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Abstract
The 17 Brazilian species of Adesmia DC were analysed, using 20 primers, with regard to their
randomly amplified polymorphic DNA (RAPD) patterns. From a total of 357 individuals ana
lysed, the 20 primers produced 2249 fragments with molecular sizes ranging from 200 to
2700 bp, 560/0 of which were polymorphic. Average intra-population genetic similarity, esti
mated by Jaccard's coefficient, ranged from 0.35 in A. araujoi to 0.80 in A. punctata. Mean
intra-specific genetic similarity varied greatly among species, ranging from 0.19 for A. tristis
to 0.89 for A. arillata. Mean genetic similarity among the species, estimated by Dice's coeffi
cient, was 0.56. RAPD markers were efficient at separating all the accessions analysed. The
results obtained generally agreed with the partition of genetic variability expected according
to the mode of reproduction.
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Introduction

In many regions of the world where the economy is based
mainly on agriculture and animal production, the search
for native forage, as alternatives and complements to tra
ditionally cultivated species and native pastures, is a grow
ing strategy. In Rio Grande do SuI, the southernmost state
of Brazil (27-34°S, 49-58°W), animal production depends
heavily on native pastures, which have around 400 grass
and 150 legume species (Boldrini, 1997), many of them
potentially good forage, but still unexplored. A multidisci
plinary approach is highly recommended to gain better
knowledge of this native ecosystem. Agronomically,
more widespread use of many of these species is restricted
by their concentrated summer production, leading to a
lack of forage during winter, therefore causing animal
weight loss during the cold season. The alternative of
diet supplementation is not an economically viable
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option for all farmers. Therefore, the search for native
winter-growing species is a goal being pursued by
researchers and plant breeders.

Among the native winter-growing legumes, adapted to
the soils and climate conditions of the region, the species
of the genus Adesmia DC have caught the attention of
researchers. The exclusively South American genus Ades
mia comprises around 230 species, 17 of which are
described for Brazil, restricted to the southern region
(Miotto and Leitao Filho, 1993). The Brazilian species
are mostly diploid (2n = 20), with regular meiotic beha
viour and generally high pollen fertility (Tedesco et al.,
2002); most of them are allogamous or preferentially allo
gamous (Tedesco et al., 1998, 2000). Data are available
pointing to the good forage potential of some of these
species in Uruguay and Brazil (Coll and Zarza, 1992;
Scheffer-Basso et al., 2001), species which could be
improved by genetic breeding.

Germplasm characterization is a first essential step for
any plant breeding project. Besides the cytogenetic and
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reproductive studies already done on Adesmia (Tedesco
et al., 1998, 2000, 2002), it is necessary to evaluate the
overall genetic variability, which can be done efficiently
with molecular markers such as randomly amplified poly
morphic DNA (RAPD) markers.

RAPD markers have been extensively used in charac
terizing germplasm and assessing genetic variability in a
wide range of wild and cultivated plants, such as Leu
caena (Harris, 1995), Triticum (Sun et al., 1998), Lathyrus
(Croft et al., 1999; Chtourou-Ghorbel et al., 2002), Hor
deum (De Bustos et al., 1998), flex (Gauer and Cavalli
Molina, 2000), Capsicum (Rodriguez et al., 1999; Buso
et al., 2001), Medicago (Brummer et al., 1995; Mengoni
et al., 2000) and Trifolium (Gustine et al., 2002), among
many others. The restrictions on the use of these markers,
due to their dominant nature and frequent lack of repeat
ability, are mostly overcome by the combination of rela
tively low price, safety (non-radioactive) and amount of
information generated by the technique, compared to
other molecular markers.

In this paper we report the assessment on intra- and
inter-specific variability in the 17 Brazilian species of
Adesmia, as revealed by RAPD.

