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Numerical analyses of RAPD data highlight the origin
of cultivated tagasaste (Chamaecytisus proliferus
ssp. palmensis) in the Canary Islands
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Abstract. Random Amplified Polymorphic DNA
(RAPD) was used to generate molecular markers to trace
the origin of the fodder legume tagasaste (Chamaecytisus
proliferus (L. fil.) Link ssp. palmensis (H. Christ) Kunkel)
in the Canary Islands. Results from multivariate analyses
of data through “Two Way Indicator Species Analysis”
(TWINSPAN) and “Detrended Correspondence Analy-
sis” (DECORANA) showed that genotypes collected on
the island of La Palma exhibited a wider range of varia-
tion than those from the other islands. This supports the
existing hypothesis that tagasaste originated on La Pal-
ma and emphasizes the importance of conserving and
evaluating germ plasm from this island.
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Introduction

The legume shrub of the tribe Genisteae known as
tagasaste (Chamaecytisus proliferus (L. fil.) ssp. palmensis
(H. Christ) Kunkel) is one of the few endemic species of
the Canary Islands that is cultivated (Francisco-Ortega
1992). It has gained economic importance not only in the
Canary Islands but also in New Zealand and Australia
where it was introduced late in the last century and is now
used to feed livestock during the summer when other
fodder is scarce (Francisco-Ortega et al. 1991, 1992¢).
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Early reports on the history of tagasaste as a cultivat-
ed species indicate that this fodder crop originated from
the island of La Palma and was introduced to the island
of Tenerife in 1856 by Victor Pérez (Pérez-Ventoso 1892;
Morris 1893). Pérez provides the first account of the
traditional utilization of tagasaste in La Palma (Pérez
1862 a, b) and was also responsible for its introduction to
Australia (Francisco-Ortega etal. 1991). Tagasaste
forms a taxonomic complex within which the other forms
are not cultivated and are locally known as ‘escobon’
(Acebes-Ginoveés et al. 1991).

Following the development of the polymerase chain
reaction (PCR) a new approach for analysing patterns of
genetic variation has arisen through the generation of
random amplified polymorphic DNA markers (RAPDs)
(Williams et al. 1990; Newbury and Ford-Lloyd 1993).
This technique offers a further way to ‘fingerprint’ geno-
types and to obtain molecular markers that can be useful
in studies of crop evolution and genetic resources.

In this paper we describe the use of RAPD to detect
genetic variation in the germ plasm of wild and cultivated
tagasaste from the Canary Islands. We use these results
to confirm the origin and spread of tagasaste in the Ca-
nary Islands and to establish conservation priorities for
the plant genetic resources of this fodder species. We also
demonstrate that some multivariate methods traditional-
ly used by ecologists to study floristic data can be useful
for the analysis and interpretation of RAPD data.

Materials and methods

Plant material

The 20 population samples of tagasaste are described in Table 1.
These germ plasm accessions are currently held in the Centro de
Conservacion de Recursos Fitogenéticos, Madrid, and further
information concerning the ecology of the collection localities
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Table 1. The 20 accessions of tagasaste used in this study. The accession numbers listed are those of the Birmingham University
collection. Accessions from wild populations are indicated with an asterisk

Accession  Collection site Island Accession  Collection site Island
no. no.

3 Malpaises La Palma 20 Casas de La Mata La Palma

5 Tomascoral La Palma *23 Los Tilos La Palma

6 Casa Forestal de El Paso La Palma *26 Canal de Marcos La Palma

7 La Cumbrecita La Palma 27 Las Cabezadas La Palma

8 Valencia La Palma 28 Roque Faro La Palma

9 Hoya de la Sima La Palma 37 Utiaca Gran Canaria
10 El Tunel de El Paso La Palma 97 La Montafieta Gran Canaria
11 Montafia Paloma La Palma 121 Las Portelas Tenerife
12 Barranco de Madera La Palma 133 Aguamansa Tenerife
15 Casas de Taburiente La Palma 175 La Pefia El Hierro

Fig. 1. Single primer PCR on geno-
mic DNA from 2 accessions of ta-
gasaste. Zones of activity (extreme
right-hand column) and molecular

weight marker are shown
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can be found in Francisco-Ortega et al. (1990, 1992 a). Cultured
tagasaste embryos were grown to seedlings for 1 month (Reghu-
nath et al. 1993) and DNA extracted from 0.15-g (fresh weight)
samples following the protocol of Gawel and Jarret (1991). The
amount of genomic DNA was measured with a TKO 100 mini-
fluorometer using Hoechst dye according to the manufacturer’s
instructions. At least five individual plants per accession were
studied.

