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Abstract

Background: Cassava is a staple food for over 800 million people globally providing a cheap source of
carbohydrate. However, the cultivation of cassava in the country is facing to viral diseases, particularly cassava
mosaic disease (CMD) which can cause up to 95% yield losses. With aim to supply farmers demand for clean
planting materials, there is need to accelerate the production of the elite cultivars by use of tissue culture in order
to cope with the demand.

Methods: Nodal explants harvested from the greenhouse grown plants were sterilised using different
concentrations of a commercial bleach JIK (3.85% NaOCl) and varying time intervals. Microshoots induction was
evaluated using thidiazuron (TDZ), benzyl amino purine (BAP), and kinetin. Rooting was evaluated using different
auxins (Naphthalene acetic acid NAA and Indole-3-butyricacid IBA). PCR-based SSR and SCAR markers were used to
verify the presence of CMD2 gene in the regenerated plantlets.

Results: The highest level of sterility in explants (90%) was obtained when 20% Jik was used for 15 min. The best
cytokinin for microshoots regeneration was found to be kinetin with optimum concentrations of 5, 10 and 20 μM
for Agric-rouge, Atinwewe, and Agblehoundo respectively. Medium without growth regulators was the best for
rooting the three cultivars. A survival rate of 100, 98, and 98% was recorded in the greenhouse for Agric-rouge,
Atinwewe, and Agblehoundo respectively and the plantlets appeared to be morphologically normal. The SSR and
SCAR analysis of micropropagated plants showed a profile similar to that of the mother plants indicating that the
regenerated plantlets retained the CMD2 gene after passing through in vitro culture, as expected with
micropropagation.

Conclusion: The nodal explants was established to be 20% of Jik (3.85% NaOCl) with an exposure time of 15 min.
Kinetin was proved to be the best cytokinins for microshoot formation with the optimum concentration of 5, 10
and 20 μM for Agric-rouge, Atinwewe, and Agblehoundo respectively. The protocol developed during this study
will be useful for mass propagation of the elite cassava cultivars.
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Background
Cassava (Manihot esculenta Crantz) is a perennial
woody shrub which belongs to the family Euphorbiaceae.
It is a staple food for over 800 million people globally
providing a cheap source of carbohydrates [1]. Cassava
was introduced in West Africa from South America in
1558 (sixteenth century) and into East Africa in the
eighteenth century [2, 3].
Cassava is the second staple food crop after maize in

Benin Republic with 55% of farmers cultivating it [4].
However, the crop has major production constraints
ranging from biotic to abiotic threats. According to Agre
et al. [5] the most reported diseases among farmers
(68%) were viral infections. These diseases have caused
the yield to be much lower (15.55 t per hectare per year)
than the potential global yield of 90 t per hectare per
year [6]. This is attributed to a large extent to the devas-
tating effects of cassava mosaic disease (CMD) causing a
heavy yield loss in cassava [7, 8]. CMD is caused by cas-
sava mosaic begomoviruses (CMBs). To date, the most
successful approach used to control these viruses has
been the introgression of CMD1 which is polygenic re-
cessive resistance locus, from wild cassava to cassava
cultivars, or the use of natural resistant cassava cultivars
from West Africa that contain CMD2 which is dominant
monogenic resistance locus [9]. The control measures
against CMD include rogueing (removal of infected
plants), the use of virus-free planting materials and re-
sistant varieties [10]. Recent research efforts in Benin
have led to the identification of CMD2 resistant cultivars
(Agric-rouge, Atinwewe, and Agblehoundo) [8]. The
availability of these cultivars is a significant contribution
towards the management of CMD causal viruses in
Benin [8]. The propagation of these new cassava culti-
vars is by cuttings. This method is not only limiting in
the numbers of planting materials but is also cumber-
some, and labour intensive. Therefore, there is need to
evaluate alternative propagation methods that are fast
and tissue culture offers a feasible option.
Plant tissue culture as an important tool has been

