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Abstract

Cassava is an important tuber crop grown in the tropical and subtropical regions. Recently, we
developed protocols for efficient somatic embryogenesis using zygotic embryos and nodal axillary
meristems in order to reduce the genotype effect. Thereafter flow cytophotometry and randomly
amplified polymorphic DNA (RAPD) markers were used to assess the ploidy level and the genetic
fidelity of cassava plants regenerated by somatic embryogenesis. No change in the ploidy level of the
regenerated plants was observed in comparison with the control plants. In the same way, monomorphic
profiles of RAPD were obtained for the different cassava plants regenerated by somatic embryogenesis.
The genetic analysis of calli showed only a few differences. Using two pairs of heterologous
microsatellite primers developed in a wild African grass, a monomorphic pattern was also detected.
Moreover, cultivars of different origins were also analysed using these PCR techniques. Our data from
RAPD and mircosatellite analyses suggested that these techniques can be efficiently used to detect
genetic variations in cassava.

1. INTRODUTION

Cassava (Manihot esculenta L. Crantz), one of the major sources of food in Africa [1], is
generally propagated vegetatively, but efficient in vitro regeneration systems have recently
been developed in order to improve cultivars of cassava via genetic engineering. Somatic
embryogenesis is a routine way to regenerate shoots from various explants [2,3,4], but
regeneration is often described as genotype-dependent. Recently, we developed protocols for
efficient somatic embryogeneiss using mature cotyledons and organogenesis using zygotic
embryos and nodal axillary shoot meristems [5,6], to minimise the genotype dependence.
However, because of somaclonal variations induced by in vitro cultures described in other
species [7,8], it is important to verify the genetic stability of in vitro regenerated plants in
comparison with the mother plant.

Genetic variations can be expressed by variations in the ploidy levels, by structural
changes in chromosomes, by the loss of one or several chromosomes, or by mutations at the
gene level. Alterations in ploidy levels can be detected by karyotypic analyses of metaphase
chromosomes [9] or by flow cytometry analysis [10].

However, chromosomal changes and DNA variations do not always reveal alterations in
individual genes. Isoayme analysis can be used as a method to estimate genetic diversity of
micropropagated plants but within cassava, low polymorphism is detected, and the technique is
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not yet reproducible [11,12,13]. A precise determination of changes in a particular gene
sequence resulting from tissue culture can be obtained by restriction fragment length
polymorphism (RFLP) analysis [14,15,16]. However, this method is time consuming (five to
six days are necessary to undertake the analysis) and is limited to the gene sequence used as
the probe. The random amplified polymorphic DNA (RAPD) analysis, developed by Williams
et al. [17], is a recent method that can be used to verify the genetic integrity of plants
regenerated by in vitro cultures. Advantages of this method are the technical simplicity and the
speed of analysis. Single oligonucleotide primers of arbitrary sequences can be used to detect
RAPD sequences by the polymerase chain reaction (PCR).

In cassava, as almost no molecular genetic knowledge existed prior to this study, we
were interested in verifying the ability of the DNA markers to detect and characterise genetic
variation, induced either in vitro or naturally, in this important crop plant. We also studied the
ploidy level of in vitro regenerated cassava plants and investigated whether DNA molecular
differences existed within the cassava plants regenerated by somatic embryogenesis, when
compared to the parental lines.

2. MATERIALS AND METHODS

2.1. Plant material

In vitro plants were regenerated by somatic embryogenesis from mature cotyledons
according to the method described by Konan et al. [5]. The regenerated plants were
individually indexed, and micropropagated by culturing nodes on an MS medium [18]
supplemented with 3% sucrose. Plants were chosen at random for the ploidy and RAPD
analyses. Callus culture were also initiated from internodes of the regenerated plants on an MS
medium containing 1 mg/L BA, 0.1 mg/1 NAA and 3% sucrose. Cassava plants, obtained from
vegetative propagation of nodes, were kept in the greenhouse and used as controls.

2.2. Flow cytophotometry

For flow cytophotometry, leaves isolated from cassava plants regenerated by somatic
embryogenesis and from greenhouse-grown plants, were chopped with petunia leaves (internal
reference) using razor blades, following the procedure of Brown et al. [10]. The nuclei were
isolated using 0.5 mL of a citric acid (0.1 M) solution containing 0.5% Tween 20. The samples
were filtered through a 30 mm nylon gauze, and their volume adjusted to 1 mL. After an
incubation at room temperature for 20-30 minutes, nuclei were centrifuged (92500 rpm, 5
min.) and resuspended in 0.2 mL of the citric acid / Tween 20 solution to which was added 1
mL of 0.4 M Na2HPO4 solution, pH 9.0 containing 5 mL/L DAPI (4',6-diamidino-2-
phenylindole) for 15 minutes. Flow cytophotometry was performed using a Partec CAII flow
cytometer (Maison-Alfort, France) and 5 x 103 to 104 nuclei were analysed per experiment.
The distribution of nuclei fluorescence is represented as a histogram of DNA content in
arbitrary units.

