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The effect of different concentrations of thidiazuron (TDZ), benzyl amino purine (BAP), kinetin and 2,4-
dichlorophenoxy acetic acid (2, 4-D) on callus induction in three elite cassava cultivars (agric-rouge, 
atinwewe and agblehoundo) was evaluated. Leaf explants harvested from greenhouse-grown cassava 
were sterilised using different concentrations of commercial bleach commonly called Jik (3.85% NaOCl) 
at different time intervals. The highest number (94%) of clean explants was obtained when 2% (v/v) Jik 
was used for 15 min. The explants were cultured in half MS media supplemented with different growth 
regulators TDZ, BAP, kinetin 2, 4-D, 100 mg/l myo inositol, 2% sucrose and gelled with 0.3% phytagel. 
Callus formation was observed from the cut edges of the leaves in all cultivars after 10 days in medium 
supplemented with TDZ, 12 days in BAP medium, and 15 days in kinetin medium. There were significant 
(p < 0.05) differences in callus formation among all cytokinins types and concentrations. However, there 
were no significant differences in callus formation in different 2,4-D concentrations. All 2,4-D 
concentrations produced 100% callus in all the cultivars. However, 2,4-D at 2 µM significantly produced 
the highest (2.48±0.30) callus weight in cultivar atinwewe. Furthermore, simple sequence repeats (SSR) 
and sequence-characterized amplified region of the induced calli on TDZ and 2,4-D media indicated the 
loss of CMD2 gene among induced calli compared to the mother plants. 
 

Key words: Cassava, simple sequence repeats (SSR) and sequence-characterized amplified region (SCAR), 
genetic stability, callus, cytokinins, auxins. 

 
 

INTRODUCTION 
 
Cassava (Manihot esculenta Crantz) is the most 
important root crop in the tropics and ranks fourth after 
rice, wheat and corn as a source of calories for human 
consumption   (Acedo   and   Labana,   2008).   In  Benin, 

cassava is consumed by more than 54% of the 
population in different ways as raw or after processing 
into gari, chips or tapioca (MAEP, 2013). This is an 
indication  of  its  importance  as  food  security  crop  and 



 
 
 
 
poverty alleviation in the country. The cultivation of 
cassava in Benin is facing many challenges which 
include pests and diseases, lack of good agronomic 
practices, land degradation, shortage of planting 
materials, limited processing options etc. (Agre et al., 
2015). Viral diseases, particularly cassava mosaic 
disease (CMD) are the most economically important and 
may lead to yield losses of 20 to 95% (Fauquet et al., 
1990; Hahn et al., 1989). Due to these constraints, the 
average crop yield in Benin is low (15.55 tonnes per 
hectare) compared to the global yield of 90 tonnes 
(FAOSTAT, 2017). Recent breeding work in Benin has 
resulted in the release of some local cultivars (Agric-
rouge, Atinwewe and Agblehoundo) that are resistant to 
cassava mosaic disease (CMD) (Houngue et al., 2018). 
The cultivars contain CMD2 gene which is dominant 
monogenic resistance locus (Fondong, 2017). The 
propagation of those cassava cultivars in the field by 
farmers is by cuttings and few works have been done for 
in vitro culture (Cacaï et al. 2012, 2013). The traditional 
method by cuttings is not only limiting in the numbers of 
planting materials but is also cumbersome, and labour 
intensive. Therefore, there is need to evaluate alternative 
propagation methods that are fast and tissue culture 
offers a feasible option.  

In tissue culture technique, somatic embryogenesis has 
an advantage over micropropagation in that it generates 
a new plant with both root and shoot meristems from 
actively dividing somatic cells in the same step and within 
a short time period, whereas micropropagation requires 
additional steps and a longer time frame (Leva et al., 
2012). Although regeneration of microshoots from 
cassava nodes can be achieved with a high rate of 
success, somatic embryogenesis is still preferred to 
microshoot propagation technique for two main 
reasons: High multiplication rates, and the possibility of 
initiating cultures from readily available and renewable 
leaf explants. One of the advantages of using somatic 
embryogenesis as a method for mass propagation is 
that the embryos have concomitant development of 
both root and shoot meristems which, under optimal 
conditions, can grow synchronously to produce normal 
plants. This procedure can save a great deal of time in 
those situations where conventional vegetative 
propagation is slow or difficult to carry out and manage.  