widely employed in area of agriculture, horticulture, for-
estry and plant breeding. It is an applied biotechnology
used for mass propagation, virus elimination, secondary
metabolite production and in-vitro cloning of plants
[11–13]. Tissue culture depends on the effectiveness of
the sterilization methods used on the explants prior to
culture initiation. All the materials used in the plant tis-
sue culture must be sterilized to kill the microorganisms
that are present by using an appropriate sterilizing
agents. Many protocols have been reported on surface
sterilisation of cassava nodal explants from greenhouse.
For instance, Abd-Alla et al. [14] reported effective
sterilization of cassava nodes using Clorox (contains
5.25% NaOCl) at concentration of 20% for 15 min.
Demeke et al. [15] sterilized cassava nodal explants from
greenhouse by exposing them to 0.1% NaOCl with 1–3
drops of Tween-20 for 10 min, after initial soaking in
70% ethyl alcohol for 1 min while, Magaia, [16] reported
the highest (87%) clean explants when nodal explants
from greenhouse were exposed to 70% ethanol for 1 or
2 min followed by exposure to 0.05% HgCl2 for 2 min or
0.1% HgCl2 for 1 min. During the current study Jik
(3.85% NaOCl) was used at different concentrations and
intervals. Nodal culture is probably one of the safest
methods of micropropagation because it has been shown
to produce true-to-type plants. A range of cytokinins
such as 6-benzylaminopurine (BAP), thidiazuron (TDZ),
zeatin, and kinetin has been efficiently tested in cassava
micropropagation to induced shoot regeneration. For in-
stance, it has been reported that MS media supple-
mented with 10mg/L BAP induced multiple-shoots with
highest (25 shoots) mean number of shoots [17]. On the
other hand, Mapayi et al. [18] reported that full MS [19]
medium supplemented with NAA: 0.01 mg/L and BAP:
0.05 mg/L regenerated 100% plantlets. Kinetin also has
been used at 0.75 mg/L to induce an average of 7.30
microshoots/ explant [15]. Auxins play a crucial role in
rooting regenerated microshoots [11]. In cassava, rooting
of in vitro derived microshoots has been reported by
many authors. Mapayi et al. [18] reported that NAA
(0.01–10 mg/L) as the most widely used and effective in
cassava. Medina et al. [20] also reported that 0.54 mM
NAA was most effective in stimulating root formation.
Demeke et al. [15] used 0.5 mg/L NAA and reported the
production of 6.14 roots within 4 weeks while Cacaï
et al. [11] used 0.1 mg/L NAA and reported the produc-
tion of 5.2 roots. On the other hand, Tadu, [21] reported
that IAA at 0.02 mg/L and IBA at 0.04 mg/L were the
best for rooting short maturing cassava genotypes and
0.06 mg/L IBA was the best for long maturing genotypes.
It has been generally reported that MS medium without
exogenous auxins has been proved to be best in cassava
microshoots rooting [22, 23]. During the current study,
IBA and NAA at different concentrations (0, 5, 10, 20
and 25 μM) were evaluated for their effectiveness to in-
duce roots.
The plantlets derived from tissue culture may some-

times present a variation or lose CMD2- mediated resist-
ance [24, 25]. The appropriate procedures for preventing
its occurrence and the development of early detection
methods are important factors for ensuring uniformity
in the production of micropropagated plantlets. One of
the early detection methods is the molecular detection
based on the use of molecular markers, which are part
of the genome, thus excludes both environmental effects
and misidentifications. Microsatellite-based marker tech-
niques such as Simple Sequence Repeat (SSR) and
Sequence-Characterized Amplified Region (SCAR)
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markers have successfully been used in detection of
CMD2 resistant gene in cassava [8, 26]. The objectives
of the current work was to establish a feasible in vitro
protocol for propagating the three resistant cassava cul-
tivars by determining the optimal sterilization technique
for cassava nodal explants, then the effect of cytokinins
(TDZ, kinetin, and BAP) on microshoots induction and
the effect of auxins (NAA and IBA) concentrations on
microshoots rooting, and also to assess the conformity
of the regenerated plantlets using SSR and SCAR
markers.

Results
Effect of JIK (3.85%NaOCl) on surface sterilization of
cassava nodal explants
The results of sterilization of nodal explants from differ-
ent cassava cultivars (S1 Table) are summarized in
Table 1. The number of contaminated explants in-
creased drastically from day 4 to day 12 following incu-
bation on MS medium. After 12 days, explants of
different cultivars sterilized using 20% Jik for 15 min
gave the highest per cent (90%) clean explants while the
lowest (13.33%) number of clean explants were obtained
using 10% Jik for 15 min. Thus, sterilizing explants using
20% Jik for 15 min was more efficient for different cas-
sava cultivars used.

Effect of cytokinins on microshoots formation
The results of the effects of different cytokinins (Kinetin,
BAP, and TDZ) are shown in Table 2. Generally, it was
observed that 100% explants of all the cultivars evaluated
sprouted within 2–3 days. Microshoots regeneration of
the three cassava cultivars was influenced differently by
Table 1 Effects of different concentrations of commercial
bleach (Jik) on elimination of surface contamination of cassava
nodal explants

Nb of
explants

jik
Concentration
(%)

Exposure
time
(min)