Polymerase chain reaction

The PCR was carried out in a 50-ul reaction volume containing
Boehringer reaction buffer, 0.1 mM of each deoxyribonucleotide
triphosphate, 0.2 nM primer, 1 unit Taq polymerase (Bochringer),
2.5mM MgCl, and 15ng template tagasaste DNA. The re-
action mix was covered with mineral oil. The single ten-base
primer employed had the following sequence: CGGGCGATAT.
A Hybaid Thermal Reactor HBTR1 was used for amplification,
and it was programmed with an initial cycle of 7 min at 94°C,
1 min at 36°C and 4 min at 72°C. The successive 35 cycles were
identical except that the 94°C treatment was for only 1 min. The
separation of PCR products was conducted by electrophoresis
for 4h at 80 V in 1.0% agarose gels using TBE buffer, and the
DNA fragments were visualized using ethidium bromide stain-
ing (Maniatis et al. 1982). Gels were photographed using UV
light Polaroid film 667. Each amplification was executed 3 times,
and only those bands which were subsequently consistent in these
three amplifications were considered for multivariate analysis.

Data analyses

For the multivariate analyses DNA fragments detected after
electrophoretic separation as bands were scored as present (+)
or absent (—). A data matrix based on DNA fragments detected
per genotype was constructed. A hierarchical classification was
obtained after using ‘Two Way Indicator Species Analysis’
(TWINSPAN) (Hill 1979 a). ‘Detrended correspondence analy-
sis’ (DECORANA) (Hill 1979 b) was used for ordination. These

C1C4 C5 C6 D1 D4 E2

multivariate analyses were carried out using the Cep-pc package
(Mohler 1987).

Results

An initial survey had previously been carried out using
eight primers and five accessions. These preliminary re-
sults revealed that the primer subsequently used in this
research yielded the highest levels of information and
diversity. Using this single primer we detected a total of
30 DNA amplification products. These were arbitrarily
divided into the five zones (A—E) of different molecular
weight (Fig. 1). A total of 79 different genotypes were
identified within the 20 accessions. Twelve PCR reactions
did not produce readable tracks.

The hierarchical classification generated by
TWINSPAN (Fig. 2) yielded 29 End Groups (final clus-
ters that were significant). Genotypes found in these End
Groups are shown in the re-ordered Genotype-by-DNA
Fragment Data Matrix that was obtained after this clas-
sification (Table 2). Results from this analysis were in
agreement with those from a revious Cluster Analysis as
accessions which were not collected in La Palma only
clustered in one of the major groups formed at the
highest division (Fig. 2); they were also placed together
on the re-ordered data matrix (Table 2). No genotype
from the other islands was found in End Groups 17-29,
whereas only End Groups 1, 5 and 6 did not have geno-
types from La Palma. Genotypes which did not come
from La Palma predominantly possessed DNA frag-

B1 B3 C8 C12D7 D9 E3 E4

B3 C5 C12 D1 D6 D7 Ci2 E4 C1.D6 Ef
C5C9 D7 c9 C12 D1 C8 E3 B1 D5 D6 E1 | B
D4 E4 B1 E3 caD2 Jc4 C6 E3 B1C3C6 D7 cs5
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Fig. 2. The 29 End Groups obtained after TWINSPAN analysis of DNA fragments from 20 accessions of tagasaste. Diagnostic DNA
fragments at cach division are given, and they can also be found in Table 2. Genotypes found in each End Group are given in Table 2.
Closed circles indicate End groups with some or all of the genotypes that were not collected on La Palma
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Table 2. ‘Bandmap’ or Genotype-by-DNA Fragment Data Matrix interpreted from the TWINSPAN analysis of 20 accessions of wild
and cultivated tagasaste. The accession numbers listed are those of the Birmingham University collection; these are indicated on the
upper heading. Group no.=End Group number obtained after TWINSPAN classification (Fig. 2); these are given on the lower
heading. DNA fragments are given on left column. Asterisks are used for those accessions which were not collected on La Palma

