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Summary
The regeneration and ~ytogenetic analysis of 7 cassava (Manihot esculenta Crantz) cultivars obtained by organogenesis and somatic embryogenesis were investigated. In the first phase,
callus formation was induced in young leaves using MS medium supplemented with 1.0, 5.0, 10.0,
15.0 and 20.0mg/l of2,4-D or without a growth regulator (control). In the second phase (development), the calli obtained in the above treatments were transferred to MS medi um supplemented with
factorial combinations of GA3 and BAP at O, 0.5, 1.0, 1.5 and 2.0 mg/l. Results of the first phase
showed that 2,4-D induced the formation of both friable and compact calli. The compact calli displayed root and shoot formation, whilst somatic embryos were obtained only from friable calli in the
medi um with 1.0 mg/l GA3. Plants obtained from somatic embryos were regenerated in MS medi um
supplemented with 0.04 mg/l BAP, 0.02 mg!l NAA and 0.05 mg!l GA3• Cytogenetic analysis in 167
regenerated plants from somatic embryogenesis and 176 from organogenesis showed 2n=36 as a
normal diploid chromosome number.

Cassava is the most important cultivated species in the tropics and subtropics, with thousands
of accessions and cultivars. Cassava roots are rich in carbohydrates and have been used mainly in
the production of flour for human consumption in developing countries, where calorific deficiencies
and malnutrition are widespread (Fukuda et al. 1996).
ln recent years, micropropagation
techniques have been used for the multiplication of
pathogen-free and more productive materiais. Among these techniques, shoot regeneration and
organogenic callus culture are the most significant for inducing plant formation from petioles, roots
and nodal segments (Eskes et al. 1974, Parke 1978, Tilquin 1979, Roca 1984, Smith et ai. 1986,
Oliveira et al. 2000). Somatic embryos of cassava have also been induced from immature leaves of
plants propagated in vitro and from shoot tips (Szabados et al. 1987, Matsumoto et ai. 1991). In
cassava, this technique is a process that can offer important possibilities, not only for genotype
propagation but as a tool for genetic improvement associated with cellular and molecular genetic
methods (Vasil 1996).
On the other hane!, plant cell and tissue cultures undergo genetic erosions and show changes of
various types, especially in chromosome numbers and ploidy levei (Bajaj 1990, Choi et al. 2000).
Manihot esculenta is considered as a species of allotetraploid origin with 2n = 36 and base chromosome number x=9 (Perry 1943). The occurrence of both spontaneous and induced polyploids has
been reported in some plants (Carvalho et al. 1999, Nassar 2000). However, polyploidy in cassava
does not appear to be very frequent. Hahn et al. (1992), for instance, reported only 1 tetraploid
specimen with 2n = 72 among Ii ,480 plants.
In the present work, the effect of certain growth regulators on plant regeneration obtained from
young leaves of 7 cassava cultivars was studied. The cytological study of regenerated plants was
carried out using conventional techniques, in order to evaluate their chromosome number.
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Material and methods
The cassava (M. esculenta Crantz) MBRA222, MBRA235, MBRA254, Trouxinha, Cachoeirinha, CM955 and Mcol-1468 cultivars were supplied by the in vitro Germplasm Bank of the Agricultural and Livestock Research Institute (IPA) ofPernambuco State, Brazi\.
Axillary multiplication of the material was carried out using nodal segments. The explants
were placed on MS (Murashige and Skoog 1962) medi um containing 20 g/l sucrose, 0.5 mg/l thiamine, 0.04 mg/l BAP (6-benzylaminopurine),
0.02 mg/l NAA (a-naphthaleneacetic
acid),
0.05 mg/l GA3 (gibberellic acid) and 7.5 g/l agar.
Callus induction was carried out using young leaves with lengths varying from 3 to 8 mm. The
leaves were inoculated in MS medium containing 2,4-D (2,4-dichlorophenoxyacetic
acid) at 1.0,
5.0, 10.0, 15.0 and 20.0 mg/\. As a control, MS medium was used without growth regulators. The
calli were transferred to MS medi um, with a factorial combination of GA3 and BAP at O, 0.5, 1.0,
1.5 and 2.0 (mg/!) comprising 25 treatments.
The somatic embryos were germinated in a multiplication medium containing growth regulators in the concentrations described above. The regenerated plants were acclimatized in a substrate
composed by vermiculite, sand and organic matter in the ratio I : I : I.
For mitotic analysis, young root tips in active growth were pre-treated with 8-hydroxyquinoline
(0.002 M) at 8°C for approximately 20 h, fixed in ethanol-acetic acid (3: 1, v/v) for 2-24 h and
stored in a freezer. Root tips were hydrolyzed in 5 N HCI for 20 min at room temperature, squashed
in 45% acetic acid, frozen in liquid nitrogen to remove the coverslip, dried in air, stained in a 2%
Giemsa solution and mounted in Entellan (Merck), according to Guerra (1983). The cells were photographed with Imagelink Kodak HQ ASA 25 film for cytological analysis, and Kodak ASA 400
film for callus culture.
Results and discussion
Ali cassava cultivars formed calli in most of the 2,4-D levels in the first culture stage (induction). A concentration of 1.0 mg/l 2,4-D induced only a limited expansion of the explants and formation of globular structures near the central leaf vein, without callus formation. The other levels
of 2,4-D induced great expansion and formation of globular structures. During the second week of
in vitro culture, ali explants showed callus formation of 2 types: a friable green callus with uniform
arrangement (type CV) and a compact yellow callus with an irregular arrangement (type CA) (Fig.
Ia).
Table I shows the morphogenetic responses of the cassava cultivars to a combination of GA3
and BAP levels used. Only Mcol-1468 and MBRA235 cultivars formed large numbers of somatic
embryos in the culture medium containing 1.0 mg/l GA3. At O, 0.5, 1.5 and 2.0 mg/l GA3, there was
no formation of somatic embryos. In this case, the embryos were formed from CV-type calli (Fig.
Ic), whereas the CA-type calli showed no embryo formation, even though they displayed significant
root regeneration. Multiple shoots were regenerated from MBRA222, MBRA254 Trouxinha, Cachoeirinha and CM955 cultivars, in the medium containing BAP and combinations BAP and GA3
(Fig. Ib).
The formation of different callus types was reported by Jimenez and Bangerth (2001) during
the embryogenic process in carrot (Daucus carota). In this species, translucid cal li did not produce
somatic embryos, while calli composed of preglobular and globular embryos were competent to regenerate somatic embryos. In the case of cassava, there was an embryogenic response only for CV
calli. This result might suggest the occurrence of cells with different susceptibilities in the route
from callus formation to induction and development of somatic embryos. On the other hand, the use
of GA3 incorporated into the somatic embryogenesis process has been reported in severa I species.
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Fig. I. Process of somatic embryo formation of cassava from callus cultures. a) Leaf explant showing
the formation of callus CV type (green) and CA type (yellow). b) Shoot regeneration from callus CA. c)
Somatic embryos (arrows) obtained from callus CV d) Metaphase displaying 2n=36 metacentric to
submetacentric chromosomes. Bars represent I mm in a, b, c, and 51lm in d.

