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Abstract 

Cassava mosaic disease caused by cassava mosaic begomoviruses (CMBs) remains one of the 

major constraints to cassava production since it causes yield losses up to 100%. Researches 

showed that some of CMBs infecting cassava plants may be coming from non-crop plants. This 

study intended to identify and characterize CMBs isolated from non-crop plant species in 

Unguja and Pemba Islands. A total of 108 viral symptomatic and asymptomatic non-crop leaf 

samples were collected using stratified sampling. DNA was extracted by using CTAB protocol 

followed by polymerase chain reaction using universal and specific primers for cassava mosaic 

begomoviruses identification. Results showed that, among eleven samples that were amplified, 

four were African cassava mosaic viruses (ACMV) and seven were East African cassava 

mosaic viruses (EACMV). DNA sequencing by Sanger method showed 97–99% similarities 

with isolates of ACMV and EACMV reported elsewhere in Africa. Using RbcL and MatK plant 

barcode genes, Datura stramonium, Solanum melongena and Solanum incanum were found 

associated with ACMV, while Senna occidentalis, Sida acuta and Ricinus communis harboured 

EACMV. These findings are a key in understanding the epidemiology of cassava mosaic 

disease and are potential in the development of sustainable management strategies for this 

disease. 

 

Keywords: Begomoviruses, Cassava mosaic disease, East African cassava mosaic virus, Non 

crop plants. 

 

Introduction 

Cassava (Manihot esculenta Crantz) is an 

important staple food crop, which provides an 

affordable source of carbohydrates to over 

800 million people around the world (Legg et 

al. 2014). It is categorized as a food security 

crop, especially in Sub Saharan Africa. About 

70% of the cassava produced worldwide is 

used for human consumption either directly 

after cooking or in processed forms, while the 

remaining 30% is used for animal feed and 

industrial products such as starch, glucose and 

alcohol (Legg et al. 2014). About 277 million 

tons of cassava are produced worldwide 

cultivated on 23 million ha (FAOSTAT 

2019). Africa produces 157 million tons of 

cassava on 17 million ha of land with Nigeria 

being the leading country in the world, which 

produces about 47 million tonnes (FAOSTAT 

2019). Tanzania is the sixth cassava producer 

in Africa and the leading in East Africa 

(FAOSTAT 2019). In Tanzania, cassava is 
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grown on 761100 ha with an average output 

of 5.58 million tonnes; and about 8 tonnes are 

produced per ha (Sewando 2012).  

Furthermore, 91.1% of cassava is produced in 

Tanzania Mainland, while the remaining 

8.9% is produced in Zanzibar [Unguja and 

Pemba Islands] (Shoka 2015). In Zanzibar, 

the highest cassava production was reported 

in North Pemba region (16,865 tons; 30.2%) 

followed by South Pemba (15,438 tons; 

27.2%) and North Unguja (13,119 tons; 

23.5%), while the lowest production was in 

Urban West [3,374 tons; 6.0%] (Shoka 2015). 

Cassava mosaic disease (CMD) caused by 

cassava mosaic begomoviruses (CMBs) is a 

threat to cassava production in Africa, 

causing yield losses of about 21.8 to 34.8 

million tons per annum (Bisimwa et al. 2012). 

In East and Central Africa, CMD has led to 

the loss of 13 million of metric tonnes 

annually (Varsani et al. 2014). In Tanzania, 

the virus causes yield losses from 

insignificant to 100%, depending on cassava 

variety, time of infections, type of virus and 

cultural practices (Kidulile et al. 2018). The 

disease is transmitted by the whitefly 

(Bemisia tabaci) (Ndunguru et al. 2005, Legg 

et al. 2014). Cassava mosaic disease was 

reported for the first time in Tanganyika (now 

Tanzania) in 1894 on the foothills of 

Usambara Mountains (Storey and Nichols 

1938). Since cassava was introduced to Africa 

from Southern and Central America where 

CMD does not exist, it is suggested that 

cassava must have acquired CMBs from non-

crop plants (Legg et al. 2014). For instance, 

Kyalo et al. (2017) identified a begomovirus 

from Deinbollia borbonica (dune soapberry) 

that is highly genetically identical to CMBs 

found in Kenya and Tanzania.  