Material and methods

Plant material

Seeds from 29 accessions of 16 Adesmia species from
several collection places in southern Brazil, and one
accession from Uruguay, were obtained from CENARGEN
(Centro Nacional de Pesquisa de Recursos Geneticos e
Biotecnologia) and from different field collections. For
A. paranensis, leaf material from six different herbarium
vouchers was used (Table 1). These 17 species belong
to four taxonomic series: Murieatae (A. muricata), Sub
nudae (A. riograndensis and A. securigerifolia), Bicolores
(A. bicolor, A. incana, A. latifolia and A. punetata) and
Psoraleoides. After mechanical scarification with sand
paper, seeds were germinated in Petri dishes with moist
filter paper. Plantlets were transferred to 4.5 kg capacity
pots with garden soil when around 3 cm high and kept
in a greenhouse. With the exception of A. paranensis,
4-15 individuals per each accession were employed for
the RAPD assays.

DNA extraction and RAPD assay

DNA was extracted from freshly harvested young
leaflets from plants growing in the greenhouse and
from the herbarium vouchers of A. paranensis, using a
modified small-scale CTAB procedure (Doyle and
Doyle, 1987).
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DNA amplification was performed following Williams
et al. (1990), with small modifications. Twenty primers
(OPA 1 to OPA 20) of the kit OPA (Operon Technologies
Inc., USA) were used.

Data analysis

For each primer, the consistent amplified fragments were
recorded as present (1) or absent (0) and data were trans
formed in a binary matrix, representing the RAPD pheno
type of each individual. Faint bands were not scored.

For the generation of similarity matrixes, Dice's coeffi
cient was used for inter-specific comparisons and Jac
card's coefficient for intra-population and inter
population analysis. The different coefficients were
chosen considering their peculiarities: Jaccard's does
not value shared absences (0), and therefore is better at
comparing populations within species. On the other
hand, Dice's, despite also not valuing shared absences,
emphasizes positive concordance, therefore being more
suitable for comparing different items in which the prob
ability of common bands is smaller (Alfenas et al., 1998).
The resulting similarity matrix was utilized to construct a
dendrogram by the UPGMA (unweighted pair-group
method of arithmetic averages) cluster analysis method.
Data analysis was carried out using the NTSYS PC com
puter package (Rohlf, 2001).

Results

RAPD variation within accessions

From a total of 357 individuals analysed, the 20 primers
produced 2249 fragments, with molecular sizes ranging
from 200 to 2700 bp, 1254 of which were polymorphic,
showing a total of 560/0 polymorphism. The average
number of fragments per primer ranged from 0.7 (in A.
paranensis 30.1 and 30. 3) to 10.7 (in A. bicolor 03)
(Table 2). Among the amplified fragments some were
identified as individual-specific, such as the 400 bp frag
ment (OPA 14) in individual 12 of A. ineana 08, and
others were identified as accession-specific, such as the
2200bp fragment (OPA 16) in A. roeinhensis 21.

Average intra-population genetic similarity, estimated
by Jaccard's coefficient in the species for which more
than one accession was analysed, ranged from 0.35 in
A. araujoi 02 to 0.80 in A. punetata 17 (Table 3). In the
three species for which only one accession was analysed,
intra-population similarity coefficients were 0.76 for A.
sulina 24, 0.49 for A. vallsii 28 and 0.60 for A. reitziana
29. For A. paranensis, the intra-population comparison
cannot be applied, as actually six individuals (30.1,
30.2, 30.3, 30.4, 30.5, 30.6) and not six populations
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Table 1. List of the Brazilian Adesmia species and accessions used in this study for assessment of
genetic diversity by RAPD