The induction of somatic cells from leaf explants during 
tissue culture requires the explants sterilization using 
different sterilants. The type of sterilizing agent used 
depends on the source and the type of the explants and 
the purpose of the experiments. There are few studies on 
sterilization of cassava leaf explants from greenhouse. 
For instance, Danso (1997) reported the use of alcohol to 
sterilize young leaf of four   weeks  old   shoot   tips   from  
 

Sessou et al.         1045 
 
 
 
greenhouse cassava. On the other hand,  Magaia (2015) 
reported 100% clean explants when cassava leaf from 
greenhouse were  sterilized with 70% ethanol for 2 min 
followed by 0.05% of mercuric chloride for 1 or 2 min. 
During the current study, the effect of Jik (3.85% NaOCl) 
on sterilization of leaf explants was evaluated. Somatic 
embryogenesis have been reported to be suitable for 
mass propagation of highly performing cassava clones 
(Osorio et al., 2012). Many studies have been done in 
callus induction in several crops using cytokinins and 
auxins. For example, Faye et al. (2015)  and  
Mongomake et al. (2015) reported callus formation with 
MS media supplemented with cytokinins in some cassava 
cultivars. Phua et al. (2016) and Fathil et al. (2017) 
reported that 2,4-D at low (0.25 - 1 mg/L) concentrations 
produced 100% callus in Clinacanthus nutans and Citrus 
suhuiensis. Furthermore,  Castro et al. (2016) reported in 
Byrsonima verbascifolia an excellent (100%) callus 
induction using 2,4-D combined with BAP. Callus-derived 
somaclonal variation based on morphological and 
biochemical parameters have been reported by Pajević et 
al. (2004) in sunflower, Jibu et al. (2006) in tea, Rajeswari 
et al. (2009) in Sugarcane, Park et al. (2010) in Rice, 
Beyene et al. (2016) and Chauhan et al. (2018) in 
cassava. Although, many works have generated cassava 
plantlets from somatic embryogenesis in different 
cassava varieties (Anuradha et al., 2015; Atehnkeng et 
al., 2006; Feitosa et al., 2007; Le et al., 2007; Vidal et al., 
2014), there are no reports on such work on cassava 
varieties in Benin. Even in cases where regeneration of 
callus has been reported there is hardly any information 
on evaluating the stability of the regenerated callus. 
Callus formation is an important requirement for 
establishing embryogenic culture, plantlet regeneration 
and germplasm conservation.  

Microsatellite-based marker techniques such as Simple 
sequence repeat (SSR) and sequence-characterized 
amplified region (SCAR) markers have successfully been 
used in the detection of CMD2 resistant gene in cassava 
(Okogbenin et al., 2008; Houngue et al., 2018).  SSR 
markers have also been used in detecting genetic 
differences or similarities in several micropropagated 
plants, including cotton (Jin et al., 2008) and medicinal 
plants such as Jatropha curcas (Sun et al., 2008). The 
high reproducibility, simplicity, and low cost of the 
experimental procedures of SSR and SCAR compared to 
other molecular markers such as restriction fragment 
length polymorphism (RFLP) and random amplified 
polymorphic DNA (RAPD) makes them more appropriate 
for such studies. The aim of the study was to determine 
the optimal sterilization technique for cassava leaf 
explants. The effects of cytokinins (TDZ, kinetin and 
BAP) and  2,4-D  concentrations  on  frequency  of  callus 
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Table 1. Specific SSR and SCAR primers used for detection of CMD2 resistant gene in cassava mother plants and induced calli. 
 

Primer 
code 

Marker 
system 

Forward primer sequence Reverse primer sequence  
Expected sequence 

length (bp) 

Annealing 

temperature (˚C) 

NS169 SSR GTGCGAAATGGAAATCAATG GCCTTCTCAGCATATGGAGC 319 55 

RME1 SCAR AGAAGAGGGTAGGAGTTATGT ATGTTAATGTAATGAAAGAGC 700 55 

 
 
 
formation, weight of callus induced from greenhouse-
grown leaf explants of three mosaic resistant cassava 
cultivars (Agric-rouge, Atinwewe and Agblehoundo) and 
finally to evaluate the 'CMD2 conformity' of the calli using 
SSR and SCAR markers.  
 