Percent (%) clean explants

After 4
days

After 8
days

After 12
days

60 10 5 80 66.67 13.33

60 10 10 81.67 63.33 13.33

60 10 15 78.33 21.67 13.33

60 10 20 90 78.33 55

60 15 5 91.67 56.67 43.33

60 15 10 93.33 21.67 28.33

60 15 15 100 100 73.33

60 15 20 100 71.67 71.67

60 20 15 100 96.67 90

60 20 20 93.33 91.67 81.67

60 25 15 95 80 80

60 25 20 96.67 91.67 85
the concentrations of the cytokinins used (S1 File).
There was a significant difference (p < 0.001) in all pa-
rameters evaluated (number of shoots and microshoots
length, as well as number of nodes) among all concen-
trations of BAP and kinetin but no difference was ob-
served in the control and TDZ media. The result of the
effects of cytokinins on microshoots formation in Agric-
rouge are presented in Table 2. BAP at 10 μM gave the
highest number of microshoots/explant (3.60 ± 0.03).
While 5 μM kinetin induced the highest shoots length
(6.32 ± 0.01). It was observed that increasing the concen-
tration of both BAP and Kinetin beyond 10 μM signifi-
cantly reduced the number of microshoots /explant and
their lengths. However, TDZ (at all concentrations eval-
uated) did not affect the number of microshoots/ex-
plant. As for the cultivar Atinwewe (Table 2) BAP at
5 μM and 10 μM induced the highest number of micro-
shoots/explant (2.84 ± 0.01 and 2.83 ± 0.01 respectively)
while TDZ at 0.5 μM and 1 μM gave the highest mean
length of 2.44 ± 0.01 cm and 2.33 ± 0.02 cm respectively.
Kinetin at 20 μM induced the highest mean of 3.00 ±
0.89 microshoots per explant in the cultivar Agble-
houndo (Table 2). However, this was not significantly
different from the number (2.90 ± 1.00) of microshoots
produced on the media supplemented with kinetin
10 μM. TDZ at 0.5 μM induced the highest microshoots
mean length of 4.58 ± 0.05 cm. It was observed that the
control and TDZ media produced single shoot while
those cultured on BAP and kinetin media produced
multiple shoots (Fig. 1) (S2 File).

Effect of auxins on roots formations
For all the three cultivars, the number of roots and roots
length were significantly (p ≤ 0.001) affected by both
auxins tested (S3 File). Medium without growth regula-
tors was found to be the best in term of roots induction
(100%) while frequencies of roots induction with media
supplemented with NAA and IBA were 59 and 85% re-
spectively. However, IBA gave the highest mean number
of roots in all cultivars. Roots induction in Agric-rouge
microshoots regenerated from medium supplemented
with kinetin, TDZ and BAP are shown in Table 3.
When the microshoots regenerating from media sup-

plemented with kinetin were subcultured on MS media
supplemented with IBA, they gave the highest (18.83 ±
0.02) mean number of roots on IBA 10 μM. Subculturing
microshoots regenerated from a media supplemented
with TDZ on hormoneless media gave the highest
(3.76 ± 0.05 cm) roots length. It was observed that in-
creasing the concentration of IBA from 10 to 20 μM sig-
nificantly reduced the mean number of roots in
microshoots derived from the media supplemented with
the three cytokinins. The results of induction of roots
from Atinwewe microshoots regenerated from medium
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Fig. 1 Microshoots regenerated from nodal explants a: single shoot on hormone free media; b: multiples shoots on medium supplemented with
kinetin and c multiples shoots with callus at basal part on medium supplemented with BAP
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supplemented with kinetin, TDZ and BAP are shown in
Table 4.
When microshoots regenerated from media supple-

mented with TDZ were subcultured on MS media sup-
plemented with IBA, they gave the highest (17.26 ± 0.03)
mean number of roots on IBA 20 μM and the control
gave the highest (4.65 ± 0.02 cm) mean length. It was ob-
served that increasing the concentration of IBA from 1
to 20 μM increased the mean number of roots in micro-
shoots derived from the media supplemented with TDZ
and kinetin. However, increasing the concentration of
NAA from 5 to 20 μM significantly inhibited the roots
formation and reduced the mean number of roots and
their length. Agblehoundo microshoots regenerated
from media supplemented with kinetin gave the highest
(16.38 ± 0.02 roots per shoot) mean number of roots
when subcultured on media with IBA 20 μM (Table 5).
Subculturing microshoots regenerated from TDZ sup-

plemented media on IBA 5 μM gave the highest (2.30 ±
0.03 cm) roots length. It was observed that increasing
Table 3 Effect of auxins on rooting of microshoots regenerated from
Agric-rouge after 2 weeks

Auxins conc.
(μM)