Accession Species Collector's number Place of collection

01 A. araujoi V10730 Soledade, RS
02 A. araujoi Capingui, RS
03 A. bicolor D. Real 559 Uruguay
04 A. bicolor Bage, RS
05 A. ei/iata STS 1966 Sao jose dos Ausentes, RS
06 A. ei/iata STS 1968 Sao Francisco de Paula, RS
07 A. ineana V 9636 Santana do Livramento, RS
08 A. ineana Cacapava do Sui, RS
09 A. /atifo/ia Te 003 Mariluz, RS
10 A. /atifo/ia ZM 1777 Tramandaf, RS
11 A. murieata V 10289 Cacapava do Sui, RS
12 A. murieata V9570 Cangucu, RS
13 A. arillata V11318 Guarapuava, PR
14 A. arillata V11426 Abelardo Luz, SC
15 A. psora/eoides V 8003 Bom Iardim da Serra, SC
16 A. psora/eoides EEL 57 Lages, SC
17 A. punetata V6885 Vacaria, RS
18 A. punetata V10812 Vacaria, RS
19 A. riograndensis V9590 Santana da Boa Vista, RS
20 A. riograndensis Lages, SCa
21 A. roeinhensis V10805 Bom jesus, RS
22 A. roeinhensis V 11507 Palmas, PR
23 A. seeurigerifo/ia V 10283 Dom Pedrito, RS
24 A.su/ina V11316 Guarapuava, SC
25 A. tristis STS 1969 Sao Francisco de Paula, RS
26 A. tristis Sao loaquim, SC
27 A. seeurigerifo/ia V 6978 Bage, RS
28 A. vallsii V11439 Palmas, PR
29 A. reitziana Urubici, SC
30.1 A. paranensis V11246 Castro, PR
30.2 A. paranensis V10607 Agua Doce, PR
30.3 A. paranensis V12864 Santiago, RS
30.4 A. paranensis STS 1605 ~almeira, PR
30.5 A. paranensis V11485 Agua Doce, PR
30.6 A. paranensis ZM 1236 Sao Francisco de Assis, RS

PR, Parana State; RS, Rio Grande do Sui State; SC, Santa Catarina State.
aSeed obtained from EMPASC (Empresa de Pesquisa Agropecuaria de Santa Catarina), Lages, original
collection site unknown.

were analysed. In this case, the similarity index reflects
the similarity between six individuals from six different
places of collection.

Intra-specific RAPD variation

The RAPD intra-specific variability was analysed in 13 of
the 17 Brazilian Adesmia species, i.e. those for which
more than one accession was available: A. araujoi, A.
bicolor, A. ciliata, A. ineana, A. latifolia, A. murieata,
A. arillata, A. psoraleoides, A. punetata, A. riograndensis,
A. roeinhensis, A. seeurigerifolia and A. tristis. For this
kind of analysis, fragments with the same molecular
weight and common to a pair of accessions were
scored. A total of 395 fragments were considered,
ranging from 11 in the accessions of A. tristis to 57

in the accessions of A. bicolor (Table 4). Mean

intra-specific genetic similarity varied greatly among
species, ranging from 0.19 for A. tristis to 0.89 for A. aril
lata (Table 3).

The 147 fragments common to all species were used to
generate the dendrogram in Fig. 1. The mean genetic simi
larity (0.56) was considered as the cutting point. For some
species both accessions of the same species grouped
together at the 0.75 level of similarity, such as A. ineana
07 and 08, A. latifolia 09 and 10, A. tristis 25 and 26 and
A. seeurigerifolia 23 and 27; others grouped at the 0.70

level of similarity, such as A. ciliata 05 and 06, A. bicolor
03 and 04 and A. roeinhensis 21 and 22; but in other
cases, accessions of different species grouped together,
such as A. psoraleoides 15 and A. riograndensis 19, and
A. psoraleoides 16 and A. sulina 24. Surprisingly,
accessions 14 of A. arillata and 18 of A. punetata grouped
at the 0.80 level of similarity.
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Table 2. Number of primers and RAPD fragments analysed, mean number of
fragments per primer and fragment size in each accession of the Brazilian species of
Adesmia examined

Number Number Mean number
of primers of fragments of fragments Fragment size in

Accession analysed analysed per primer bp (min-max)