 

MATERIALS AND METHODS 
 

Cassava cuttings of three (Agric-rouge, Atinwewe and 
Agblehoundo) cultivars resistant to CMD were collected from the 
southern region in Republic of Benin and transported to Coffee 
Research Institute (CRI), Ruiru-Kenya where the tissue culture 
studies were carried out. The molecular analysis work was done in 
the Molecular Biology and Biotechnology laboratories of CRI and 
Pan African University of Basic Sciences, Technology and 
Innovation (PAUSTI), Kenya. 
 
 

Explants sterilization  
 

Leaf explants from three weeks old stem cuttings were harvested 
and transported from the greenhouse to the laboratory in a beaker 
containing tap water. Once in the laboratory, they were cleaned 
with cotton wool containing liquid soap to remove any surface 
debris and rinsed with tap water.  They were then subjected to 
sterilization under the lamina flow hood using 2 and 5% v/v 
commercial bleach (Jik) for 5, 10, 15 and 20 min. After exposure to 
the sterilant, the explants were rinsed two times with sterile distilled 
water and thereafter given a quick immersion (30 s) in 70% (v/v) 
ethanol and finally rinsed four times with sterile distilled water. The 
leaf explants were trimmed to approximately 1 cm

2
 leaf discs and 

cultured individually in tubes containing hormone free MS media. 
The cultures were incubated in a dark room at a temperature of 25 
± 2˚C. Data were collected after 4, 8, and 15 days on the percent 
clean explants. This was calculated as total number of 
contaminated explants / total number of explants x 100.  
 
 

Callus induction and culture conditions 
 

The media used to evaluate the effect of cytokinins and auxin on 
callus induction from leaf explants was half-strength MS (Murashige 
and Skoog, 1962) supplemented with either BAP or kinetin (5, 10, 
20 and 40 µM), thidiazuron  (0.1, 0.5, 1 and 1.5 µM), or 2, 4-D (2, 5, 
10, 25 and 30 µM), 100 mg/L inositol, 2% (w/v) sucrose and gelled 
with 0.3% Phytagel in separate experiments. The media pH was 
adjusted to 5.7 by using either 1 N HCl or 1 N NaOH before the 
gelling agent was added. The media was dispensed in culture test 
tubes and autoclaved at a temperature of 121°C and a pressure of 
1.1 kg·cm

2
 for 20 min. The cultures were incubated in a dark room 

maintained at 25 ± 2°C. Half-strength MS medium without growth 
regulators was used as control.  
 
 

Subculture of callus and data collection 
 
The  calluses   were  transferred  to   MS  medium   without   growth 

regulators (control) and MS media supplemented with 1, 3 and 5 
µM GA3 (embryos induction medium) to study their embryogenic 
competence. Data were collected on weekly basis on the explants 
with callus (expressed as % callus induced) and weight of the 
callus. The percent (%) callus induced was calculated as total 
number of explants with callus / total number of explants cultured x 
100.   
 
 

Experimental design and data analysis  
 

All experiments were laid out in completely randomized design 
(CRD) with 10 replicates per treatment and the experiment 
repeated three times. The data (percentage and weight of the 
callus) were subjected to one-way analysis of variance and the 
significant differences between treatments means were assessed 
using MINITAB version 19 software. Tukey analysis at 5% level was 
performed to assess difference between means. Data were also 
subjected to analysis as graph by GraphPad Prism 7 Software.  
 
 

Assessment of the presence of CMD2 gene in calli 

 
PCR-based SSR and SCAR markers as described by Houngue et 
al. (2018) were used to assess the CMD2 conformity of the induced 
calli. The mother plants growing in the greenhouses did not show 
any symptoms of CMD and it was used as the control. The 
characteristics of the primers used are shown in Table 1. 

 
 
DNA extraction and quantification  

 
DNA was extracted from young leaves picked from cassava mother 
plants and the callus according to the method described by Diniz et 
al. (2005). DNA quality and quantity were determined with Genova 
Spectrophotometer (Model 7415 Nano, Vacutec, South Africa) and 
quality was also assessed on 1% (w/v) agarose gel. The extracted 
DNA samples were stored at -20°C for SSR and SCAR analysis. 