2.3. DNA amplifications and RAPD conditions

Genomic DNA was extracted from leaf explants of the control plants, each of the in vitro
regenerated plants, and the calli, according to the method of Roy et al [19] using
hexadecyltrimethyl ammonium bromide (CTAB). The DNA was dissolved in TE buffer (10
mM Tris-Cl, 0.1 mM EDTA, pH 8.0) to a concentration of 100 ng/mL measured by a Hitachi
spectrophotometer at a wavelength of 260 nm.
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Twenty arbitrary decamer oligonucleotide primers (Kit OPK, Bioprobe, France) were
used for RAPD analysis (Table I). Amplification reactions were carried out in 25 pi volumes
containing: 75 mM Tris-Cl, pH 9.0; 20 mM (NH^SC; 0.01% Tween 20; 1.5 raM MgCl2; 0.2
mM dNTPs (Eurogentec, Belgium); 0.5 mM primer; 1 unit Taq polymerase (Eurogentec); and
100 ng genomic DNA. The reaction mixture was overlaid with 50 ul mineral oil (Sigma), and
the amplification reactions were perfomed using the Thermojet apparatus (Eurogentec)
programmed for 4 min denaturation at 94°C, followed by 45 cycles of 1 min at 94°C, 1 min
annealing at 35°C, 2 min extension at 72°C, and a final extension cycle at 72°C for 6 min. The
amplification products were analysed by electrophoresis in 2% agarose gels in TBE buffer at
2.5 V/cm, and detected under UV light after staining with ethidium bromide (0.5 mg/ml). All
amplification reactions were repeated at least twice.

In addition to these RAPD primers, two pairs of primers designed for microsatellites of a
wild African grass ("7" and "10", Gamier et al. [20]) were used under similar conditions, but
with a "touchdown" program, as described by Brown et al. [21]. Such a program allows the
amplification of discrete bands under low specificity on heterologous DNA.

3. RESULTS AND DISCUSSION

3.1. DNA content analysis

After somatic embryogeneis, all regenerated cassava plants were phenotypically normal,
and the number of chromosomes of the regenerated plants was the same as the control plants
(2n=36). Nevertheless, ploidy levels of cassava plants regenerated by somatic embryogenesis
were studied by the analysis of nuclear DNA contents using the flow cytofluorometry
technique. In the histogram, presented in Fig.l, the peaks 1 and 3, corresponding to cassava,
indicate the existence of two populations of nuclei of differentiated cells, giving the position
G0/G1 that is an indication of the 2C DNA content of these cells. In a population of 5000 to
10000 nuclei that have been analysed per treatment, 95%of the nuclei were at GO/G1 phase.
Moreover, the absence of a shoulder on the peaks indicated a homogenous population of the
nuclei in G0/G1, showing an absence of aneuploid cells.

During the analyses, petunia leaves were used as an internal reference (Fig 1., peak 2).
The knowledge of the DNA content corresponding to the 2C value of petunia (2CX=2.85 pg
of DNA per nucleus) allowed the estimation of the DNA content of the cassava leaf nuclei at
1.65 pg for stages G0/G1. This value appears to be similar (1.43 to 1.72 pg/2C for seventeen
different cassava cultivars) to those reported by Arumuganathan and Earle [22].

TABLE I. SEQUENCE OF THE PRIMERS IN THE STUDY

Primer Number
OPK1
OPK2
OPK3
OPK4
OPK5
OPK6
OPK7
OPK8
OPK9
OPK10

Sequence
CATTCGAGCC
GTCTCCGCAA
CCAGCTTAGG
CCGCCCAAAC
TCTGTCGAGG
CACCTTTCCC
AGCGAGCAAG
GAACACTGGG
CCCTACCGAC
GTGCAACGTG

Primer Number
OPK11
OPK12
OPK13
OPK14
OPK15
OPK16
OPK17
OPK18
OPK19
OPK20

Sequence
AATGCCCCAG
TGGCCCTCAC
GGTTGTACCC
CCCGCTACAC
CTCCTGCCAA
GAGCGTCGAA
CCCAGCTGTG
CCTAGTCGAG
CACAGGCGGA
GTGTCGCGGAG
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FIG. I, Histogram (logarithmic scale from the PARTEC CAII) of nuclear DNAfrom cassava (peaks 1
and 3) and petunia leaves (peak 2). Cassava leaves were isolated from somatic embryogenesis
regenerated plants.