Begomoviruses have a wide host range 

causing yield losses to many important crops 

such as eggplants, tomatoes, cassava, beans, 

potatoes, cotton, squash and watermelons 

(Bonfim et al. 2007). It is also known that, 

some non-crop plant species serve as 

alternative hosts for the CMBs (Marwal et al. 

2014). Non-crop plants are plants which are 

not cultivated and are not under direct human 

control (Power and Mitchell 2004). Various 

non-crop plants have been reported to harbour 

CMBs (Bock et al. 1981, Bock and Woods 

1983, Burban et al. 1992, Bock 1994, Ogbe et 

al. 2006, Alabi et al. 2008, Kyalo et al. 2017). 

Therefore, due to the wide host range of 

CMBs, these viruses can be transmitted from 

non-crop plants to cassava plants and hence 

may lead to the spread of the CMD (Bisimwa 

et al. 2012). Thus, identification of CMBs in 

non-crop plants is important since the 

knowledge on the source of the virus 

inoculum will lead to formulation of effective 

CMD management strategies. Although many 

reports on molecular characterization and 

identification of CMBs exist, many of these 

reports were done in cassava and very few in 

the non-crop plants. Therefore, this study 

intended to identify and characterize CMBs 

isolated from non-crop plant species in 

Unguja and Pemba Islands of the United 

Republic of Tanzania, using rolling cycle 

amplification (RCA), polymerase chain 

reaction (PCR) and Sanger sequencing. The 

tools used in this study for identification were 

reported earlier as among the efficient 

methods for identification of CMBs in both 

cassava and non-crop plants (Udayashankar et 

al. 2012, Alemu 2015). 

 

Materials and Methods 

This study was carried out in selected parts of 

all districts of Unguja (North A, North B, 

Urban, West, South and Central) and Pemba 

(Micheweni, Wete, Chake Chake and 

Mkoani) Islands (Figure 1). The provinces 

were selected for the surveys due to a very 

long history of existence with great influence 

from Arabs and European traders who 

imported different plants and plant products 

such as cloves, pepper, cinnamon, ginger and 

nutmeg to Unguja and Pemba Islands 

(Bosque-Perez and Eigenbrode 2011). 

Through this way, there are high possibilities 

of introducing vectors and viruses that infect 

both cassava and non-crop plants. These 

islands also were selected due to the reports 

on CMD prevalence, where by the overall 

CMD incidence in the fields was up to 71% 

(NSCACS 2012, Shoka 2015).  
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Figure 1: The map of part of Tanzania showing the study sites in Unguja and Pemba Islands. 

 

Leaf samples were collected from several 

places with different ecology in August 2018. 

The common habitats from which the leaf 

samples were collected included disturbed 

forest, undisturbed forest, and woodland, 

garden weed, bush land, dry grassland, 

forests, seasonally flooded grasslands and 

shallow moist soils. Stratified sampling 
design was employed in establishment of 

twelve plots (six from Unguja and six from 

Pemba Island).  One plot was established in 

each district in both Unguja and Pemba 

Islands except for Chake chake and Wete 

District where two plots were established in 

each district because of having larger area 

than other districts in Pemba Island (McIntyre 

and Shand 2006). In each plot, 9 young full 

expanding top leaves from diverse plant 

species showing virus-like symptoms were 

carefully sampled along plot diagonals 

following an “X” pattern as previously 

described by Sseruwagi et al. (2004). The 

viral-like symptoms found in the fields were 

diverse, therefore; symptom descriptions were 

recorded and scored on a scale of 1–5 (five 

scales) as reported by Hahn et al. (1980). 

Only symptomless leaf samples were 

collected from sites in which no viral-like 

symptoms were observed.  A total of 108 

non-crop leaf samples from symptomatic and 

asymptomatic plants were collected from 

selected areas. The collected leaf samples 

were placed in envelopes and flipchart paper 

sheets and pressed on herbarium and 

transported to molecular disease diagnostic 

laboratory at Tanzania Agricultural Research 

Institute (TARI) - Mikocheni, Tanzania for 

further analysis. 