 
 
Polymerase chain reaction (PCR) for scoring CMD2 resistant 
gene 

 
The SSR and SCAR analysis were performed as described by 
Omingo et al. (2017). DNA samples were diluted to 10 ng/µl for 
SSR and SCAR analysis. A total of 100 ng of each DNA sample 
was used in PCR reactions. A reaction mix was prepared to include: 
2.5 µl of buffer (10 x), 2.5 µl of MgCl2 (25 mM), 3.5 µl of dNTPs 
(500 µM), 2 µl of SSR or SCAR (10 µM) reverse (1 µl) and forward 
(1 µl) primers, 0.2 µl of Taq polymerase 5 µl. The 25 µl PCR volume 
was incubated in a thermocycler (Model FFG02HSD, made in UK) 
set for the following amplification conditions: One cycle at 95°C for 
5 min, 35 cycles of denaturation at 94°C for 1 min, annealing at 
55°C for 1.5 min, extension at 72 °C for 10 min and was held at 
4°C. The amplified products were electrophoresed in 2.3% agarose 
gel and then visualized in a UV trans-illuminator (Model M-26, 
Upland,   CA 91786   U.S.A)  after   staining   in   ethidium   bromide 
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Table 2. Effects of commercial bleach (Jik) on elimination of surface contamination from cassava leaf explants. 
 

Jik concentration 

(%) v/v 

Exposure time 
(min) 

Percentage of clean explants (%) 

4 days 9 days 15 days 

2 5 97 93 88 

2 10 93 77 77 

2 15 100 100 94 

2 20 92 89 89 

5 2 90 80 80 

5 5 97 90 90 

5 10 100 97 88 

5 15 100 89 89 

 
 
 

 
 

Figure 1. Effect of different cytokinin concentrations (µM) on callus formation from leaf explants of the three cultivars after one month of 
culture. *Means followed by the same letter are not significantly different at P≤0.05. 

 
 
 
solution. 
 
 
Scoring and analysis of bands 
 
Amplified DNA fragments were run on agarose gel to score for the 
presence (1) or absence (0) of bands (Resistance gene) in the 
formed calli compared with mother plants. All reactions were 
repeated at least twice, and only distinct, reproducible, polymorphic 
and well-resolved bands across all runs were considered for 
analysis.  

 
 
RESULTS 

 
The result of the effect of Jik (3.85% NaOCl) on surface 
sterilization of cassava leaf explants are shown in Table 
2. Most of the contaminations observed during this study 
were fungal (80%) while bacterial and yeast 
contaminants accounted for 20%. After 15 days the 
highest (97%) number of clean explants was obtained 
when the explants were sterilized in 2% Jik for 15 min 
and this sterilization procedure was used in all the 
subsequent experiments. 

 
Effects of cytokinins on the callus formation 
 
The results of the effects of different cytokinins on callus 
induction are shown in Figures 1 to 3. Callus formation 
was observed from the cut edges of the leaves in all the 
three cultivars. The cytokinin concentrations significantly 
(p ˂ 0.001) affected induction of callus from the explants 
in all cultivars. Callus induction was first observed in all 
cultivars after ten days in medium supplemented with 
TDZ, 12 days in BAP medium, and 15 days in kinetin 
medium. It was generally observed that the media 
supplemented with TDZ 1.5 µM produced the highest 
percentage (98-99 %) explants with callus in all the three 
cultivars (Figure 1). It was also observed in all cultivars 
that increasing TDZ concentrations from 0.1 to 1.5 µM 
increased the percentage of callus production while 
increasing BAP concentrations from 5 to 40 µM 
decreased the production of callus. However, no 
significant difference (p ˂ 0.001) was observed among 
kinetin concentrations and the control. Callusing of leaf 
explants began with curling of the tissue followed by 
swelling at the cut edges. The white calli turned to  brown  
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Figure 2. Effect of cytokinins on callus formation: a -Fresh culture, b - Initiation of callus 10 days after; c - White 
callus after 3 weeks; d - Callus turned light brown after one month. 

