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Abstract

Cassava Brown Streak (CBSV) and Cassava Mosaic Viruses (CMYV) are serious constraints to
cassava production. In this work, the rate of shoot regeneration and disease incidence on
shoots following hot water therapy as a technique for virus elimination was evaluated. RT-PCR
was used to detect the presence of CBSV and CMV using the CTAB extraction protocol. Stem
cutting of cultivars whose leaves were confirmed positive with RT PCR were subjected to hot
water treatment at different temperature ranges and time intervals. Shoot regeneration and
symptom appearance after thermotherapy treatment was studied and analyzed. All the shoots
tested positive for both CMV and CBSYV, with 40% exhibiting co-infected with both CBSV and
CBSV-Ug.
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Résumé

La striure brune de manioc (Cassava Brown Streak (CBSV) et le virus de mosaique de manioc
(Cassava Mosaic Virus (CMV) sont de sérieuses contraintes a la production de manioc. Dans
ce travail, le taux de régénération des pousses et I’incidence de la maladie sur les pousses apres
un traitement a I’eau chaude comme une technique pour I’élimination du virus a été évaluée. La
RT-PCR a été utilisée pour détecter la présence de CBSV et de CMV en utilisant le protocole
d’extraction CTAB. La tige coupée des cultivars dont les feuilles ont été confirmées positifs a
la RT PCR ont été soumis a un traitement de 1’eau chaude a différentes catégories de température
et des intervalles de temps. La régénération de pousses et le symptdme d’apparence apres le
traitement de thermothérapie ont été étudiés et analysés. Toutes les pousses ont été testés
positifs a la fois pour le CMV et le CBSYV, avec 40% présentant une co-infection avec les deux
CBSVetCBSV-Ug.

Mots clés: Manioc striure brune, Mosaique de manioc, thérapie de I’eau chaude, pousse de la
régénération, I’élimination du virus
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Background

Cassava production and productivity is affected by viral diseases notably cassava Mosaic
and Cassava brown streak perpetuated through propagation of infected stem cuttings and
whitefly vector (Bemisia tabaci Gennadius) (Legg and Fauquet, 2004; Alicai et al., 2007;
Mware et al., 2009; Ogwok et al., 2015). Conservation of disease free cassava germplasm
for the foreseeable future serves the most effective and reliable way of reserving propagation
material with desired traits before they become extinct. Development of a healthy phytosanitary
measure and conservation strategy to free and conserve the cassava germplasm is therefore
important (Anegbeh et al., 2004). The use of Heat therapy on vegetatively propagated
plants is a techniques that has reported success in virus elimination. (Faccioli and Marani,
1998). The high temperatures in thermotherapy hinder virus replication by making surrounding
conditions unfavorable for viral survival (Walkey, 1976). The present study evaluates the
rate of shoot regeneration and symptom development following hot water therapy in order
to eliminate CBSV and CMV for production of clean cassava materials and their conservation
for future use in Uganda.

Methods

Five best performing varieties including two landraces and three elite varieties of field grown
cassava at the National Crops Resources, Research Institute (NaCRRI) Namulonge, i.e.,
TME 204, Alado Alado, Magana, Ariwala, and Bao were selected for the experiment. Infected
leaves and stem sections showing clear CBSD and CMD symptoms were picked from the
field. Leaves for CBSD detection were wrapped in clean aluminium foil, labeled and
immediately frozen on ice in an icebox. Two young leaves for CMD indexing were put in a
1.5 eppendorf tube and 70% ethanol added. The collected leaf samples were kept frozen at
-80°C until needed. Stakes were also obtained from cassava plants from which leaves were
collected and were labeled according to variety.

