattern was also observed when the tree was constructed using the HPS70, RdRp, and CP 

conserved sequence regions (data not shown).   
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Figure 1. Phylogenetic tree of SCMMV generated by the Maximum Likelihood method in MEGA-11 

based on the nt genome sequences of 17 selected SCMMV isolates from GenBank. Air potato virus 

was used as an out-group. Isolates from this study are highlighted in bold. 
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The phylogenetic tree for SULV was constructed using the RdRp region from the current 

study along with the RdRp sequence of thirty-two viruses belonging to the family 

Tombusviridae. The analysis revealed that the SULV from the current study clustered together 

with sugarcane umbra-like virus (MN868593), Ethiopia maize-associated virus (MN715238), 

johnsongrass umbra-like virus (OM937760), fig umbra-like virus (MW480893), opuntia 

umbra-like virus (MH579715.1),   and citrus yellow vein-associated virus (JX101610.1) 

(Figure 2). The RDP4 analysis was also conducted to assess the potential presence of 

recombination events in the three sequences (2 SCMMV and 1 SULV). However, no 

recombination events were identified by the RDP4 analysis for any of the sequences. 
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Figure 2. Phylogenetic tree of SULV generated by the Maximum Likelihood method in MEGA-11 

based on aa RdRp sequences (from the ORF1/ORF2 frameshift to the stop codon) of SULV with 

umbra-like viruses and umbraviruses retrieved from GenBank. The sequence from this study is 

highlighted in bold. 
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3.4 Pairwise sequence analysis    

Pairwise sequence analysis was conducted to compare the sequence identity of the SCMMV 

and SULV genomes with reference sequences. The analysis revealed that the two SCMMV 

isolates from this study exhibited a nt sequence identity of ~73.5% along the reconstructed 

genome sequence. These isolates demonstrated nt sequence identities ranging from 78% to 

98.8%, with SCMMV isolates previously categorized into group A, B, and C (Mollov et al., 

2023).  

SCMMV ET2 showed the highest aa identity (94–98.9%) with group A SCMMV isolates 

identified from Colombia, the USA, and the Philippines. This isolate also showed 82% aa 

sequence identity with group B and C SCMMV isolates identified from Cote d'Ivoire, 

Argentina, the USA, and Colombia (Figure 3). The SCMMV ET1 isolate in this study 

exhibited the highest aa sequence identity (93–99%) with group B SCMMV isolates from 

Colombia, Ivory Coast, and Argentina. Conversely, this isolate shared a 78-82% identity with 

group A and C SCMMV identified from the USA and Colombia.  

Pairwise identity analyses were further conducted for each SCMMV protein (polyprotein, 

RdRp, P6, HSP70, SHP90, CP, and P24). SCMMV ET1 displayed protein sequence identities 

ranging from 73–100% with SCMMVs from the three groups. ORF1a of SCMMV ET1 

showed the highest sequence identity (89.6-98%) with group B SCMMV isolates, while 

shared 73% -75% protein sequence identity with group A and C isolates. Protein sequence 

identity of SCMMV ET1 ORF1b (RdRp) ranged from 89 to 99.8%, with the highest similarity 

to group B SCMMV isolates. The HSP70 protein (ORF3) shared 90–99.2% sequence identity 
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with the three SCMMV groups. The protein sequence identities of HSP90 (ORF4) and the 

coat protein (ORF5) were 88–99.6% and 95–99.6%, respectively.  

 

Figure 3. Pairwise nucleotide identity matrix based on the near complete genome sequence of 

SCMMV isolates from Ethiopia together with isolates from NCBI. 

On the other hand, the SCMMV ET2 ORFs (ORF1a–ORF6) showed the highest protein 

sequence identity (97.7–100%) with group A SCMMV isolates and 73–97.8% sequence 

identities with group B and C SCMMV isolates. The comparison of the seven ORFs in 

SCMMV ET2 with group A SCMMV isolates exhibited  sequence identities ranged from 97–

98.2% for the ORF1a protein, 99-99.6% for the RdRp, 98–100% for the P6, 99% for the 

HSP70, 98.7–99.7% for the HSP90, 98.6%–100% for the CP, and 98-100% for P24 protein. 

Besides, ORF1a protein, RdRp, P6, HSP70, HSP90, CP, and P24 shared 73–97.5% with 
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group B and C SCMMV isolates. Out of the seven ORFs, ORF 5 (CP) is the most conserved 

protein. It showed the highest sequence identity among the three SCMMV groups in both 

SCMMV ET1 and SCMMV ET2 isolates.  

Pairwise sequence comparison showed that the SULV isolate investigated in this study 

exhibited sequence identities ranging from ~38% to ~86% with unclassified umbra viruses 

(umbra-like viruses) and umbra viruses. The highest aa sequence identity was observed with 

sugarcane umbra-like virus (85.8%) and Ethiopia maize-associated virus (74.1%).   

4 Discussion  

Recent investigations into viruses in sugarcane in Ethiopia have shown the widespread 

occurrence of SCBV (Haregu et al., 2022; Abide et al., 2023). In this study, HTS revealed the 

presence of two viruses in sugarcane that had not been previously reported in Ethiopia. In 

addition to sequences assigned to the previously identified SCBV, the nearly complete 

genome of two SCMMV (genus Ampelovirus) isolates and the complete genome of an 

unclassified sugarcane umbra-like virus (family Tombusviridae) have been reconstructed. The 

two isolates of SCMMV were present in a mixed infection within a single plant. Due to their 

genome-level diversity and the parameters used in the bioinformatics analysis for genome 

reconstruction, the two sequences could be confidently assembled as distinct isolates. 