 
 
 

 
 

Figure 3. Effect of different 2, 4-D concentrations (µM) on callus formation from leaf explants: a - Agric-rouge, b - 
Atinwewe, and c - Agblehoundo cultivars after one month of culture. *Means followed by the same letter are not 
significantly different at P≤0.05. 

 
 
 
after one month (Figure 2). 
 
 
Effects of auxin 2,4-D on the callus formation 
 
The results showed that there was no significant effect of 
the 2,4-D concentrations on callus induction in all the 
three cultivars. It was observed that all concentrations 
used in this study produced 100% frequency of callus in 
all cultivars after ten days. In agric-rouge and atinwewe 
cultivars, the first callus was observed after 4 days and 
after 6 days in agblehoundo. However, there was 
significance difference (p < 0.001) in the weight of the 
callus among all concentrations evaluated and across 
cultivars. Figure 3 shows the effect of 2,4-D on callus 
formation. Increasing concentration of 2, 4-D from 10 to 
30 µM, reduced the weight of the callus in all cultivars.  2, 

4-D 2 µM significantly produced the highest callus 
masses which 2.48 ± 0.30 atinwewe cultivar. There was 
no callus produced in the medium without growth 
regulators. The formed calli were white and friable in all 
cultivars. When the calli were transferred into media 
without growth regulators, 80% calli developed roots 
(Figure 4).  An attempt to transfer the callus on a media 
supplemented with different concentration of GA3 did not 
yield any embryos. 
 
 
Assessment of the presence of CMD2 gene in calli 
 
To confirm the presence of CMD2 gene in induced calli, 
PCR analyses were conducted. DNA fragments 
corresponding to the CMD2 gene (319 bp with SSR or 
700 bp with SCAR)  were amplified  in  all  mother  plants  
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Figure 3: Effect of different 2, 4-D concentrations (µM) on callus formation from leaf 
explants: a - Agric-rouge, b - Atinwewe, and c - Agblehoundo cultivars after one month 
of culture. *Means followed by the same letter are not significantly different at P≤0.05. 
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Figure 4. Effect of auxin 2, 4-D on callus production:  a - White formed callus after two weeks; b - Formation of root two 
months after callus was transferred to media without growth regulators. 

 
 
 
whereas the corresponding band was not detected in 
some induced calli, indicating the loss of the resistance 
gene in the genome of those induced calli (Figures 5 and 
6). In Figure 5, SSR primer revealed the loss of the 
resistant gene (319 bp) in calli induced from 2, 4-D 
supplemented media in cultivars Agric-rouge and 
Agblehoundo and in callus induced from TDZ medium in 
Agblehoundo. In Figure 6, SCAR primer revealed the 
presence of the resistant fragment (700 bp) in induced 
calli from both 2,4-D and TDZ media in cultivar 
agblehoundo.  
 
 
DISCUSSION 
  
Development of a sterilization technique for cassava 
leaf explants 
 
The current study was conducted with an aim of 
optimizing the sterilization of leaf explants and callus 
induction using different growth regulators in the mosaic 
disease resistant cassava cultivars. The disinfectant 
widely used for surface sterilization is sodium 
hypochlorite (Miché and Balandreau, 2001). During the 
current study, Jik (NaOCl 3.85%) was found to be 
effective in sterilizing cassava leaf explants from 
greenhouse. The recorded highest (94%) number of 
clean explants was obtained when 2% Jik was used for 
15 min. Similar results of high numbers of clean explants 
(100%) with greenhouse grown cassava leaf explants 
was reported by Magaia (2015) who used 0.1% HgCl2 
solutions. However, mercuric chloride is known to be 
highly toxic and may not be recommended for routine 
sterilization. The results of the current study concur with 
those of Guma et al. (2015) who reported high 
percentage (83%) of  clean  explants  when  greenhouse- 

grown leaf explants of anchote (Coccinia abyssinica) 
were exposed to 5% Jik for 10 min. Moreover, Jik was 
also found to be effective in sterilizing coffee leaf explants 
from the greenhouse (Lubabali, 2015). 
 
