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First report of the severe Uganda variant of East African cassava
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M. Tembo1,† A. Crespo-Bellido2,† P. C. Chikoti1 A. O. Adediji3 M.Mataa4

P. Ntawuruhunga5 R. Shirima6 J. Legg6 S. Duffy2

1Zambia Agriculture Research Institute, Mt. Makulu Central Research Station, Chilanga, Zambia

2Department of Ecology, Evolution andNatural Resources, School of Environmental and Biological Sciences, Rutgers, the State University of New Jersey, New

Brunswick, USA

3ResearchOffice, Pan African University Life and Earth Sciences Institute, Ibadan, Oyo, Nigeria

4The University of Zambia, School of Agricultural Sciences, Lusaka, Zambia

5International Institute of Tropical Agriculture, AvenueHaut-CongoQuartier Revolution, Kinshasa, Democratic Republic of Congo

6International Institute of Tropical Agriculture, Dar-es-Salaam, Tanzania

Correspondence

S. Duffy, Department of Ecology, Evolution andNatural Resources, School of Environmental and Biological Sciences, Rutgers, the State University of New Jersey, USA.

Email: duffy@sebs.rutgers.edu

†Shared first authorship

Funding information

United States Agency for International Development; HowardHughesMedical Institute, Grant/Award Number: GT13634; Directorate for Biological Sciences,

Grant/Award Numbers: 1545553, 2308503

KEYWORDS

recombination, cassavamosaic disease

The East African cassava mosaic virus-Uganda (EACMV-Ug) variant,

which originated through recombination between an African cassava

mosaic virus (ACMV) and an East African cassava mosaic virus (EACMV)

(Legg & Winter, 2020), has been associated with a severe cassava

mosaic disease pandemic affecting cassava (Manihot esculenta) in sub-

Saharan Africa.

EACMV-Ug has not been found in Zambia despite repeated surveys,

though it has been identified in surrounding countries (Legg & Win-

ter, 2020). However, severe symptoms typical of EACMV-Ughave been

observed in Zambian fields (Chikoti et al., 2015) (Figure. 1). In February

2013, 88 fields were visited in four provinces (Central, Eastern, Lusaka

and Western) and 186 cassava leaf samples with moderate to severe

cassava mosaic disease symptoms were collected (Tembo, 2016). All

186 samples tested positive by PCR (JSP001/002 primers for ACMV,

EAB555F/R for EACMV, 30 cycles with a 55◦C annealing tempera-

ture; Tembo, 2016): ACMVwas detected in 34.7% of positive samples,

EACMV in 4.5%, and the remainder (60.8%) were mixed infections of
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F IGURE 1 Symptoms resembling those caused by East African
cassava mosaic virus-Uganda observed in Rufunsa, Lusaka, Zambia in a
field expressing extreme reduction of leaf area, leaf narrowing,
drooping, and leaf yellowing in the crop, observed in February 2013.
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F IGURE 2 Midpoint-rootedmaximum likelihood phylogeny for African cassava mosaic virus, East African cassava mosaic virus and East African
cassava mosaic virus-Uganda coat protein nucleotide sequences. Themaximum likelihood phylogenetic tree was constructed using IQ-Tree v2.07
with automatic selection of the best-fit substitutionmodel (GTR+I+G4). Tree inference was performedwith 3000UFBoot replicates and a
stopping rule of 500 iterations between unsuccessful improvements to the local optimum. UFboot branch support values ≥ 90% are indicated by
filled circles.

ACMV and EACMV. The DNA-A segment of 25 of these samples were

sequenced.

Phylogenetic analysis found that six of 25 sequences from PCR-

positive samples (GenBank Accession Nos. MT821897-MT821901

and MT821903) were EACMV-Ug (Figure. 2), indicating that this vari-

ant has been present in Zambia for at least the last decade. The

sequences were further confirmed to be EACMV-Ug recombinants by

seven recombination detection methods (RDP5 v5.23; Martin et al.,

2021) in an analysis of all ACMV and EACMV sequences deposited

in GenBank prior to February 2023 (events 1 and 2 in Table 1,

alignment available at https://github.com/acrespo-virevol/EACMV-

UG-phylo-dating). Although isolate MT821899 was not grouped as a

descendant of the recombinant event shared by all other 97 EACMV-

Ug isolates collected to date (event 1, Table 1), it has similar predicted

recombination breakpoints and the sameputative parental species and

can be considered a product of the same event. The six Zambian iso-

lates were not immediately identified as EACMV-Ug because there

have been additional recombination events spanning the coat protein

(events 3–8), and overprinted recombination events in these Zambian

strains may confound the identification of the clade-defining recombi-

nation event found in typical EAMCV-Ug isolates. Pairwise nucleotide

identity analysis with SDTv1.2 (Muhire et al., 2014) confirmed that five

of the six Zambian isolates are >94% identical to all other EACMV-

Ug sequences over the whole DNA-A genomic segment, which is the

threshold for being members of the same Begomovirus strain (Brown

et al., 2015). The remaining isolate,MT821899,whichmaybe the prod-

uct of a different recombination event, is>94% identical to only 16/98

publicly available EACMV-Ug sequences but is 92.3-93.9% identical to

all others.

In addition to this being the first report ofEACMV-Ug inZambia, this

is also the first report of additional recombination events in the coat

protein-coding region of EACMV-Ug.
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TABLE 1 Recombination events involvingMT821897-MT821901,MT821903 detected within a full DNA-A alignment of ACMV and EACMV
sequences.