Nb. of
microshoot

TDZ Kin

Number of roots Roots length (cm) Num

0 30 3.58 ± 0.02b 3.76 ± 0.05a 3.62

IBA- 1 30 1.21 ± 0.01ef 0.33 ± 0.02f 2.52

IBA-5 30 2.62 ± 0.03c 1.34 ± 0.02c 5.23

IBA-10 30 4.81 ± 0.02a 2.96 ± 0.03b 18.8

IBA-20 30 1.51 ± 0.02e 0.54 ± 0.02d 14.8

NAA-1 30 2.01 ± 0.03d 0.61 ± 0.02d 2.34

NAA-5 30 1.05 ± 0.05f 0.12 ± 0.02f 1.82

NAA-10 30 1.14 ± 0.04f 0.31 ± 0.02e 1.76

NAA-20 30 1.24 ± 0.34ef 0.15 ± 0.04f 4.03

*Means followed by the same letter are not significantly different at P ≤ 0.05
the concentration of IBA from 1 to 20 μM significantly
increased the mean number of roots in microshoots de-
rived from the media supplemented with the three cyto-
kinins. In the converse, increasing the concentration of
NAA from 5 to 20 μM significantly inhibited the roots
formation. The roots obtained in shoots subcultured on
the control were few and more elongated while the roots
derived from microshoots subcultured on IBA media
were many and shorter (Fig. 2).

Acclimatization
The survival rate of the in vitro plantlets in the green-
house was in the range of 98–100%. No morphological
differences between regenerated and mother plants were
observed in Fig. 3.

Molecular assessment of similarity in plants derived from
micropropagation
At the end of the hardening, an initial molecular analysis
was conducted on the regenerated plants and the donor
media supplemented with TDZ, kinetin, and BAP in cultivar

etin BAP

ber of roots Roots length (cm) Number of
roots

Roots length (cm)

± 0.02d 2.17 ± 0.02b 2.63 ± 0.0h 1.21 ± 0.03c

± 0.03e 1.28 ± 0.01e 3.27 ± 0.02f 0.98 ± 0.03d

± 0.03c 1.48 ± 0.03d 4.22 ± 0.02d 0.83 ± 0.02e

3 ± 0.02a 1.83 ± 0.02c 13.16 ± 0.03a 1.80 ± 0.02b

8 ± 0.02b 2.30 ± 0.03a 10.46 ± 0.02b 2.26 ± 0.03a

± 0.52e 0.42 ± 0.03g 3.40 ± 0.02e 0.78 ± 0.05e

± 0.02f 0.92 ± 0.02f 5.32 ± 0.03c 0.85 ± 0.03e

± 0.03f 0.39 ± 0.10g 2.66 ± 0.03h 0.42 ± 0.04g

± 0.04d 1.34 ± 0.02e 2.85 ± 0.04g 0.58 ± 0.07f



Table 4 Effect of auxins on rooting of microshoots regenerated from media supplemented with TDZ, kinetin, and BAP in cultivar
Atinwewe after 2 weeks

Auxins conc.
(μM

Nb. of
microshoot

TDZ Kinetin BAP

Number of roots Roots length (cm) Number of roots Roots length (cm) Number
of roots

Roots length (cm)

0 30 9.03 ± 0.08b 4.65 ± 0.02a 4.87 ± 0.02c 2.16 ± 0.02c 3.88 ± 0.02d 2.56 ± 0.03a

IBA- 1 30 2.27 ± 0.03g 1.42 ± 0.03e 2.23 ± 0.02h 1.28 ± 0.02f 4.05 ± 0.05c 1.25 ± 0.02c

IBA-5 30 8.22 ± 0.03c 1.91 ± 0.02c 4.27 ± 0.02d 2.03 ± 0.05d 7.21 ± 0.03a 0.97 ± 0.02e

IBA-10 30 1.75 ± 0.02h 1.54 ± 0.02d 8.06 ± 0.12b 2.66 ± 0.03a 3.56 ± 0.02e 1.09 ± 0.03d

IBA-20 30 17.26 ± 0.03a 2.69 ± 0.06b 9.24 ± 0.06a 2.34 ± 0.01b 3.82 ± 0.02d 1.06 ± 0.03d

NAA-1 30 2.55 ± 0.05f 0.61 ± 0.03f 2.54 ± 0.05g 1.68 ± 0.02e 2.75 ± 0.02g 0.55 ± 0.02g

NAA-5 30 4.84 ± 0.01d 0.42 ± 0.03g 3.65 ± 0.02e 1.51 ± 0.02e 2.66 ± 0.03g 0.65 ± 0.02f

NAA-10 30 3.81 ± 0.02e 1.45 ± 0.02e 2.34 ± 0.02h 1.18 ± 0.02g 3.45 ± 0.05f 0.93 ± 0.03e

NAA-20 30 2.21 ± 0.02g 0.44 ± 0.02g 3.03 ± 0.03f 1.24 ± 0.02fg 4.75 ± 0.02b 1.38 ± 0.02b

*Means followed by the same letter are not significantly different at P ≤ 0.05
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plants in order to confirm the similarity of micropro-
pagated CMD2 resistant cassava cultivars maintained
in culture over a period of 6 months. Twenty base
pairs of SSR and twenty-one base pairs of SCAR
primers were used for PCR analysis. The SSR primer
generated a total of 319 bp amplification fragments
(CMD2 resistant gene) while SCAR primer generated
a total of 700 bp amplification fragments of the
CMD2 resistant gene. All of the primers produced
monomorphic amplification patterns in the regener-
ated plants, and no differences were found in the
amplification pattern among regenerated plants and
donor plants (Fig. 4). One regenerated plant was
tested with its donor plant as positive control for
each cultivar with three repetitions.