The leaf samples were ground in sterile mortars and total DNA from CMV and RNA for
CBSV was extracted from the resulting powder following the CTAB protocol (Lodhi et al.,
1994). Extracted DNA and RNA were treated with DNase I and RNase H according to
manufacturer recommendations (Life Technologies, Thermo Fisher Scientific). Nucleic acid
purity, quantity and integrity of each sample was assessed using a NanoDrop (Model 2000C;
Thermo Scientific). Two micrograms (2ug) of total RNA for CBSV was converted to
cDNA using RevertAid First Strand cDNA Synthesis Kit following manufacturer
recommendations. Presence of UCBSV and CBSV in each sample was detected by subjecting
1 of cDNA to conventional RT-PCR assays as described previously (Ogwok et al, 2012)
using the primers CBSDF2 and CBSVR (Mbanzibwa et al., 2011), which amplify c.437 and
343 nucleotides of the 3’-terminal sequence of the UCBSV and CBSV genomes, respectively.
Presence of EACM-UG and ACMYV in each sample was detected by subjecting 1uL of
DNA to conventional PCR assays using the primers; ACMV-AL1/F/ARO/R used for the
detection of open reading frames (ORFs) AC1 and AV2 of ACMV; UV-AL1/F/ACMVCP/
R3 for ORFs AC1 and AV1 specific for Ugandan EACMYV strain EACMV-Ug. (Ogbe et
al., 2005).
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Stakes of confirmed positive leaf samples were subjected to hot water therapy by incubation
at 40°C, 45°C, 50°C for 30 minutes and 55°C and 60°C for 20 minutes respectively before
potting in a screen house. Shoot regeneration was monitored weekly by recording the number
of regenerated shoots, shoot length and leaf numbers for eight weeks. Symptom appearance
on the shoots was also recorded.

Results and discussions

Preliminary results indicated that 100% of the shoots tested positive with CMV and CBSV
with 40% co- infected with both CBSV and CBSV-Ug. Cassava stem cuttings from virus-
infected plants subjected to hot water treatment gave promising regeneration response results.
Shoot regeneration ranged from 0% at 60°C to 87% at 40°C. Highest symptom incidence
(100%) was observed on plants grown from untreated diseased cuttings (controls), treated
plants at 40°C recorded 55.5% CBSD and 34% CMD incidence while plants treated at
45°C recorded 18% CBSD and 63% CMYV incidence. Generally a low disease incidence
was recorded with increasing temperatures that is 50°C recorded 25% CBSD and 28.57%
CMYV incidence and 55°C recorded 0% CBSD and 25% CMYV incidence. This could be
because temperature is known to dramatically affect plant-virus interactions with an
attenuation of virus-induced symptoms at high temperature therefore, the increase in
temperature might have led to an increase in virus-derived siRNA accumulation, resulting in
the development of fewer symptoms (Szittya et al, 2003).

Although information on severity has not been reported in this work, according to visual
observations, samples with mixed infection showed severe symptoms even at higher
temperature (25%) at 55°C. This is could be attributed to higher virus titres in the samples
(Zinga et al., 2008). In all cultivars, TME 204 produced the highest number of shoots, leaves
and shoot height than the rest, followed by Magana, Bao, Ariwala and Alado Alado (Figs. 1,
2 and 3). However different varieties produced maximum number of shoots at different
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Figure 1. Standard deviation of total number of leaves produced by the different varieties at
increasing temperatures
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Figure.2. Standard deviation of total shoot length produced by the different varieties at
increasing temperatures
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Figure 3. Standard deviation of total number of shoots produced by the different varieties at
increasing temperatures

temperatures, TME 204 at 50°C, Magana at 55°C, Bao at 45°C, Ariwala at 45°C and Alado
alado at 55°C (Fig. 3). This could imply that different varieties can tolerate different
temperature ranges to obtain maximum shoot regeneration following hot water therapy.

Conclusions

Preliminary results indicate that hot-water therapy can reduce or eliminate CBSV and CM Vs
from cassava cultivars as previously reported. This technique could be used to reduce loss
of farmer preferred cassava varieties and distribution of infected cassava propagation
material. The technique could further support the in-situ and ex-situ conservation strategy.



Fifth RUFORUM Biennial Regional Conference 17 - 21 October 2016, Cape Town, South Africa 597

Acknowledgements

This work was funded by the Regional Universities Forum for Capacity Building in Agriculture
(RUFORUM) through the RUFORUM Graduate Research Grant (GRG) to the College of
Agriculture and Environmental Sciences, Makerere University. This paper is a contribution
to the 2016 Fifth African Higher Education Week and RUFORUM Biennial Conference.