Event number

EACMV-Ug

recombinant

sequence(s)

Recombination

breakpoint Parental sequence Methodc

Start End Major Minor

Ancestral

1 MT821897,

MT821898,

MT821900,

MT821901,

MT821903

(plus 92 other

sequences)

541a 1015a AY795985

(EACMV)

AF112352

(ACMV)

RGBMCST

2 MT821899 548 1014 AJ717545

(EACMV)

AF112352

(ACMV)

RGBMCST

Secondary

3 MT821897 1825 237 Unknown AJ717524

(EACMV-Ug)

RGBMCST

4 MT821898 1009b 1847 AF126804

(EACMV-Ug)

Unknown RGBMCST

5 MT821899 1817 176 Unknown AJ717524

(EACMV-Ug)

RGBMCST

6 MT821900 1821 317b Unknown AJ717517

(EACMV-Ug)

RGBMCST

7 MT821901 1846 548b Unknown JN053452

(EACMV-Ug)

RGBMCST

8 MT821903 1846 293b Unknown JN053452

(EACMV-Ug)

RGBMCST

aBreakpoint based on sequence accessionMT821897.
bActual breakpoint is undetermined; most likely overprinted by subsequent recombination event.
cR, RDP; G, GeneConv; B, Bootscan;M,MaxChi; C, Chimera; S, SisScan; T, 3SEQ.

ACKNOWLEDGEMENTS

MT,PCC,AOA,MM,PN,RS& JL acknowledgeUSAID’s Feed theFuture

programme. SD and ACB were supported by NSF 1545553, 2308503

andHHMIGT13634.

ORCID

S.Duffy https://orcid.org/0000-0003-0753-223X

REFERENCES

Brown, J.K., Zerbini, F.M., Navas-Castillo, J., Moriones, E., Ramos-Sobrinho,

R., Silva, J.C.F. et al. (2015) Revision of Begomovirus taxonomy based on

pairwise sequence comparisons. Archives of Virology, 160, 1593–1619.
https://doi.org/10.1007/s00705-015-2398-y

Chikoti, P.C., Tembo, M., Chisola, M., Ntawuruhunga, P. & Ndunguru, J.

(2015) Status of cassavamosaic disease andwhitefly population in Zam-

bia. African Journal of Biotechnology, 14, 2539–2546. https://doi.org/10.
5897/AJB2015.14757

Legg, J. &Winter, S. (2020)Cassavamosaic viruses (Geminiviridae). In:Mahy,

B.W.J. and Van Regenmortel, M.H.V. (Eds.) Encyclopedia of Virology. Ams-

terdam, TheNetherlands: Elsevier. https://doi.org/10.1016/B978-0-12-

809633-8.21523-9

Martin, D.P., Varsani, A., Roumagnac, P., Botha, G., Maslamoney, S., Schwab,

T. et al. (2021) RDP5: a computer program for analyzing recombi-

nation in, and removing signals of recombination from, nucleotide

sequence datasets. Virus Evolution, 7, veaa087. https://doi.org/10.1093/
ve/veaa087

Muhire, B.M., Varsani, A. & Martin, D.P. (2014) SDT: a virus classification

tool based on pairwise sequence alignment and identity calculation.PLoS
ONE, 9, e108277. https://doi.org/10.1371/journal.pone.0108277

Tembo, M. (2016) Epidemiological and molecular characteriza-

tion of cassava mosaic geminiviruses and their effect on yield

of cassava. M.Sc. Thesis University of Zambia. Available at:

https://dspace.unza.zm/server/api/core/bitstreams/835f7e0d-9cb2-

46a7-8543-5b26fab17041/content [Accessed 1 February 2024]

How to cite this article: Tembo,M., Crespo-Bellido, A., Chikoti,

P.C., Adediji, A.O., Mataa, M., Ntawuruhunga, P. et al. (2024)

First report of the severe Uganda variant of East African

cassava mosaic virus in Zambia.NewDisease Reports, 49,

e12260. https://doi.org/10.1002/ndr2.12260

 20440588, 2024, 1, D
ow

nloaded from
 https://bsppjournals.onlinelibrary.w

iley.com
/doi/10.1002/ndr2.12260, W

iley O
nline L

ibrary on [15/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0003-0753-223X
https://orcid.org/0000-0003-0753-223X
https://doi.org/10.1007/s00705-015-2398-y
https://doi.org/10.5897/AJB2015.14757
https://doi.org/10.5897/AJB2015.14757
https://doi.org/10.1016/B978-0-12-809633-8.21523-9
https://doi.org/10.1016/B978-0-12-809633-8.21523-9
https://doi.org/10.1093/ve/veaa087
https://doi.org/10.1093/ve/veaa087
https://doi.org/10.1371/journal.pone.0108277
https://dspace.unza.zm/server/api/core/bitstreams/835f7e0d-9cb2-46a7-8543-5b26fab17041/content
https://dspace.unza.zm/server/api/core/bitstreams/835f7e0d-9cb2-46a7-8543-5b26fab17041/content
https://doi.org/10.1002/ndr2.12260

	First report of the severe Uganda variant of East African cassava mosaic virus in Zambia
	ACKNOWLEDGEMENTS
	ORCID
	REFERENCES