 
Effects of different concentrations of cytokinins and 
auxins for regenerating plantlets through somatic 
embryogenesis 
 
Cytokinins are known to stimulate cells and, as such, 
they are also suitable candidates for induction of somatic 
embryogenesis and caulogenesis (Deo et al., 2010). For 
example, thidiazuron (TDZ) has been reported to 
stimulate in vitro somatic embryogenesis (Srangsam and 
Kanchanapoom, 2003; Mithila et al., 2003; Lin et al., 
2004; Chen and Chang, 2006; Mahendran and Bai, 2016; 
Mose et al., 2017). Cytokinins have been reported to 
induce callus formation in cassava (Faye et al., 2015; 
Mongomake et al., 2015) and in Vitex doniana (Dadjo et 
al., 2015). It was observed during the current study that 
all cytokinins failed to induce direct embryos from 
greenhouse leaf explants in all cassava cultivars. Instead, 
they produced callus and TDZ at 1.5 µM induced the 
highest callus percentage (98 to 99%) in all cultivars. The 
results of the current study also concur to those of Faye 
et al. (2015)  and  Mongomake et al. (2015) who reported 
callus formation with MS media supplemented with 
cytokinins in some cassava cultivars and also with  Dadjo 
et al. (2015) who reported callus formation from Vitex 
doniana leaf explants cultured on media supplemented 
with cytokinins. The present report is however, contrary 
to that of Mongomake et al., (2015) who reported that 
medium supplemented with TDZ did not induce callus in 
some cassava cultivars. This could be probably due to 
the  different  genetic  makeup.  The  current  observation  
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Figure 3: Effect of different 2, 4-D concentrations (µM) on callus formation from leaf 
explants: a - Agric-rouge, b - Atinwewe, and c - Agblehoundo cultivars after one month 
of culture. *Means followed by the same letter are not significantly different at P≤0.05. 
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Figure 5. SSR banding pattern with primer NS169 in both induced calli (D1, D2, D3, T1, T2, and D3) and 
greenhouse-grown mother plants of agric-rouge (C1), atinwewe (C2), and agblehoundo (C3). D1, D2, and D3 
were induced from leaf explants of C1, C2, and C3 cultured on 2,4- D media and T1, T2, and T3 were induced 
from leaf explants cultured of C1, C2, and C3 on TDZ media.   

 
 
 

 
 

Figure 6. SCAR banding pattern with primer RME1 in both induced calli (D1, D2, D3, T1, T2, and D3) and 
greenhouse-grown mother plants of agric-rouge (C1), atinwewe (C2), and agblehoundo (C3). D1, D2, and 
D3 were induced from leaf explants of C1, C2, and C3 cultured on 2, 4-D media and T1, T2, and T3 were 
induced from leaf explants cultured of C1, C2, and C3 on TDZ media    

 
 
 
concurs with Mongomake et al. (2015) and Faye et al. 
(2015) who reported that BAP produced better callus 
frequencies than kinetin in cassava. 

The results of the current investigation revealed that 
auxin 2, 4-D at the range of 2 to 30 µM failed to induce 
somatic embryos from greenhouse- grown cassava leaf 
explants in all cultivars. These results are contrary to 
reports indicating that Murashige and Skoog medium 
supplemented with 2, 4-D was effective in induction of 
somatic embryos from young leaf lobes of in vitro grown 
shoots of cassava (Mathews et al., 1993; Ma and Xu, 
2002; Le et al., 2007; Vidal et  al.,  2014;  Mongomake  et 

al., 2015). It was observed that 2, 4-D was highly efficient 
in inducing callus and all concentrations used in this 
study produced the 100% frequency of callus in the 
cultivars after ten days. Similar observations were made 
by  Danso (1997), Fletcher et al. (2011) and Isah et al., 
(2018) who reported that 2, 4-D failed to induce direct 
embryos from greenhouse cassava leaf explants but it 
was best for callus formation. The results of the current 
study were similar to that of Phua et al. (2016) and Fathil 
et al. (2017), who reported that 2, 4-D at low (0.25 - 1 
mg/L) concentrations produced 100% callus in 
Clinacanthus nutans and in  Citrus  suhuiensis.  Similarly, 
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Castro et al. (2016) reported in Byrsonima verbascifolia a 
maximal callus induction (100%) using 2, 4-D combined 
with BAP. The callus induced during the current study did 
not form embryos when subcultured on GA3 

