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Abstract

African spinach {Basella spp.) is an important vegetable in West Africa, and was introduced by early
colonialists. Its alien origin is supported by its narrow genetic variability. Flowcytometry and RAPD
polymorphism were used to investigate genetic variation in three populations of Basella - 'Congo native', 'Congo
domesticated', and an introduced cultivar, 'Sri Lanka' from Sri Lanka. Normal spinach (Spinacia oleracea) cv.
'Prince F, Hybrid' was used to test sensitivity and to verify detection of genetic variation. Nuclei were isolated
from young leaves of Basella, stained with DAPI and ethidium bromide, and ploidy level and total DNA content
were determined by using a flowcytometer. The two sexually propagated populations, 'Congo domesticated' and
'Sri Lanka' showed very low amount of genetic variation as revealed by RAPD analysis; the third population
'Congo native' showed a limited amount of polymorphism.

1. INTRODUCTION

Breeding better crops for the future is a major task to increase food production and
to meet nutritional needs. More than 3000 plant species have been used for agricultural
purposes. However, most efforts have been devoted only to major crops with little or no
genetic improvement of other crops which have been neglected. Human nutritional needs
cannot be covered completely from cereals and root and tuber crops. The vegetable crops play
a basic role to complement human diet for vitamins and macro- and micro-element
requirement.

Genetic variation is essential for breeding new varieties to complement human diet and
improve the rising demand for quality. It is also a pre-requisite for any adaptive changes in
species that lack sufficient genetic variation and are at risk of extinction. Many humid tropical
regions, although rich in genetic diversity lack native edible crops. Most of the crops
presently cultivated in these regions are of recent introduction, and very often have been
derived from few accessions.

African spinach (Baselle alba and B. rubra) is an important leaf vegetable in West
Africa, appreciated for its organoleptic characteristics, yield potential and as source of high
levels of iron and vitamins B and C [1]. The crop is a valuable income source for small
farmers near the principal urban centers. However, in the Congo river basin, its production
is hampered by a foliar disease, with symptoms closely resembling those of rusts (Puccinia)
[2]. In Congo, at least three types of African spinach are known: 1. Vegetatively propagated
type, named in here 'Congo native1. It has a viney habit, has anthocyanin in leaf-veins and
stems, does not flower, and is resistant to the rust. 2. Seed propagated type, named in here
'Congo domesticated'. It is autogamous, has green stems and leaves but is very susceptible to
Puccinia rust, and 3. A recent introduction from Sri Lanka, which is sexually reproducing,
autogamous, and has broad green leaves and stems resembling a polyploid. In the 'Congo
domesticated' type, a colour variant is known and is often considered a different taxon,
Basella rubra. Using the classical phenotypic markers, it is not possible to detect any genetic
variability among the populations of the three types because the individual plant populations
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show a remarkable uniformity. Hence, the analysis of genetic variability in the Congo basin
African spinach populations is required for formulating a breeding strategy. Because of the
lack of morphological markers, an alternative is to use molecular markers for genetic
identification of species and cultivars. Recently, the use of Random Amplified
Polymorphism's (RAPDs) has been proposed and applied to a number of crops such as
cassava [3], tea [4] and eggplant [5]. The aim of the present study was to characterize
variability in Basella of the Congo area at the DNA and nuclear level.

2. MATERIAL AND METHODS

2.1. Plant material

Three Baselle alba populations were collected from the Congo river basin. One
accession was bought in a local market in Brazaville as seed; seed sample of the 'Sri Lanka'
population was provided by Prof. C. Makambila, Univ. of Brazaville, and plant material was
collected from a farmers' field, 30 km from Brazaville. All plant material was potted in soil
and maintained in a greenhouse. Seeds from the potted plants were collected, and replanted
to analyze possible DNA polymorphism.

2.2. Flow cytometry

Young leaves from plants of Baselle were collected and nuclei were isolated by
chopping with a sharp scalpel in 1 ml LBOl buffer containing 15 mM Tris, 2 mM NajEDTA,
80 mM KC1, 20 mM NaCl, 0.5 spermine, 15 mM 2-mercaptoethanol and 0.1 Triton X-100,
pH 7.5. The fluorochrome DAPI was added to the buffer at a concentration of a 2 mg/1. To
estimate total DNA content, the same buffer was used, but ethidium bromide was added at
a concentration of 50 mg/1. Samples were filtered through a 15 mm pore nylon filter, and
incubated on ice for 5-10 minutes.

Ploidy levels were measured using a Partec CA-II flow cytometer equipped with a 100
Watt high-pressure mercury lamp and the filter combination UG1, TK420 and GG475. The
gain was adjusted so that the peak of Go and G, nuclei of greenhouse grown Congo
domesticated plants was on channel 50. At least 10,000 nuclei were measured and data
evaluated using the Partec software package. To determine total DNA content, nuclei from
pea plants (Pisum sativum cv. 'Lincoln') were extracted and used as a reference [6].