stesfe sk sk e &k Hookok * Hoksk

Accession no. 1 11111 1 1 1 11
333 19221117773311 23922299 221111393111 2 2111 222 2222222222
7776576120055533006986373317756660155553731113383302223300888955888777876677799

sk ok ok

Group no. 1112223334455566778389991111111111111111111114111111111222222222222222222222222
0000012222334444456667788889999012333344445666677888999
C5 111111111
D1 11 1 111111111 1111 1 1
C1 11111 1111141111 11 1111111111 1111 1 1 111111
D4 111 1 1 1111 111 1 1 1 1
E2 1 1 11 1 1 1
C4 G T 2 A O O 11 1 11111
Cé 111111 111 1 111 1 11111 11 1 11 11 1111 11111111
(o 11 111 111411 11 111111411 1 1111 11111 1 11
Al Mttt st et it e e e e i L 1 111 4
A2 1ttt it 1t ettt e 1 e 1 1 e 1 Lt 1 1 11144
C2 ittt et e e r e et A L 1111114
D3 It it it e s e e e i e L L e a1t
D8 1111111111 11111121111 1111111111211 1 1111114011111 1111111 1141111 11 114 11
B2 11 e 1 11 111 1111111111111 1 1141111
C10 111 1 111111141 1111 11 1111 111111 1111141t 1111111
D6 1111 1110 111 1t 1111111 111111111111
C3 111 11 1 1 111111 1
C11 1 1 11 1
Ci12 11 T 111141111111 111114111 000d 11111411 11 14111 1
D7 1 11111104t 1 1141 111411 111101111 1 1 11111
B3 11111 1111111 11111 1 1111 11 1111411 111111 111111111 11111
D2 11 1 111 1111 11 11
E3 111 1 1 11111 111111 111 11
Bi 111 1 11111111 11111
E1 1 11 11
C8 11 1 11 11
D9 1 11111
C7 1 1 1
D5 11 1111 1
E4 11 11 111 11111111111 111 11

ments C1, C4-C6, D1, D4 and E2. The data matrix
given in Table 2 shows that genotypes were monomor-
phic for five bands.

A scatter diagram with DECORANA values along
the first two axes is illustrated in Fig. 3. Generally only
those DECORANA axes which have eigenvalues greater
than 0.1 should be used for interpretation (Hill 1979b).
Eigenvalues on the first and second axes were 0.130 and
0.111, respectively, and were relatively greater than those
of the remaining axes that had values lower than 0.1 and
therefore not included in the study. DECORANA scores
for DNA fragments on these two axes are presented in
Table 3. Results from this ordination were again similar
to those obtained after the two hierarchical classifica-
tions, as genotypes not collected on La Palma gave low
scores on the first axis and tended to cluster in the left
sector of the scatter diagram (Fig. 3). Furthermore, those

DNA fragments responsible for the first major division
from the TWINSPAN analysis also had the lowest and
highest DECORANA scores on the first ordination axis.
Genotypes from the two accessions of wild tagasaste
included in this study did not form distinct groups and
were not found separated from the other genotypes in the
ordination scatter. There were no clear differences be-
tween the variation patterns of germ plasm from these
accessions and those from the cultivated populations.

Discussion

A brief initial screen of some of the tagasaste material
used in this study showed that the use of a single selected
primer would reveal a large amount of variation. When
individuals from 20 accessions were used, the primer di-
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Fig. 3. The first two axes of the DECORANA ordination of 20 accessions of tagasaste. Labels refer to accession numbers. Accessions
from La Palma are indicated by open circles; closed circles refer to accessions that were not collected on La Palma

rected the synthesis of amplification products of 30 dif-
ferent sizes that were present in 79 combinations. Be-
cause these data were quite sufficient to allow the appli-
cation of several types of numerical analysis, no further
primers were employed.

Patterns of variation discernible after RAPD studies
provide evidence which confirms the historical accounts
and resultant hypothesis that tagasaste comes originally
from La Palma. The multivariate techniques used in this
study show that germ plasm collected on La Palma
shows by far the widest range of variation compared to
that from the other islands. Genotypes from La Palma
were found in most of the clusters obtained after
TWINSPAN, and this was confirmed by results not re-
ported using cluster analysis (Unweighted pair Group
Average Method, Jaccard’s coefficient of similarity, Clus-
tan 3, Wishart 1987). Furthermore, those genotypes dis-
played both high and low scores on the first two DECO-
RANA axes. The fact that genotypes from El Hierro,

Tenerife and Gran Canaria all show similar restricted
variation supports the view that they have a common
origin. This would mean that material originally distrib-
uted from La Palma to Tenerife would have formed the
basis for the cultivated material found on the other is-
fands.