 

DNA extraction and polymerase chain 

reaction  

DNA was extracted using Cetyl-Trimethyl 

Ammonium Bromide (CTAB) protocol 

adopted from Lodhi et al. (1994). 

Determination of concentration and purity of 

the DNA was performed using a nanodrop 

spectrophotometer (Thermo Scientific 

Nanodrop 2000) at an absorbance of (A 

260/280) according to the manufacturer’s 

instructions. PCR using universal primers 

(EAB555F/R and JSP 001/002 F/R) (Table 1) 

were used in the screening of seven common 
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CMBs species that are known to occur in 

Africa, namely African Cassava Mosaic Virus 

(ACMV), East African Cassava Mosaic Virus 

(EACMV), East Africa Cassava Mosaic 

Ugandan Variant (EACMV-UG2), East 

African Cassava Kenya Mosaic Virus 

(EACMV-KE), East African Cassava Mosaic 

Cameroon Virus (EACMCV), East African 

Cassava Mosaic Zanzibar Virus (EACMZV) 

and South African Cassava Mosaic Virus 

(SACMV). For the purpose of minimizing 

costs and time, from the 108 collected 

samples, 4 to 5 DNA samples were pooled to 

form one sample, and therefore forming a 

total of 22 pools. Pooled samples which tested 

positive were opened and detection was done 

on individual DNA sample using CMBs 

specific primers to identify individual positive 

samples for CMB (Table 1).  

PCR with specific primers for each CMB 

was done following procedures described by 

Fondong et al. (2000). For identification of 

non-crop plants species harbouring CMBs, 

eleven DNA samples which tested positive 

for CMBs were amplified by using RbcL and 

MatK gene primers (Table 2) as described by 

Cuénoud et al. (2002) and Kress et al. (2009). 

 

Table 1: List of primers used for detection of CMBs using PCR 
Sn Primer name Sequence (5’→ 3’) Virus 

species 

Target 

region 

Expected 

size (nt) 

References 

1 EAB555-F TACATCGGCCTTTGAGTC

GCATGG 

EACMV AV1/CP 554 Pita et al. 

2001 

 EAB555-R CTTATTAACGCCTATATA

AACACC 

EACMV AV1/CP 700 Pita et al. 