supplemented medium and hormone free-medium. 
Bronsema et al. (1997) made similar observation while 
working with maize. These observations concurs to those 
of Danso (1997), who reported in cassava that root 
development occurred when calli derived from in vitro 
explants were transferred to the embryos induction 
medium. Some attempts have been carried out in certain 
species to associate the endogenous hormone levels of 
explants and cultures derived from them with their 
regeneration competence (Sasaki et al., 1994; Hess and 
Carman, 1998; Jiménez and Bangerth, 2001). The effect 
of any particular exogenously applied growth hormone is 
influenced by a variety of other factors in the internal 
environment of the plant, especially other hormones in 
the plant (Onwubiku, 2007; Preece, 1987). The fact that 
the induced calli were not able to produced embryos in 
current study could indicate that the endogenous levels of 
both cytokinins and auxins in these cassava varieties 
might be adequate. Hence, exogenous application led to 
supra-optimal amounts which may induce some inhibitory 
effects.  

 
 
Effect of growth regulators on the CMD2 conformity 
in of the induced calli 

 
During the current study, it was possible to isolate 
somaclonal variants through callus phase based on the 
CMD2 resistant gene in cassava. SSR primer revealed 
the loss of the resistant gene (319 bp) in callus induced 
from 2, 4-D media in cultivars agric-rouge and 
agblehoundo and in callus induced from TDZ medium in 
agblehoundo. These results concur with those of Beyene 
et al. (2016) and Chauhan et al. (2018) who reported the 
loss of CMD2 resistant gene after regenerating the entire 
cassava plants. Findings confirm the usefulness of SSR 
markers in the analysis of conformity of induced calli, 
similar to works on crops such as caladium tissue culture-
derived plants by Cao et al. (2016).  Similarly, Sharma et 
al. (2015) in Stevia rebaudiana showed genetic variation 
among the mother plants and callus induced from 2,4-D 
medium. This study showed that the loss of CMD2 
resistance gene at the callus stage is genotype depended 
since the 319 bp fragment was present callus induced 
from Atinwewe cultivar while it was absent in others. This 
is most apparent in crops under in vitro culture where the 
amount of growth regulator is extensive. On the other 
hand, SCAR primer showed the presence of the resistant 
fragment (700 bp) in the induced calli from both 2, 4-D 
and TDZ media in cultivar agblehoundo which was similar 
to their mother. As in this study, SCAR marker was 
developed by Paran and Michelmore (1993) for downy 
mildew resistance genes in lettuce.  SCARs  may  identify 
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polymorphisms that are less accessible by other 
techniques. The efficiency of SCAR marker in the current 
study has been proved for authentication of traits in 
various biological systems vis-à-vis Sorghum halepense 
by Zhang et al. (2013) and in Pennisetum glaucum by 
Jogaiah et al. (2014). It was then concluded that the used 
of exogenous hormones such as 2, 4-D and TDZ caused 
the loss of the resistant fragments (319 bp) alone in the 
induced callus from Atinwewe cultivar while the second 
fragment was retained.  Furthermore, the protocol 
established here may be of interest to detect and 
eliminate variants at early stages to minimize loss later 
after regenerating the whole plant (Radhakrishnan and 
Ranjitha, 2008; Roels et al., 2005). This preliminary study 
may open up new perspectives for implementing a 
biotechnological genetic improvement program for these 
cassava cultivars to other diseases.   
   
 

Conclusion 
 

In conclusion, the optimum Jik (3.85% NaOCl) 
concentration for sterilization of leaf explants was 
established to be 2% exposed for 15 min. The growth 
regulator 2,4-dichlorophenoxy acetic acid (2, 4-D) proved 
to be the best for callus formation with the optimum 
concentration of 2 µM for all cultivars. Furthermore, 
according to the cultivars, SSR and SCARS primers 
revealed either presence or absence of the CMD2 
resistance gene in the induced calli compared to the 
mother plant.  
 
 

Recommendation 
 

Further investigation should be carried out to establish 
the optimal growth regulators for regenerating plantlets 
from the callus induced from the leaf explants of the three 
elite cassava cultivars.   
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