Discussion
The current study was conducted with the aim of opti-
mizing the sterilization of nodal explants and the
in vitro propagation of three mosaic disease resistant
Table 5 Effect of auxins on rooting microshoots regenerated from m
Agblehoundo after 2 weeks

Auxins conc.
(μM)

Nb. of
microshoot

TDZ Kin

Number of roots Roots length (cm) Nu

0 30 2.77 ± 0.02d 1.82 ± 0.02c 4.2

IBA- 1 30 2.57 ± 0.05e 1.86 ± 0.03c 3.5

IBA-5 30 3.00 ± 0.09c 2.30 ± 0.03a 5.9

IBA-10 30 4.75 ± 0.05b 2.14 ± 0.03b 3.4

IBA-20 30 8.75 ± 0.07a 1.55 ± 0.02d 16.

NAA-1 30 2.01 ± 0.023f 1.41 ± 0.02e 2.1

NAA-5 30 2.02 ± 0.02f 1.26 ± 0.02f 2.3

NAA-10 30 1.76 ± 0.03g 1.15 ± 0.05g 3.7

NAA-20 30 1.44 ± 0.01h 0.55 ± 0.02h 2.2

*Means followed by the same letter are not significantly different at P ≤ 0.05
cassava cultivars from Benin. Nodal explants are the
most difficult to sterilize during tissue culture and des-
pite using high concentrations of sterilizing agents such
as Parazone, Domestos, and Jik, they have been found to
be ineffective resulting in many cases 100% contamin-
ation [27]. During the current study, exposing the nodal
explants to 20% Jik (3.85% NaOCl) for 15 min gave the
highest (90%) clean explants. These results concur with
those of Maruthi et al. [28] who reported high percent
(80–90%) clean explants when a commercial bleach (5%
pure sodium hypochlorite) was used on some cassava
cultivars. It also corroborates with the results of Waweru
et al. [29] who reported that the highest proportion
(92%) of clean explants was obtained when the Cypho-
mandra betacea nodal explants were exposed to 15% Jik
for 20 min. Magaia, [16] while working on cassava nodal
explants reported high (87%) numbers of clean explants
when the explants were exposed twice to HgCl2 solution:
0.05% HgCl2 for 2 min followed by exposure to 0.1%
HgCl2 for 1 min. However, HgCl2 solution is highly toxic
edia supplemented with TDZ, kinetin, and BAP in cultivar

etin BAP

mber of roots Roots length (cm) Number of
roots

Roots length (cm)

6 ± 0.01c 0.91 ± 0.10c 2.43 ± 0.03g 0.42 ± 0.03d

5 ± 0.02f 1.09 ± 0.10b 2.91 ± 0.03e 0.30 ± 0.04e

7 ± 0.08b 0.76 ± 0.01cd 3.19 ± 0.03d 0.39 ± 0.02d

3 ± 0.01e 0.54 ± 0.02e 4.14 ± 0.03c 0.75 ± 0.02b

38 ± 0.02a 1.94 ± 0.03a 7.05 ± 0.05a 0.99 ± 0.04a

7 ± 0.02h 0.53 ± 0.04e 2.60 ± 0.03f 0.78 ± 0.03b

5 ± 0.03g 0.64 ± 0.06de 4.46 ± 0.02b 0.60 ± 0.03c

5 ± 0.06d 0.61 ± 0.08de 2.90 ± 0.02e 0.38 ± 0.03de

5 ± 0.02gh 0.55 ± 0.02e 2.34 ± 0.03h 0.43 ± 0.04d



Fig. 2 In vitro rooting: a- Roots formation after 2 weeks; b- Plantlets rooting on plain media after 4 weeks; c-Roots of plantlets on IBA
after 4 weeks
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and it is therefore recommended for frequent use in
sterilization procedure.
Growth regulators especially cytokinins are one of the