01 19 102 5.3 300-2400
02 20 117 5.8 236-2300
03 17 183 10.7 283-2700
04 17 134 7.8 280-2072
05 20 115 5.7 345-2300
06 20 80 4.0 300-2182
07 20 99 4.9 327-2457
08 19 99 5.2 310-2462
09 20 106 5.3 370-2700
10 20 102 5.1 300-2300
11 18 76 4.2 287-2300
12 11 50 4.5 452-2100
13 10 27 2.7 320-1781
14 15 61 4.0 240-2300
15 11 33 3.0 400-2300
16 19 69 3.6 200-2400
17 19 96 5.0 300-1800
18 20 69 3.4 300-2400
19 12 58 4.8 250-2160
20 13 67 5.1 340-2600
21 18 60 3.3 200-2200
22 12 58 4.8 220-2400
23 12 51 4.2 300-1784
24 7 31 4.4 300-2072
25 18 77 4.2 260-2400
26 10 38 3.8 200-2300
27 10 47 4.7 260-1800
28 13 42 3.2 400-1500
29 10 63 6.3 200-1900
30.1 7 5 0.7 853-1941
30.2 7 7 1.0 600-2500
30.3 7 5 0.7 300-1325
30.4 7 8 1.1 213-1941
30.5 7 6 0.8 213-1941
30.6 7 8 1.1 500-2116

Discussion

RAPD markers were efficient at separating all the acces
sions analysed. The accessions were all individualized,
that is, no individual of a given accession mixed with
individuals of other accessions and no pair of accessions
presented a similarity index of 1.0. The identification of
some individual-specific and accession-specific bands
may be useful for obtaining a genetic fingerprint for Ades
mia. The surprising result of a close similarity between
accessions 14 of A. arillata and 18 of A. punctata may
be spurious. As use of the wrong sample during DNA
extraction or RAPD assay is very unlikely, an alternative
explanation could be mislabelling of the original seed
sub-sample. Further support for this is the fact that acces
sions 17 and 18 of A. punctata came from exactly the

same collection site (Miotto and Leitao Filho, 1993) and
should be expected to be much more similar to each
other than to accession 14 of A. arillata.

RAPD markers are presently considered not to be
reliable for analysing species relationships, mainly due
to the validity of the assumptions, such as independence
of fragment amplification, origin and repeatability of each
band, and homology of bands of the same molecular
weight, that are implicitly accepted when RAPD data
are used in establishing species relationships (Harris,
1995; Gillies and Abbott, 1998). Therefore the grouping
of accessions in the dendrogram of Fig. 1 does not reflect
species relationships.

The results obtained in the intra-population as well as
in the inter-population analysis generally agreed with the
partition of genetic variability expected according to the
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Table 4. Intra-specific comparison between Adesmia accessions: number of primers and RAPD fragments ana-
lysed, fragment size and similarity index

No. of primers No. of fragments Fragment Mean inter-population
Species Accessions analysed analysed size (bp) similarity (Jaccard)

A. araujoi 01,02 18 44 300-1500 0.75
A. bicolor 03, 04 19 57 300-1800 0.54
A. ciliata OS, 06 20 47 340-1900 0.47
A. incana 07, 08 16 49 370-2300 0.82
A. latifolia 09,10 17 45 360-1500 0.68
A. muricata 11, 12 9 14 600-1200 0.38
A. arillata 13, 14 9 14 600-1800 0.89
A. psoraleoides 15, 16 9 17 500-1500 0.75
A. punctata 17, 18 18 42 300-1650 0.76
A. riograndensis 19,20 9 15 380-1300 0.44
A. rocinhensis 21,22 12 28 500-2400 0.71
A. securigerifolia 23, 27 5 12 300-1500 0.31
A. tristis 25, 26 5 11 300-1400 0.19
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Fig. 1. Dendrogram constructed from RAPD-based genetic distances (Dice) of the Brazilian Adesmia species and accessions
analysed. The thin vertical line indicates the cut point (mean genetic similarity). ARA, A. araujoi; ARI, A. arillata; BIC, A.
bicolor, Cll, A. ciliata; INC, A. incana; lAT, A. latifolia; MUR, A. muricata; PAR, A. paranensis; PSO, A. psoraleoides; PUN,
A. punctata; REI, A. reitziana; RIO, A. riograndensis; ROC, A. rocinhensis; SEC, A. securigerifolia; SUl, A. sulina; TRI,
A. tristis; VAL, A. vallsii.
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mode of reproduction, allogamous species normally pre
senting lower intra-population and higher intra-specific
similarities (higher intra-population and lower intra
specific variability), whereas autogamous species tend
to have higher intra-population similarities and lower
intra-specific similarities (higher intra-specific and lower
intra-population variability). Total or partial allogamy
seems to be the most common mode of reproduction
in Adesmia species. According to Tedesco et al. (1998,
2000), A. latifolia, A. murieata, A. punetata, A. tristis
and A. bicolor are allogamous or preferentially alloga
mous, A. seeurigerifolia, A. riograndensis and maybe
A. ineana are preferentially autogamous, whereas
A. araujoi, A. arillata, A ciliata, A. psoraleoides, A. reitzi
ana, A. roeinhensis, A. sulina and A. vallsii may be
preferentially allogamous.