References

Alicai, T., Omongo, C. and Maruthi, M. 2007. Re-emergence of cassava brown streak
disease in Uganda. Plant Disease 91:24-29.

Dovas, I.C., Hatziloucas, E., Salomon, R., Barg, E., Shiboleth, Y. and Katis, N.I. 2001.
Comparison of methods for virus detection in Allium spp. Journal of Phytopathology
149:731-737.

Faccioli, V.C. and Marani, F. 1998. Virus elimination by meristem tip culture and tip
micrografting. In: Hadidi, A., Khetarpal, R.K. and Kongazwa, H. (Eds.). Plant virus
disease control. APS Press, St Paul MN, USA. pp. 346-380.

Legg, J.P. and Fauquet, C.M. 2004. Cassava mosaic geminiviruses in Africa. Plant
Molecular Biology 56(4):585-599.

Leonhardt, W., Wawrosh, C.H., Auer, A. and Kopp, B. 1998. Monitoring of virus diseases in
Austrian grapevine in vitro thermotherapy. Plant cell, Tissue and Organ Culture 52:71-
71.

Lodhi, M.A., Ye, GN., Weeden, N.F. and Reisch, B. 1994. A simple and efficient method
for DNA extraction from grapevine cultivars and Vitis species. Plant Molecular Biology
12:6-13.

Mbanzibwa, D., Tian, Y., Tugume, A., Patil, B., Yadav, J., Bagewadi, B., Abarshi, M., Alicai,
T., Changadeya, W. and Mkumbira, J., 2011. Evolution of cassava brownstreak disease-
associated viruses. Journal of General Virology 92 (4):974-987.

Mware, B.O, Ateka, E.M., Songa, J.M., Narla, R.D., Olubayo, F. and Amata, R. 2009.
Transmission and distribution of cassava brown streak virus disease in non coastal cassava
growing areas of Kenya. Journal of Applied Biosciences 16:864-870.

Ogbe, A.O., Mgbojikwe, L.O., Owoade, A.A., Atawodi, S.E. and Abdu, P.A. 2005. The
effect of a wild mushroom (Ganoderma lucidum) supplementation of feed on the immune
response of pullet chickens to infectious bursal disease vaccines. Electronic Journal of
Environmental, Agriculture and Food Chemistry 7 (4):2844-2855.

Ogwok, E., Alicai, T., Rey, M., Beyene, G. and Taylor, N. 2015. Distribution and accumulation
of cassava brown streak viruses within infected cassava (Manihot esculenta Crantz)
plants. Plant Pathology 64 (5):1235-1246.

Ogwok, E., Odipio, J., Halsey, M., Gaita” n-Soly’s, E., Bua, A., Taylor, N.J., Fauquet, C.M.
and Alicai, T. 2012. Transgenic RNA interference (RNAi)-derived field resistance to
cassava brown streak disease. Journal of Molecular Plant Pathology 13:1019-1031.

Szittya, G., Silhavy, D., Moinar, A., Havelda, Z., Lovas, A., Lakatos, L., Banfalvi, Z. and
Burgyan, J. 2003. Low temperature inhibits RNA silencing-mediated defence by the
control of siRNA generation. The EMBO Journal 22:633-640.



598 Nangonzi, R. et al.

Walkey, D.G.A. 1976. High temperature inactivation of Cucumber and Alfalfa mosaic viruses
in Nicotiana rustica cultures. Annals of Applied Biology 84:183-192.

Zinga, 1., Chiroleu, F., Kamba, E., Giraud, C., Harimalala, M., Komba, C., De Bruyn, A.,
Hoareau, M., Simplice Yandia Semballa, S., Reynaud, B., Dintinger, J., Lefeuvre, P. and
Lett, J.M. 2014. Field evaluation of the effectiveness of thermotherapy against Cassava
Mosaic Disease in Central African Republic. American Journal of Experimental
Agriculture 4 (11):1232-1241.

Zhou, X., Liu, Y., Calvert, L., Munoz, C., Otim Nape, G.W., Robinson, D.J. and Harrison,
B.D. 1997. Evidence that DNA-A of a geminivirus associated with severe cassava
mosaic disease in Uganda has arisen by interspecific recombination. Journal of General
Virology 78:2101-2111.