2.3. Chromosome counting

Actively growing root tips were obtained by placing Basella cuttings in water
containing IAA. Roots were treated with colchicine (0.05-0.1%) at 4 C° for 24 hours. Root
tips were fixed in Carnoy II solution at 4 C° for 24 hours, and transferred to 70% ethanol.
After 30 min maceration in 5 M HC1, the tissue was washed, and stained in lacto-propionic
orcein for 2 hours. The stained tissues were washed in distilled water, and macerated with
45% acetic acid solution for few minutes, and analyzed for chromosome number [7].

2.4. DNA extraction

Total DNA was extracted using a modified CTAB method [8], and stored at a
concentration of 10 ng/microliter.
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2.5. Primers

25 primers (10-mers) were used; their G+C content ranged from 60 to 80% to increase
specificity. They were purchased from University of British Columbia.

2.6. PCR

All PCR reaction were performed using a reaction mixture consisting of 3.5 mM
MgCl2, 100 mM dNTP, 200 nM of 10-mer, lunit Taq polymerase and 50 ng of genomic DNA
and adjusted to a final volume of 25 uml. The amplification reaction was performed in a
Perkin Elmer 9600 thermal cycler. After an initial denaturation step at 94 C° (2 min), 30
cycles of 93 C° ( 1'), 40 C° (I1) and 72 C° (2') were performed, which was followed by one
cycle of 6' at 72 C°. The amplified DNA fragments were resolved by electrophoresis on 1.5%
agarose gels, and visualized by staining with ethidium bromide. All data were stored in
computer files generated by a MWG GelPrint 2000i, and analyzed using the RFLP scan
software for polymorphism. The data was then utilized to construct a dendrogram by using
the NTYSYS V.I.P. program for creating relatedness tree.

3. RESULTS & DISCUSSION

3.1. Flow cytometry

Using DAPI, the sexually propagated samples, 'Sri Lanka' and 'Congo domesticated'
showed the same ploidy level, ruling out the possibility that the phenotypical features of 'Sri
Lanka' resulted from polyploidy. This was further confirmed from the analysis of total DNA
content (Table I). All samples of these population gave similar values for total DNA content,
ca 6 pg (2C). The third population, which is vegetatively propagated, showed a lower DNA
content, as shown both by DAPI and ethidium bromide staining.

TABLE I . DNA CONTENT OF Basella

Population DNA Content* (pg)

Baselle Congo 6.83
(Domesticated)

Baselle Congo 5.73
(Native)

Baselle Sri Lanka 6.83

*the mean of 5 replicates of the ratio between the median value of each sample and the median value
of the reference material (Pisum sativum cv. Lincoln) x 9.07, the DNA (pg) of the reference material.

3.2. Chromosome counting

The chromosome numbers ranged from 2n = 48 to 36. In the vegetative propagated
plants, complex mixoploidy was observed. The preliminary data suggested a complex situation
and requires further investigation.
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3.3. PCR

Eleven of the twenty-five primers tested produced polymorphic bands. Primer 1 and
6 revealed higher polymorphism; therefore, were used throughout this study. However,
polymorphic variability within any of the three populations was not detected. Some variation
was detected among the green and red plants. Of the three populations studied, the
vegetatively propagated Basella differed the most from the other two. The similarity index
are shown in Table II. No differences were detected within the progeny obtained from
selected plants. The similarity measure was also utilized to construct a dendrogram (Fig. 1)
by the group average strategy (UPGMA) and the program Numerical Taxonomy and
Multivariate System.

The results of this study clearly showed that in the Basella populations collected from
Congo, the genetic variation is extremely low, if not absent. Further research is in progress
to characterize promising plant material and to confirm the validity of RAPDs for detecting
genetic variation. More 10-mers are being tested and we have started to use oligo-nucleotide
fingerprinting. Nevertheless, the results obtained with 'Congo domesticated' and 'Sri Lanka'
are posing puzzling question as to the basis of the striking phenotypic differences between
the two populations. Although, our results are preliminary, they suggest the lack of genetic
variability in Basella from Congo. This could be overcome by either mutation induction or
by germplasm introduction from other geographical areas. Plant breeders require genetic
variability in their plant material to meet the ever-changing demand for new varieties with
wide acceptance. This requires a deep knowledge of the genetic structure and variability in
the plant species.

TABLE n . ESTIMATES OF GENETIC SIMILARITY IN THREE POPULATIONS OF
Basella.

Population Domesticated Domesticated Red Sri Lanka

Domesticated 1.0000

Domesticated Red 0.8246 1.0000

Sri Lanka 0.8495 0.9359 1.0000

Native 0.7390 0.7898 0.8671

Relative similarity

0.7 0.75 0.8 0.85 0.90 0.95 1.0

R
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Fig. 1. Dendrogram of the Basella populations derived from RAPDs data.
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