The relatively high mean level of intra-accession
polymorphism observed in Adesmia (average of 56%

considering all the primers and species) is normally
expected in cross-pollinating species. In other alloga
mous species, such as Trifolium pratense (Campos-de
Quiroz and Ortega-Klose, 2001) and Lolium perenne
(Kolliker et al., 1999), percentages of polymorphic
RAPD loci were 800/0 and 640/0, respectively, therefore
higher than the 560/0 found for Adesmia. However,
those authors analysed only one species. On the other
hand, in the present work we have analysed 17 species
with varying modes of reproduction and as the overall
estimate of polymorphic loci included all the species,
the polymorphism value was probably decreased by
the autogamous and versatile species. Autogamous
species are expected to be less polymorphic. For
example, in Lathyrus sativus, an autogamous species,
50% of the RAPD fragments were shown to be poly
morphic (Croft et al., 1999). The assessment of isozymic
polymorphism in 10 Lathyrus species disclosed high
levels of diversity for allogamous species and low levels
of diversity for the autogamous ones (Bern Brahim
et al., 2002).

As expected, some of the allogamous or preferentially
allogamous Adesmia species presented lower intra-popu
lation than intra-specific similarities, for example A. latifo
lia, A. psoraleoides and A. bicolor, whereas the
preferentially autogamous species such as A. seeurigerifo
lia and A. riograndensis presented higher intra-popu
lation than intra-specific similarities (Table 3). In several
other allogamous species, such as Medieago sativa (Yu

and Pauls, 1993; Crochemore et al., 1996), Lolium perenne
(Sweeney and Danneberger, 1994) and Trifolium pratense
(Kongkiatngam et al., 1995), intra-population variability
assessed by DNA markers was higher than intra-specific
variability. In flex paraguariensis (Gauer and Cavalli
Molina, 2000), 85% of the RAPD diversity was detected
within populations. On the other hand, for the

49

autogamous Oryza glumaepatula, RAPD intra-population
variability accounted for 110/0 of the total variance (Buso
et al., 1998). The results for some Adesmia species did
not fit those expected with regard to their mode of repro
duction, as for example in the allogamous A. tristis and in
the autogamous A. ineana. This could be due to varying
degrees of reproductive versatility or to different genetic
structures within the populations. In Hordeum, De
Bustos et al. (1998) found a good correlation between
the level of intra-specific RAPD variation and the repro
ductive system, with the exception of the autogamous
H. marinum ssp. gussoneanum which showed an excep
tionally low inter-populational variation.

In conclusion, RAPD markers were efficient in the
characterization of all the Adesmia accessions studied,
allowing the assessment of genetic variation in the 17
Brazilian species of Adesmia. In general, the partition
of genetic variability was in agreement with the mode
of reproduction of the species, allogamous species pre
senting higher intra-population variability and lower
inter-population variability, the opposite being true for
autogamous species. The data reported here are import
ant contributions to a better knowledge of the Brazilian
Adesmia species and may be important for biodiversity
management as well for the planning of genetic breeding
programmes.