2001 

2 JSP001-F ATGTCGAAGCGACCAGG

AGAT 

ACMV AV1/CP 540-560 Fondong et 

al. 2000 

 JSP002-R TGTTTATTAATTGCCAAT

ACT 

ACMV AV1/CP 540-560 Fondong et 

al. 2000 

3 ACMV-F CTCAGATGTCAAGTCCT

ATC 

ACMV AV1/CP 435 Aloyce 2013 

 ACMV-R ATTGTGTGGGCCTAAAG ACMV AV1/CP 435 Aloyce  2013 

4 EACMV-F GCGTAAATGAGGATGAT

AAG 

EACMV AV1/CP 435 Aloyce 2013 

 EACMV-R GGGTTTGCAGAGAACTA EACMV AV1/CP 435 Aloyce  2013 

5 EACMZV-F CCAGGTCGAAGAATCGC

TTA 

EACMZV AV1/CP 575 Aloyce  2013 

 EACMZV-R AGGTGTCTCCAATTGCTC 

TC 

EACMZV AV1/CP 575 Aloyce  2013 

6 EACMCV-F GGTAATGGGTTTAAGGA

CTGGT 

EACMCV AV1/CP 305 Aloyce  2013 

 EACMCV-R CCTGGTTAGACAACTGC

ATATT C 

EACMCV AV1/CP 305 Aloyce  2013 

7 EACMKV-F TTGTCCTCCTCGAGCAG

ATCGTC 

EACMKV AV1/CP 338 Aloyce  2013 

 EACMKV-R AAGTCCTATATGGACAA

GGAC 

EACMKV AV1/CP 338 Aloyce  2013 

8 EACMMV-F GTGCCCTGTTCTTCACGG

T 

EACMMV AV1/CP 435 Aloyce  2013 

 EACMMV-R ACCTAGACGAGGACAAG

AATTCC 

EACMMV AV1/CP 435 Aloyce  2013 

9 EACMV-

UG2-F 

GGGTTTGCAGAGAACTA EACMV-

UG2 

AV1/CP 544 Ndunguru et 

al. 2005 

 EACMV-

UG2-R 

TAGAAGGTGATAGCCGT

A 

EACMV-

UG2 

AV1/CP 544 Ndunguru et 

al. 2005 

10 SEACMV-F GCTGTGTCCCCATTGTCC

AAGG 

SEACMV AV1/CP 500 Fondong et 

al. 2000 

 SEACMV-R CCTTTATTAATTTGTCAC

TC 

SEACMV AV1/CP 500 Fondong et 

al. 2000 
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Nucleotide sequencing and sequence 

analysis  

Obtained PCR products were sent to 

Inqaba Biotech Pretoria, South Africa for 

Sanger sequencing technique (Sanger et al. 

1977). Each sample was sequenced twice, 

using forward and reverse primer. Forward 

and reverse nucleotide sequences of both 

CMBs and non-crop plant species were 

assembled and aligned by using the 

CLUSTALW programme found in MEGA 6 

software as described by Thompson et al. 

(1994). The nucleotides were edited using 

BioEdit to remove noisy regions and 

thereafter, the edited sequences were blasted 

to compare with that from the National Centre 

for Biotechnology Information (NCBI) 

database using BLASTn.  

Phylogenetic analysis 

Three top sequences of CMBs and non-

crop plant obtained from the blast results, 

with the highest similarity percentage were 

selected for phylogenetic analysis. The 

multiple sequence alignment of isolates 

obtained from the present study with the 

reference strains retrieved from the Genbank 

was done by using CLUSTALW. Then a 

phylogenetic tree was created by using the 

MEGA 6 Version 6 (Tamura et al. 2013). 

Phylogenetic tree was constructed by using 

maximum likelihood method. A bootstrap 

analysis was performed using 100 re-sampled 

data as reported by Felsenstein (1985). 

 

 

Table 2: Primers used for identification of non-crop plants harbouring CMBs 

Region Name of 

primer 

Primer sequence (5’ → 3’) References Expected 

product 

length    

MatK Kim_3F CGTACAGTACTTTTGTGTTTA

CGAG 

Cuénoud et al. 

2002 

600 

Kim_1R ACCCAGTCCATCTGGAAATCT

TGGTTC 

Cuénoud et al. 

2002 

600 

RbcL rbcLa_F ATGTCACCACAAACAGAGACT

AAAGC 

Kress et al. 2009 600 

rbcLa_R GAAACGGTCTCTCCAACGCAT Kress et al. 2009 600 

 

Results 

Viral-like symptoms observed in the field 

The viral-like symptoms of the collected 

leaf samples ranged from mild to severe. 

Observed symptoms included, yellowing, 

mosaic, leaf rolling, stunted plants and curling 

leaves (Figure 2). 

 

 
 Figure 2: Virus like symptoms observed on representative non-crop plant leaves. A to E show 

yellowing; B and E stunted plants; and F shows both yellowing and leaf curling. 
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PCR, blastn and clustering analysis for 

CMBs 

Out of 108 leaf samples, only 11(10.19%) 

samples yielded PCR products (Figure 3) 

using both universal (JSP001/JSP002F/R and 

EAB555F/R) and specific (ACMVF/R and 

EACMVF/R) primers (Table 1). Among the 

eleven amplified samples, four were ACMV 

(Figure 3A), while seven were EACMV 

(Figure 3 B).   

 

 
Figure 3: Agarose gel electrophoresis using specific primers for A: ACMV; B: EACMV; L: 

DNA Ladder and numbers on the lanes represent sample number.  The expected PCR product 

was 435 bp. 

 

Nucleotide sequence analysis of the coat 

protein of both ACMV and EACMV obtained 

from Sanger sequencing technique showed 

high (97 to 99%) percentage similarity with 

other isolates of ACMV and EACMV. 

Phylogenetic tree of both   CMBs (ACMV 

and EACMV) (Figures 4 and 5) showed 

clustering in relation to their similar 

sequences retrieved from the NCBI database. 