most important factors affecting the regeneration of
microshoots [30–33]. Kinetin, BAP, TDZ and Zeatin
have been used in cassava micropropagation [17, 34–36].
However, the most commonly used cytokinin to induce
shoots in cassava is either BAP alone or in combination
with NAA [11, 34, 37]. Results in the current study
showed that the regeneration of microshoots from cas-
sava nodal explants in the different cultivars depends on
the type of cytokinins and the concentration. BAP was
found to be the best cytokinins for microshoot regener-
ation in Agric-rouge and Atinwewe while kinetin was
the best in Agblehoundo. It was also observed that the
response depended on the concentration of the cytoki-
nin for each cultivar. The results in Agblehoundo concur
with those of Konan et al. [17] and Faye et al. [34] who
found that kinetin gave better results than BAP in
Fig. 3 Plantlets after one month in the greenhouse
regenerating cassava microshoots from nodal explants.
Kinetin has also been found to be superior than other
cytokinins in Tacca leontopetaloides [38]. The results of
the current study are contrary to those of Opabode et al.
[39] who reported that BAP alone was best in cassava
shoots induction. The combination of two cytokinins
has also been found to be effective on some varieties of
cassava. For example, Sukmadjaja and Widhiastuti [40]
reported that the highest number of shoots from three
elite cassava cultivars were obtained on media supple-
mented with a combination of BAP and TDZ. While
working on two Ethiopian varieties of cassava, Demeke
et al. [15] reported varietal differences in shoots forma-
tion when nodal explants were cultured on MS medium
supplemented with BAP and kinetin. During the present
study, it was observed that the multiple shoots regener-
ated from media supplemented with BAP were stunted
compared to those obtained with kinetin. Onwubiku,
[41] made similar observation and he reported that BAP



Fig. 4 a- SSR banding patterns with primers NS169 and b- SCAR banding patterns with primers RME1 in both micropropagated and greenhouse-
grown mother plants Legend: C1: Mother plant of Agric-rouge (positive control); C2: Mother plant of Atinwewe (positive control); C3: Mother
plant of Agblehoundo (positive control); R1: Regenerated plant of Agric-rouge; R2: Regenerated plant of Atinwewe; R3: Regenerated plant of
Agblehoundo; Blank (master mix without DNA): Negative control; L: Loader. The primer NS169 amplified 319 base pairs of CMD2 gene sequence
and the primer RME1 amplified 700 base pairs of CMD2 gene sequence
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considerably inhibited the performance (microshoots
length, number of nodes, number of leaves) of two cas-
sava varieties and Kirika et al. [42] also made the same
observation while working with Erythrina abyssinica. In
another study, combining BAP and NAA gave the best
shoot elongation in some cassava varieties [43]. From
the results of the current study, it can be deduced that
kinetin would be a preferred cytokinin compared to BAP
for inducing microshoots in the new cultivars since it
produced multiple shoots that were elongated which
could be easily subdivided for further multiplication.
Auxins are important factors involved in rooting be-

cause they promote adventitious roots formation in the
vast majority of species [44]. During the current study,
IBA was found to be better than NAA in rooting the
microshoots from the 3 elite cassava cultivars. The re-
sults of this study are similar to those of Kabir et al. [35]
who reported that cassava microshoots rooted well in
MS media supplemented with IBA compared to NAA
and IAA. The effectiveness of IBA for rooting over other
auxins has also been reported by Naranjo and Fallas [45]
in cassava. Similar observation was made in many other
in vitro cultured plants. For instance, Sadeghi et al. [46]
achieved 100% in vitro rooting of Prunus empyrean in
MS medium with IBA and Singh et al. [47] reported IBA
as the best auxin for rooting in Santalum album. The
results of the study being reported are contrary to the
observations made by Shiji et al. [43] and Opabode [36]
who found NAA to be the best for rooting in cassava. A
possible explanation for these differences could be the
genetic makeup of the cultivars evaluated. It was also
observed that 100% rooting occurred in microshoots cul-
tured in the media devoid of any growth regulator. Simi-
lar observation was made by Faye et al. [34] and Yandia
et al. [23] while they were working on various cassava
cultivars. Rooting in medium without growth regulators
have been reported in Yucca glauca [48] and Gentiana
dinarica Beck plant [49]. A possible explanation could
be that there is high level of endogenous auxins.
The SSR and SCAR analysis of micropropagated plants