Acknowledgements

The authors thank Dr Solange Tedesco and Dr Jose
Francisco Montenegro Valls for supplying many of the
seeds; Dr Silvia Teresinha Sfoggia Miotto for taxonomic
identification; and Financiadora de Estudos e Projetos
(FINEP), Conselho Nacional de Desenvolvimento Cienti
fico e Tecnol6gico (CNPQ), Fundacao de Amparo a Pes
quisa do Estado do Rio Grande do SuI (FAPERGS) and
Comissao de Aperfeicoamento de Pessoal de Ensino
Superior (CAPES) for financial support.

References

Alfenas AC, Dusi A, Zerbini Junior FM, Robinson IP, Micales JA,
Oliveira JR, Dias LAS, Scortichini M, Bonde MR, Alonso SK,
Junghans TG and Brune W (1998) Eletroforese de Isoenzi
mas e Proteinas Afins. Fundamentos e Aplicacoes em Plan
tas e Microorganismos. Vicosa: Editora UFV.

Bern Brahim N, Salhi A, Chtourou N, Combes D and Marrakchi
M (2002) Isozymic polymorphism and phylogeny of 10
Lathyrus species. Genetic Resources and Crop Evolution
49: 427-436.

Boldrini II (1997) Campos do Rio Grande do SuI: caracterizacao
fisionomica e problerntica ocupacional. Flora ilustrada do
Rio Grande do SuI. Boletim do Instituto de Biociencias

https://doi.org/10.1079/PGR200429 Published online by Cambridge University Press

https://doi.org/10.1079/PGR200429


50

56. Porto Alegre: Editora da Universidade Federal do Rio
Grande do SuI.

Brummer EC, Bouton JH and Kochert G (1995) Analysis of
annual Medicago species using RAPD markers. Genome
38: 362-367.

Buso GSC, Rangel PH and Ferreira ME (1998) Analysis of genetic
variability of South American wild rice populations (Oryza
glumaepatula) with isozymes and RAPD markers. Molecu
lar Ecology 7: 107-117.

Buso GSC, Lourenco RT, Bianchetti LB, Lins TCL, Pozzobon M,
Amaral ZPS and Ferreira ME (2001) Espccies silvestres
do genero Capsicum coletadas na Mata Atlantica Brasileira
e sua relacao genetica com espccies cultivadas de
pimenta: uma primeira abordagem genetica utilizando
marcadores moleculares. Boletim Pesquisa Desenvolvi
mento 7: 1-22.

Campos-de-Quiroz H and Ortega-Klose F (2001) Genetic varia
bility among elite red clover (Trifolium pratense L.) parents
used in Chile as revealed by RAPD markers. Euphytica 122:
61-67.

Chtourou-Ghorbel N, Lauga B, Ben Brahim N, Combes D and
Marrakchi M (2002) Genetic variation analysis in the
genus Latbyrus using RAPD markers. Genetic Resources
and Crop Evolution 49: 363-370.

Coll J and Zarza A (1992) Leguminosas nativas promisoras:
trebol polimorfo y babosita. Boletin de divulgacion del
INIA 22. Montevideo: INIA.

Crochemore ML, Huyghe C, Kerlan MC, Durand F and julier B
(1996) Partitioning and distribution of RAPD variation in
a set of populations of the Medicago sativa complex. Agro
nomie 16: 421-432.

Croft AM, Pang ECK and Taylor PWJ (1999) Molecular analysis
of Latbyrus sativus L. (grasspea) and related Latbyrus
species. Euphytica 107: 167-176.

De Bustos A, Casanova C, Soler C and jouve N (1998) RAPD
variation in wild populations of four species of the genus
Hordeum (Poaceae), Theoretical and Applied Genetics 96:
101-111.

Doyle JJ and Doyle JL (1987) Isolation of plant DNA from fresh
tissue. Focus 12: 13-15.

Gauer L and Cavalli-Molina S (2000) Genetic variation in natural
populations of mate (flex paraguariensis A. St.-HiI., Aqui
foliaceae) using RAPD markers. Heredity 84: 647-656.