 
Figure 4: Phylogenetic tree constructed using Maximum Likelihood Method based on the coat 

protein region of ACMV isolates. The significance of the nodes was estimated using 100 

bootstraps. Isolates from this study are in bold and those with accession numbers are from the 

NCBI database. Tomato leaf curl virus (ToLCV) was used as the out-group to root the tree. The 

scale bar indicates 0.5 substitutions. 
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Figure 5: Phylogenetic tree generated using Maximum Likelihood Method available in 

MEGA6, based on the nucleotide sequences of the partial coat protein coding region of 

EACMV from Unguja and Pemba Islands isolates (bold) and the sequences drawn from the 

NCBI database. Bootstrap values were generated from 100 replicates. Tomato leaf curl virus 

(ToLCV) was used as the out-group and the scale bar indicates 0.05 substitutions. 

 

PCR, blastn and clustering analysis for non- crop plants 

PCR was positive for all 11 non-crop plants amplified with Rbcl primer while with MatK 

primer, 10 samples were positively amplified (Figure 6).  

 

 
Figure 6: Agrose gel electrophoresis using the MatK and Rbcl barcode genes showing bands of 

the expected size (600bp). L represents 1Kb DNA ladder (Fermentas); numbers 1 to 11 indicate 

samples tested. 

 

The non-crop plant species harbouring the 

ACMV and EACMV shared sequence 

identity of 99 to 100% with the sequences of 

known non-crop plant species. Datura 

stramonium, Solanum melongena and S. 

incanum all from the family Solanaceae 

harboured ACMV; while Senna occidentalis 

(Fabaceae), Sida acuta (Malvaceae) and 

Ricinus communis (Euphorbiaceae) harboured 

EACMV. Phylogenetic tree of non-crop 

plants with their closest genus members are 

shown in Figure 7. 
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Figure 7: Phylogenetic tree generated using Maximum Likelihood Method available in 

MEGA6, showing the relationships between sequences of non-crop plant isolates from Unguja 

and Pemba Islands (in bold) with isolates drawn from the NCBI database (shown with GenBank 

accession numbers). Myrianthus arboreus was used as an out-group. Bootstrap analysis was 

performed using 100 replications. 

 

Discussion 

The leaf samples of non-crop plants 

collected in the present study showed 

different ranges of viral-like symptoms. The 

varieties of symptoms may be caused by 

various factors, including virus titre, the 

host’s physiological state and environmental 

conditions. These observations agreed with 

the findings of Eni and Fasasi (2013) who 

reported a range of symptoms in non-crop 

plants infected by ACMV and EACMV. 

EACMV was the more common virus 

detected in Unguja and Pemba Islands than 

ACMV. The possible explanation can be due 

to high distributions of EACMV than ACMV 

in East African countries and especially along 

the coastal areas (Legg and Raya 1998, 

Ndunguru et al. 2005). This finding is similar 

to the findings reported by Berrie et al. (2001) 

that ACMVs are more common in the 

Western, Central and Southern Africa, while 

EACMVs are prominent in East African 

countries especially Kenya, Uganda and 

Tanzania. 

Although samples representing different 

virus disease-like symptoms were collected, 

97 (89.81%) symptomatic non-crop plants 

tested negative for CMBs by both PCR and 

Sanger sequencing. The high percentage of 

negative tests for CMBs from the 

symptomatic non-crop plants in the present 

study is not a new scenario since other 
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researchers have also reported similar high 

percentage of negative tests for CMBs from 

the symptomatic non-crop plants (Eni and 

Fasasi 2013, Marwal et al. 2014).  The viral-

like symptoms observed earlier in the field 

can be caused by other plant viruses such as 

RNA plant viruses, DNA viruses apart from 

CMBs or environmental factors. In addition, 

it was also reported by Donaire et al. (2009) 

and Kreuze et al. (2009) that the absence of 

CMBs on leaves with virus-like symptoms 

may possibly be due to presence of other 

viruses in the leaf samples that were not 

involved in the study. In the present study, 

specific primers targeting the viral coat 

protein of the CMBs were used.   