of cassava (Agric-rouge, Atinwewe, and Agblehoundo)
showed a profile similar to that of the mother plants in-
dicating that no variation had occurred in vitro. Through
PCR amplification, SSR primer generated 319 bp ampli-
cons which is a portion of the CMD2 resistance gene
carried by the three local cultivars while a DNA frag-
ment of 700 bp size generated by SCAR generated 700
bp is carried by the local cultivar Agblehoundo alone.
This result concurs with the work reported by Houngue
et al. [8] where they detected the CMD2 gene using the
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same primers as those used in this study. It is generally
known that plantlets regenerated through nodal culture
have lower risk of genetic instability. The present study
provides the information on the conformity of micropro-
pagated CMD2 resistant cassava cultivars with mother
plants using SSR and SCAR analysis. Micropropagation
has an advantage over somatic embryogenesis in that it
is thought to reduce the potential for undesirable vari-
ants among the regenerated plants, whereas in somatic
embryogenesis the risk of genetic instability is high. For
instance, Beyene et al. [25] reported that using somatic
embryogenesis led to 100% loss of resistance to gemini-
virus pathogens of the regenerated CMD2 plants. How-
ever, the plantlets were otherwise phenotypically
indistinguishable from the CMD-resistant mother
plants from which they were derived. Similarly, Chau-
han et al. [50] showed that multiple morphogenic cul-
ture systems cause loss of resistance to cassava
mosaic disease. In their study, they found that 25–
36% and 5–10% of regenerated plant lines lost resist-
ance to CMD respectively.

Conclusions
A simple two-step regeneration method for propagat-
ing the new cassava cultivars was developed. The
optimum Jik (3.85% NaOCl) concentration for
sterilization of nodal explants was established to be
20% and an exposure time of 15 min. Kinetin proved
to be the best cytokinins for microshoots formation
with the optimum concentration of 5, 10 and 20 μM
for Agric-rouge, Atinwewe, and Agblehoundo respect-
ively. Medium without growth regulators was best for
rooting the regenerated microshoots in all the 3 culti-
vars. Furthermore, SSR and SCAR primers confirmed
the presence of the CMD2 gene in regenerated plants
through nodal culture similar to the mother plants.
The three resistant cultivars used in this study are
implicated in CMD management in West and Central
Africa through West Afican Virus Epidemiology
programme. The developed protocol will go a long
way in providing farmers with the much-needed re-
sistant cassava planting materials of the new cultivars
for controlling the disease.

Methods
Plant materials
Cassava cuttings of the three CMD2 resistant cultivars
(Agric-rouge, Atinwewe, and Agblehoundo) were
collected from University of Abomey-Calavi in Central
Laboratory of Biotechnology and Plant breeding Gemo-
plasm in Benin and transported to Coffee Research Insti-
tute (CRI) in Ruiru-Kenya where the tissue culture
studies were carried out. The cuttings were certified by
‘Plant Protection Organization of Benin’ on N° 0054994/
19/SPVCP/PCP/AE-B (S4 File) before sent to the Coffee
Research Institute (CRI) in Kenya. The 20-cm-long cut-
tings were planted as four to five stems in 10-L boat
filled with sterile soil/manure mixture (1,1 v/v) (S5 File).
The boat were irrigated to field capacity once per day
until sprouting, and twice per week thereafter; cuttings
were grown in a greenhouse maintained at 28 °C, with
relative humidity > 60%, and natural lighting with an ap-
proximate light/dark cycle of 12/12 h at Coffee Research
Institute (CRI) in Kenya.

Explants sterilization
Nodal explants from 4 weeks old stem cuttings were
harvested from each of three cassava cultivars (Agric-
rouge, Atinwewe, and Agblehoundo) and transported
from the greenhouse to the laboratory in a beaker con-
taining tap water. Once in the laboratory, they were
cleaned with cotton wool contained liquid soap to re-
move any surface debris and rinsed with tap water.
Twenty nodal explants from different cassava cultivars
were then sterilized in different treatment condition (Jik
concentration and Exposure time) under the lamina flow
hood using 10, 15, 20, and 25% v/v commercial bleach
Jik (3.85% NaOCl) for 5, 10, 15, and 20min. In total,
twelve treatment conditions have been used. After ex-
posure to the sterilant, the explants were rinsed two
times in sterile distilled water and thereafter quickly (30
s) immersed in 70% (v/v) ethanol and finally rinsing four
times in sterile distilled water. The nodal explants were
trimmed and cultured individually in test tubes (15 cm
by 3 cm) containing hormone free MS media. They were
then incubated in a growth room maintained at a
temperature regime of 25 ± 2 °C provided by with cool
white fluorescent light intensity of 33 μmol. m− 2.s− 1 and
16 h photoperiod. Data on the percent clean explants
were collected after 4, 8, and 12 days. This was calcu-
lated as total number of contaminated explants / total
number of explants × 100.