Gillies ACM and Abbott RJ (1998) Evaluation of random ampli
fied polymorphic DNA for species identification and phylo
genetic analysis in Stylosanthes (Fabaceae). Plant
Systematics and Evolution 211: 201-216.

Gustine DL, Voigt PW, Brummer CE and Papadoulos AY (2002)
Genetic variation of RAPD markers for North American
white clover collections and cultivars. Crop Science 42:
343-347.

Harris SA (1995) Systematics and randomly amplified
polymorphic DNA in the genus Leucaena (Leguminosae,

Paula Menna Barreto Dias et al.

Mimosoideae). Plant Systematics and Evolution 197:
195-208.

Kolliker R, Stadelmann FJ, Reidy Band Nosberger J (1999)
Genetic variability of forage grass cultivars: a comparison
of Festuca pratensis Huds., Lolium perenne L., and Dactylis
glomerata L. Euphytica 106: 261-270.

Kongkiatngam P, Waterway MJ, Fortin MF and Coulman BE
(1995) Genetic variation within and between two cultivars
of red clover (Trifolium pratense L.): comparisons of mor
phological, isozyme, and RAPD markers. Euphytica 84:
237-246.

Mengoni A, Gori A and Bazzicalupo M (2000) Use of RAPD and
microsatellite (SSR) variation to assess genetic relationships
among populations of tetraploid alfalfa, Medicago sativa.
Plant Breeding 119: 311-317.

Miotto STS and Leitao Filho HF (1993) Leguminosae-Faboideae,
Genero Adesmia DC. Flora ilustrada do Rio Grande do SuI.
Boletim do fnstituto de Biociencias 52. Porto Alegre: Edi
tora da Universidade Federal do Rio Grande do SuI.

Rodriguez JM, Berke T, Engle L and Nienhuis J (1999) Variation
among and within Capsicum species revealed by RAPD
markers. Theoretical and Applied Genetics 99: 147-156.

Rohlf J (2001) NTSYS-pc. Numerical Taxonomy and Multivariate
Analysis System, Version 2.1. New York: Exeter Software.

Scheffer-Basso SM, Jacques AVA, Dall'Agnol M, Riboldi J and
Castro SMJ (2001) Availability and nutritive value of the
wild leguminous Adesmia DC. and exotics Lotus L. Revista
Brasileira de Zootecnia 30: 975-982.

Sun Q, Ni Z, Liu Z, Gao J and Huang T (1998) Genetic relation
ships and diversity among Tibetan wheat, common wheat
and European spelt wheat revealed by RAPD markers.
Euphytica 99: 205-211.

Sweeney PM and Danneberger KT (1994) Random amplified
polymorphic DNA in perennial ryegrass: a comparison of
bulk samples vs. individuals. Hortscience 29: 624-626.

Tedesco SB, Dall'Agnol M and Schifino-Wittmann MT (1998)
Observacoes sobre 0 modo de reproducao em Adesmia
latifolia Spreng Vog. Ciencia Rural 28: 141-142.

Tedesco SB, Dall'Agnol M, Schifino-Wittmann MT and Valls JFM
(2000) Mode of reproduction of Brazilian species of Ades
mia (Leguminosae). Genetics and Molecular Biology 23:
475-478.

Tedesco SB, Schifino-Wittmann M and Dall'Agnol M (2002)
Meiotic behaviour and pollen fertility in Brazilian species
of Adesmia DC. (Leguminosae). Caryologia 55: 341-347.

Williams JGK, Kubelik AR, Livak KJ, Rafalski JA and Tingey SV
(1990) DNA polymorphism amplified by arbitrary primers
are useful as genetic markers. Nucleic Acids Research 18:
6531-6535.

Yu K and Pauls KP (1993) Rapid estimation of genetic related
ness among heterogeneous populations of alfalfa by
random amplification of bulked DNA samples. Theoretical
and Applied Genetics 86: 788-794.

https://doi.org/10.1079/PGR200429 Published online by Cambridge University Press

https://doi.org/10.1079/PGR200429