In terms of the plant genetic resources of tagasaste,
the results from RAPD analysis emphasize the impor-
tance of conserving germ plasm collected on La Palma;
this germ plasm should have the highest priority for con-
servation and evaluation in contrast to that available on
the other islands. Massive deforestation and accidental
colonization by non-native mammals such as rabbits and
goats have meant that wild plants of tagasaste have be-
come rare on La Palma (Francisco-Ortega et al. 1992b).
Consequently, germ plasm conservation should be fo-
cused towards those few remaining areas of the laurel
(Laurus azorica (Seub.) Franco) wood, heath (Erica ar-
borea L.) belt and low altitude Canary pine (Pinus



Table 3. Ranked values along the first two DECORANA axes
for DNA fragments detected after the ordination of 20 acces-
sions of tagasaste

DECORANA 1 DECORANA 2
DNA DECORANA DNA DECORANA
fragment value fragment value
C7 421 E1l 452
D9 337 D9 347
D5 325 E2 294
El 258 D4 206
E4 238 Cit 197
B1 234 D6 190
C11 232 C1 183
C8 222 B1 168
C3 197 E3 163
C12 190 C5 129
D7 186 Cc2 92
E3 177 Al 87
B3 171 A2 87
D6 160 B2 87
Al 53 C10 87
A2 53 D3 87
B2 53 D3 87
C10 53 C4 85
D3 53 D1 78
D8 53 D7 68
C2 51 B3 8
E2 25 D5 —-29
D4 -2 C6 —40
D2 —-12 C8 —43
Co —19 Cc9 —89
Cco —37 C12 —94
C4 —54 E4 —139
C1 —55 D2 —17
D1 =72 C3 —249
(03] —348 c7 —266

canariensis Chr. Sm. ex Dc.) forest of northern La Palma
where wild plants of tagasaste still thrive on almost inac-
cessible cliffs (Francisco-Ortega et al. 1992b).

The scarcity of wild populations of tagasaste has
meant that in this research only two accessions of wild
tagasaste were studied. However, our techniques did not
allow us to distinguish between wild and cultivated germ
plasm. Unlike other cultivated species, most fodder crops
do not exhibit large differences between wild and culti-
vated forms, so that the latter may not be regarded as
domesticated in the strict sense of the word (Harlan
1983). RAPD analysis and morphology studies (Francis-
co-Ortega 1992a-c) support the view that tagasaste can-
not be considered to be a truly domesticated species.

There are several advantages in the use of the multi-
variate techniques that we have employed. TWINSPAN
is a polythetic divisive algorithm of classification which
can identify those key DNA fragments that contribute to
each division of the dendrogram. This classification also
provides a rearrangement of the Genotype-by-DNA
Fragment Data Matrix based on multivariate classifica-
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tions of both genotypes and DNA fragments. Although
caution as to its use has been recommended (Jackson and
Somers 1991), DECORANA is an ordination technique
which avoids the distortion known as the ‘horseshoe’
effect that occurs when other methods such as Principal
Component Analysis, Reciprocal Average or Non-metri-
cal Multidimensional Scaling are used, and it remains
advantageous for treating binary data (Gauch 1982).

Furthermore, TWINSPAN, by arranging the original
raw data in a re-ordered Genotype-by-DNA Fragment
Data Matrix, facilitates the visual re-interpretation of the
initial results and provides a ‘bandmap’ of shared DNA
fragments (Table 2). The use of this kind of bandmap has
previously been suggested by Powell et al. (1991) and
Wilde et al. (1992) for the identification of cultivars of
Solanum tuberosum and Theobroma cacao, respectively.
In the bandmaps suggested by these authors, DNA frag-
ments are entered according to their relative frequencies:
the most common fragments being placed first and the
least frequent being placed last. In contrast with that, the
arrangement of the original raw data from our methodol-
ogy is based on the emphasis of those DNA fragments
that contribute most to the TWINSPAN classification.
We therefore recommend the use of TWINSPAN because
both DNA fragments and genotypes are entered in the
bandmap according to their effectiveness in the classifi-
cation.
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