Microshoots induction and culture conditions
Nodal explants from plantlets of different cassava cul-
tivars initially obtained were cultured on MS medium
[19] basal salts supplemented with 3% (w/v) sucrose,
100 mg/l myo-inositol, BAP, kinetin evaluated at
5 μM, 10 μM, and 20 μM and TDZ at 0.1 μM, 0.5 μM,
1 μM, and 1.5 μM in separate experiments. The con-
trol was devoid of hormones. In total, thirty nodal ex-
plants of each cultivar were cultured on eleven MS
media different by the concentration of cytokinins.
The pH of the media was adjusted to 5.8 using 0.1 M
HCl or 0.1 M NaOH, and the media was gelled with
0.3% phytagel. The media were dispensed in 20 mL al-
iquots into culture vessels and then autoclaved at
1.06 kg•cm-2 and 121 °C for 15 min. The number of



Fig. 5 Plantlets from the lab after washing off the agar
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microshoots/ explant, microshoots length, and num-
ber of nodes /microshoot were scored in each shoot-
ing condition.
Roots induction and culture condition
Rooting of the microshoots was evaluated using half-
strength MS media supplemented with 2% (w/v) sucrose,
100 mg/l myo-inositol, NAA and IBA evaluated at 1, 5,
10 and 20 μM in separate experiments. The control was
devoid of hormone. In total, thirty microshoots of each
cultivar regenerated from MS media supplemented with
cytokinins were subcultured on ten half-strength MS
media different by the concentration of auxins with pH =
5.8. The number of roots and roots length were scored
in each rooting condition.
Fig. 6 Plantlets transplanted in plastic pots filled with soil mixture (soil: san
Plantlets establishment in greenhouse
The regenerated plantlets with well-developed roots
were carefully removed from the culture tubes washed
with tap water to remove agar (Fig. 5). They were
then dipped in 2% fungicide (green copper) for 1 h.
They were then placed in plastic pots filled with sub-
strate composed of soil: sand: manure in the ratio of
3:2:1 (Fig. 6). The containers were covered to main-
tain high relative humidity. The humidity was reduced
gradually by opening the top of the pots after 2
weeks (Fig. 7) (S6 File).
Assessment of the presence CMD2 gene in plantlets
The molecular analysis work was done in the Molecular
Biology and Biotechnology laboratories of CRI and Pan
d: manure in the ratio of 3:2:1)



Fig. 7 a - Covered weaning pots; b - Partially opened pots for reduction of humidity
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African University of Basic Sciences, Technology and
Innovation (PAUSTI), Kenya.

DNA extraction and quantification
Young leaves were picked from cassava plants in
greenhouse, both mother plants and acclimatized
plantlets, and DNA was extracted from the plantlets
and the mother plants according to the method de-
scribed by Diniz et al. [51]. DNA quality and quantity
were determined with Genova Spectrophotometer
(Model 7415 Nano, Vacutec, South Africa) and qual-
ity was also assessed on 1% (w/v) agarose gel. The ex-
tracted DNA samples were stored at − 20 °C for SSR
and SCAR analysis.

Polymerase chain reaction (PCR) for scoring CMD2
resistant gene
During the current study, PCR-based SSR and SCAR
markers as described by Houngue et al. [8] were used to
verify the presence of CMD2 gene in the regenerated
plantlets. The mother plants were used as the positive
control. The characteristics of the primers used are
shown in Table 6. The SSR and SCAR analysis were per-
formed as described by Omingo et al. [52]. DNA sam-
ples were diluted to10 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), 1 μl of SSR (10 μM) reverse primer
and 1 μl of forward primer, 0.2 μl of Taq polymerase 5u
Table 6 Specific SSR and SCAR primers used for detection of CMD2
plantlets

Primer code Marker system Forward primer sequence Reverse pri

NS169 SSR GTGCGAAATGGAAATCAATG GCCTTCTCA

RME1 SCAR AGAAGAGGGTAGGAGTTATGT ATGTTAATG
/ μl. The 25 μl PCR volume was incubated in a thermo-
cycler (Model FFG02HSD, made in UK) set for the fol-
lowing amplification conditions: One cycle at 95 °C for
5 min, 35 cycles of denaturation at 94 °C for 1 min, an-
nealing at 55 °C for one and half minutes, extension at
72 °C for 10 min and was held 4 °C. The amplified prod-
ucts were electrophoresed in 2.3% agarose gel and then
visualized in a UV trans-illuminator (Model M-26, Up-
land, CA 91786 U.S.A) after staining in ethidium brom-
ide 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 (Re-
sistance gene) in the regenerated plantlets compared
with mother plants. The reactions were repeated at least
twice, and only distinct, reproducible, polymorphic and
well-resolved bands across all runs were considered for
analysis.
Experimental design and data analysis
All experiments on both shoot and root induction were
laid out in completely randomized design (CRD) with 10
replicates per treatment and the experiment repeated
three times. The data was subjected to one-way analysis
of variance and the significant differences between treat-
ments means were assed using MINITAB version 19
software and Tukey analysis at 5% level were performed
to assess difference between means.
resistant gene in cassava mother plants and regenerated

mer sequence Expected sequence length (bp) Annealing
Temperature (°C)

GCATATGGAGC 319 55

TAATGAAAGAGC 700 55
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