Studying whole genome sequences offers a more profound insight for detailed analysis of 

genetic structure and molecular epidemiology.  

The initial report of SCMMV dates back to 1992 (Lockhart et al. 1992); however, it did not 

receive recognition from the Closteroviridae ICTV study group. Currently this virus, known 
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to be associated with mosaic disease in sugarcane, is classified within the Ampelovirus genus 

(Rott et al., 2018; He et al., 2022). The virus has been found to have a fairly wide 

geographical distribution, including Africa, Australia, the Caribbean, North America, South 

America, and Southeast Asia (Fernandez et al., 2020; He et al., 2022; Mollov et al., 2023). 

The current study reports its first occurrence in Ethiopia. Although SCMMV is known to 

occur in four African countries namely Malawi, Mauritius, South Africa, and Ivory Coast, 

information on its genomic sequence is reported only for one isolate from the latter (Mollov et 

al., 2023). The nearly complete genome of two isolates of SCMMV obtained in this work 

from Ethiopia, representing East Africa, will expand our knowledge of genome structure and 

diversity in the continent. Previous research has shown that SCMMV is primarily transmitted 

by the pink sugarcane mealybug, Saccharicoccus sacchari (Lockhart et al., 1992), which is 

confirmed to be the vector for SCBV, in the country (Abide et al., 2023). This insect, which 

commonly colonizes sugarcane crops in the country, is thus likely to play an important role in 

the field spread of both SCBV and SCMMV, possibly also resulting in a mixed infection. The 

presence of SCMMV in Ethiopia raises concerns about its potential impact on sugarcane 

production in the country. The detection of this virus could have significant implications for 

the agricultural sector. Further research is needed to understand the spread and impact of 

SCMMV in Ethiopia and to develop effective management strategies to mitigate its effects on 

sugarcane production. 

SCMMV ET2 possesses a 282 aa coat protein, while SCMMV ET1 has a predicted longer 

coat protein (287 aa). The aa sequence of the CP showed a high degree of conservation among 

all groups of SCMMV, which may indicate the presence of a strong evolutionary pressure to 
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retain these sequences. Phylogenetic analysis of the complete and partial genome sequences 

of SCMMV ET1 and SCMMV ET2 isolates revealed the distinct clustering of these isolates 

with group B and A SCMMVs, respectively as described by Mollov et al. (2023). The co-

existence of these two isolates with a low degree of identity in a single sample suggests the 

possibility of multiple strains of the virus within the same environment. These distinct clades 

may have arisen due to different selection pressures. It is also likely that ET1 and ET2 isolates 

have been introduced to Ethiopia on multiple occasions, perhaps from different countries with 

sugarcane cuttings which are the major means of trade and germplasm exchange across the 

world. 

A virus with characteristics similar to umbraviruses has been discovered in various plant 

species, including sugarcane, edible fig (Ficus carica), maize, johnsongrass, papaya, babaco, 

and strawberry (Quito-Avila et al., 2015; Cornejo-Franco et al., 2021; Daugrois et al., 2021; 

Tahir et al., 2021; Wang, 2021; Koloniuk et al., 2022; Quito-Avila et al., 2022). Previously, 

only maize-associated viruses have been reported in Ethiopia (Adams et al., 2017). The 

current study reports the first identification of this virus infecting sugarcane in Ethiopia. 

Based on complete-genome BLAST searches, the isolate from this study showed 85.8% and 

74.1% sequence identities to a sugarcane umbra-like virus found in South Africa 

(MN868593.1) (Tahir et al., 2021) and Ethiopia maize-associated virus (MN715238) detected 

in maize affected by maize lethal necrosis disease (Adams et al., 2017), respectively.  

Phylogenetic tree constructed from RdRp gene (Fig. 2) which is generally used for 

evolutionary classification of members of the family Tombusviridae placed our SULV isolate 

in a clade that consists of all umbra-like viruses described from various crops in recent years. 
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Although this clade shares the most recent common ancestor with members of genus 

Umbravirus, studies showed that the members of this group have different genome features, 

such as mostly smaller genome size, varying number of genes and encoded proteins, and 

regulatory elements such as -1 frameshift positions. In addition, unlike umbraviruses, no 

helper viruses are identified for most umbra-like viruses raising questions as to whether they 

use coat proteins of other viruses for encapsulation or vector transmission. Considering these 

features distinguishing them from umbraviruses and their evolutionary relationship, Tahir et 

al. (2021) proposed the classification of umbra-like viruses in separate genus in the family 

Tombusviridae. A more recent study (Ying et al. 2024) indicates that umbra-like viruses are 

unique among plant viruses in not encoding movement protein and relying on host movement 

protein for systemic spread within a plant. The results of our phylogenetic analysis add more 

evidence in support of the proposal for the creation of a new genus consisting of umbra-like 

viruses such as SULV in the family. The Tombusviridae working group of ICTV should also 

come up with species demarcation criteria within the proposed new genus, as the one 

currently used for umbraviruses may not work for this distinct group of viruses.  

In conclusion, the present study provides the first report of the occurrence of SCMMV and 

SULV on sugarcane in Ethiopia, their complete genome sequences, and insight into their 

evolutionary relationship to known viruses. The study also offers valuable information on the 

diversity of viruses within the sugarcane crop in Ethiopia. Further research is needed on the 

prevalence, diversity and impact of these viruses on sugarcane production, as well as their 

mode of transmission, including dependence on helper viruses if any. In addition, studies on 

the possible cross-infection of these viruses, particularly with economically important crop 
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hosts such as maize and sorghum, will provide basic information that can be used for devising 

suitable disease management options. 
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