Table I. Morphogenetic responses of the cassava
(Manihot esculenta Crantz) cultivars analysed according
to a facto ria I combination in mg/I, ofGA3 (gibberellic
acid) and BAP (6-benzylaminopurine)

Table 2. List of the cassava (Manihot esculenta Crantz)
cultivars analysed with respective morphogenetic
response, number of regenerated plants and
chromosome numbers

BAP
Callus type

GA3

Cultivar
O

0.5

1.0

1.5

2.0

NR
NR
SE
NR
NR

NR
NR
C
C
C

C
NR
C
C
C

C
C
C
C
C

C
C
C
C
C

NR
NR
R
R
R

NR
NR
NR
R
R

S
S
S
S
R

S
S
S
S
S

S
S
S
S
S

CV
O
0.5
1.0
1.5
2.0
CA
O
0.5
1.0
1.5
2.0

Mcol-1468
MBRA235
MBRA222
MBRA254
Trouxinha
Cachoeirinha
CM955
SE=somatic

Morphogenetic
response

SE
SE
O
O
O
O
O
embryogenesis,

Numberof
regenerated
plants
89
78
34
31
23
54
34

2n

36
36
36
36
36
36
36

O=organogenesis.

NR=not response, SE=somatic embryogenesis, C=
callus growth, S=shoot formation, R=root formation.

In cassava, for example, Matsumoto et a!. (1991) demonstrated the importance of GA3 for somatic
embryogenesis, pointing out 1.0 mg/I as a leveI for obtaining good induction.
Under cytogenetic analysis, all 167 regenerated plants from somatic embryos and 176 from
organogenesis showed 2n=36 chromosomes (Table 2) with metacentric to submetacentric morphology (Fig. ld). In some cases it was not possible to visualize the centromere and secondary constric-
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tion positions due to the small size and degree of chromosome condensation. In general, plant cells
growing in an artificial culture environment have numerous genetic changes, such as increased frequencies of single-gene mutations, chromosome breakages, transposable element activations, quantitative trait variations, and modifications of normal DNA methylation patterns (Banerjee-Chattopadhyay et ai. 1985, Kaeppler and Phillips 1993, Do et aI. 1999). In asparagus, for instance, Kunitake et al. (1998) reported a positive relationship between chromosome variation in embryogenic
calli-derived plants and duration of subculture. In the present work, however, no ploidy variations
were observed in the regenerated plants. The karyological constitution appears to play a role in determining the frequency of variation due to the in vitro culture condition and cassava probably has
karyological stability. Angel et ai. (1996) demonstrated genetic stability by RFLP, RAPD and DNA
fingerprinting in cassava plants cultivated in vitro for 10 years, reinforcing the karyological stability
hypothesis. Another possibility is the absence of endoreduplication of nuclear DNA. During endoreduplication, cells undergo repeated rounds of DNA synthesis without mitosis, resulting in cells
with multiple ploidy levels (endopolyploidy). Explants of a polysomatic nature may influence the
ploidy leveI ofregenerants. Kudo and Kimura (2001), for instance, reported that most of the somatic tissue of cabbage seedlings (Brassica oleracea L.) contains multiple ploidy cells. In this case,
cells with an endoreduplication cycle could generate polyploid plants iftheir competence for regeneration has been maintained. Thus, the high percentage (33%) of tetraploid transformed cabbage
plants reported by Metz et al. (1995) may be due to the hypocotyl explants used for in vitro culture
(Kudo and Kimura 2001). Future directions are necessary for research into the genetic stability of
plants cultivated in vitro. This may be useful in decreasing the occurrence of somaclonal variation
and polyploidization in in vitro cultures.
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