122



3.2. RAPD and microsatellite analyses

In order to look for eventual genetic differences between the tissue-culture-derived
plants and the control plants, RAPD amplifications were also carried out. Indeed, it has been
shown [17] that the RAPD technique is a fast and sensitive technique to study genetic diversity
in plants.

Twenty different primers of arbitrary sequence were used for this study. Of these 20
primers tested within an individual plant, RAPD profiles (Fig.2) could be detected for most of
them. Four primers (OPK 4, OPK 6, OPK 8 and OPK 15) revealed patterns difficult to
interpret and for primer OPK 7 no bands were detectable after the ethidium bromide
fluorescence staining (data not shown). These primers were not used in further experiments.
For the other primers, a number of clearly defined major fragments were amplified, often
against a background of less strongly amplified minor fragments. The amplified DNA
fragments ranged from 200 to 2300 base pairs (bp) is size. The number of intense amplification
bands produced by each primer varied from two (e.g. primer OPK 20) to six (e.g. primer OPK
9 or 17). This number is lower than was detected by Marmey et al. [23] during their evaluation
of cassava germ plasm collections by RAPD (five to 24 primers). In the same way, a low
number of amplification bands (ranging from one to thirteen) were found in tomato [24] and in
soybean [17].

Using different primers, we amplified DNA from seven regenerated cassava plants and
from one control plant. The results are given in Fig. 3. for some of the primers tested.
Whichever primer was used, a monomorphic pattern was obtained for the different plants. The
analyses were repeated with other (>25) regenerated plants and similar results were always
obtained, indicating no variations at the DNA level in regenerated cassava plants.

mmmmmmmizmm. --r ,>

FIG. 2. Amplification products from a cassava control plant using nineteen different primers
(Bioprobe, France); lane 0, size marker, ZDNA digested with BstEII.
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.F7G. 3. RAPD profiles obtained with different primers: a) 0PK2; lane 0, size marker, XDNA digested
with BstEII; lanes 1-7, regenerated cassava plants; lane 8, control plant; lanes 9-13, calli. b) 0PK9;
lane 0, size marker, X DNA digested with BstEII; lanes 1-7, regenerated cassava plants; lane 8,
control plant; lanes 9-12, calli. c) OPK13; lane 0, size marker, XDNA digested with BstEII; lanes 1-
6, regenerated cassava plants; lane 7, control plant; lanes 8-11, calli.
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DNA was also isolated from calli obtained from internodes, and maintained on a medium
supplemented with BA and NAA. Contrary to the results described by Brown et al. [25], we
could amplify DNA from the calli without problems. With primers OPK 5, OPK18 and OPK
19 (data not shown) and primers OPK 9 and OPK 13 no differences in the amplification bands
were observed within the samples, or when compared with the regenerated plants (Fig. 3B,
3C). However, for primer OPK 2 (Fig. 3A), some samples showed differences. For some of
primers, the differences lie in the presence of new bands or in the absence of specific
amplification products (lane 9), and for others in weaker signals for some markers (lane 13).

Hence, all tested primers revealed an identical number and size of amplification bands
between the control plant and the cassava plants regenerated by somatic embryogenesis.
Monomorphic probes were also described for the genetic analysis of micropropagated plants of
Populus [26,27]. In that case, plants were propagated by axillary branching through a meristem
culture, whereas in this case the explants underwent a differentiation to give somatic embryos.
Even if some reports described a genomic alteration in plants regenerated by somatic
embryogenesis [25,28], our system of regeneration does not generate variation at the DNA
level. With the heterologous microsatellite primers a monomorphic pattern was also detected
(Fig. 4A and 4B).

In a study on date palm cultivar identification by RAPD, Corniquel and Mercier [29] did
not detect variations in calli. In our experiments, a low level of polymorphism was found in
only a few samples, the other samples not showing variations in the amplification bands
between calli and regenerated plants. This polymorphism, detected only in a few calli, could be
a reflection of somaclonal variation or could result from variation in the quality of DNA during
the extraction.

In conclusion, our results show that the RAPD and microsatellite techniques could be
used to determine the genetic variability of cassava plants.
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FIG. 4. Amplification products -were detected by agarose analysis and BET staining. Lane 0,
molecular weight marker, pBR322 digested with Haelll; lane 1, cassava DNA control; lanes 2-5, four
samples from regenerated plants. A) primers "7"; B) primers "10".
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