Through nucleotide sequence analyses, it 

was revealed that both ACMV and EACMV 

from Unguja and Pemba Islands are more 

closely related to isolates from neighbouring 

countries such as Democratic Republic of 

Congo, Kenya and Uganda. The same trend 

was also shown in cluster analysis. This 

observation may be due to the fact that 

cassava is propagated by cuttings, thus 

exchange of planting materials across the 

neighbouring countries might influence the 

spread of ACMV and EACMV. Various 

studies reported the practice of farmer to 

farmer exchange of cassava planting materials 

in sub-Saharan African countries and its 

influences on spread of ACMV and EACMV 

across the borders (Fondong et al. 2000, 

Ndunguru et al. 2005, Harimalala et al. 2015). 

On the other hand, one ACMV isolate from 

the present study showed similarity to ACMV 

reported in Madagascar. The present findings 

are in agreement with previous findings 

documented by Fondong et al. (2000) that, 

ACMV are widely distributed in many other 

parts of Africa. In addition, two of the 

identified EACMV in this study were similar 

to those of EACMV reported in Madagascar 

and Cameroon. This observation is not 

surprising since Ndunguru et al. (2005) 

documented the presence of   East African 

cassava mosaic Cameroon virus (EACMCV) 

in Tanzania especially in Ruvuma, Tanga, 

Pwani and Mara regions.  These findings may 

also be due to the growing movements of 

viruses around the world through increased 

globalization of trade such as plants and plant 

products in and out of their mother countries. 

Alabi et al. (2008) documented the effects of 

world trade of plants and plant products on 

the spread of CMBs (ACMV and EACMV) 

from their centres of domestication to the 

different parts of the world. Several other 

studies reported the effects of world trade on 

the spread of CMBs (Appiah et al. 2012, 

Asala et al. 2014). 

Based on the results obtained from Blastn 

similarities and phylogenetic analysis, the 

present study to our knowledge reports for the 

first time the occurrence of  ACMV in Datura 

stramonium (Solanaceae), Solanum 

melongena (Solanaceae) and Solanum 

incanum (Solanaceae)  and EACMV in  

Senna occidentalis, Sida acuta (Malvaceae)  

and Ricinus communis (Euphorbiaceae) in 

Tanzania. These non-crop plants are common 

and widely distributed throughout Unguja and 

Pemba Islands as well as other parts of 

Tanzania mainland; therefore, proper 

management and control of these non-crop 

plant species are very important since they 

might serve as sources of virus inocula for the 

spread of CMBs to and within cassava fields. 

Some of the non-crop plant species which 

were identified as reservoirs of CMBs in the 

present study have been previously reported 

elsewhere. For example ACMV was detected 

in Datura stramonium and Solanum 

melongena (Bock et al. 1978, Fauquet and 

Fargette 1990) while EACMV was detected 

from Senna occidentalis and Ricinus 

communis (Ogbe et al. 2006, Alabi 2008). 

However, the occurrence of ACMV in S. 

incanum and EACMV in Sida acuta might be 

the first time to be reported elsewhere. 

Further investigation is recommended to 

assess the infectivity of the CMBs isolated 

from these two non-crop plants on cassava. 

 

Conclusion 
Cassava mosaic begomoviruses (EACMV and 

ACMV) were identified in Datura 

stramonium, Solanum melongena, Solanum 

incanum, Senna occidentalis, Sida acuta and 

Ricinus communis non-crop plant species 

collected in Unguja and Pemba islands. 

Among the non-crop plants, S. incanum   and 

https://plants.usda.gov/java/ClassificationServlet?source=display&classid=Malvaceae
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S. acuta to the best of our knowledge had not 

been reported earlier as reservoirs of ACMV 

and EACMV, respectively. These non-crop 

plants can act as potential sources of primary 

inoculum of these viruses and thus play 

important roles in their persistence and spread 

of CMD to cassava farms. Therefore, efficient 

management of ACMV and EACMV in 

cassava fields should also focus on control 

and managements of S. incanum and S. acuta 

non-crop plants species.  Further studies 

should be conducted on the identification of 

other plant viruses in non-crop plants so as to 

increase the efficiency of plant virus control 

and management. In order to understand if the 

CMBs isolated in this study can play roles in 

the transmission of CMD, the virus infectivity 

studies to the CMD susceptible cassava 

varieties are also recommended. 
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