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Abstract

A combination of PCR- and hybridization-based genome scanning techniques and sequence
comparisons between non-coding chloroplast DNA flanking tRNA genes has been employed to screen
Dioscorea species for intra- and interspecific genetic diversity. This methodology detected extensive
polymorphisms within Dioscorea bulbifera L., and revealed taxonomic and phylogenetic relationships
among cultivated Guinea yams varieties and their potential wild progenitors. Finally, screening of yam
germplasm grown in Jamaica permitted reliable discrimination between all major cultivars. Genome
scanning by microsatellite-primed PCR (MP-PCR) and random amplified polymorphic DNA (RAPD)
analysis in combination with the novel random amplified microsatellite polymorphisms (RAMPO)
hybridization technique has shown high potential for the genetic analysis of yams, and holds promise for
other vegetatively propagated orphan crops.

1. INTRODUCTION

The design of a series of molecular techniques and the development of molecular
markers during the past decade catalyzed plant genome research dramatically. Even large
genomes can now be scanned rapidly and reproducibly without any sequence information or
cloning steps, and this process generates genomic or DNA fingerprints of varying complexity.
One of the main goals in genomic fingerprinting was to reduce the enormous complexity of the
original genome into simple patterns, that would allow visualization of sequence differences
between two or more genomes. Such differences originate from mutations, such as transitions,
transversions, inversions, insertions, deletions, or generally small- or large-scale DNA
rearrangements, that occurred in one, but not the other genome, and may be detected by either
amplification or hybridization techniques. DNA amplification exploits the polymerase chain
reaction (PCR), a technique that allows multiplication of a target sequence exponentially, with
the help of short, flanking oligodeoxynucleotide primers. DNA hybridization in turn is based on
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the sequence-specific Watson-Crick interactions between two single-stranded DNAs, the
target and the probe. In each case, a "fingerprint" is produced, a multi-band pattern detected
by either ethidium bromide staining of the electrophoretically separated amplification products
or autoradiography of hybrids between a radioactively labelled probe and its target sequence.

Both technologies have been applied extensively to diverse problems in plant biology,
such as the reliable identification of individuals, clones, breeding lines, cultivars, hybrids,
parents and progenies, the estimation of intra- and interspecific relatedness and diversity, the
analysis of phylogenetic relationships, the demonstration of gene flow in populations, the
genetic and physical mapping of agronomically important traits, their marker-assisted selection,
and the isolation of candidate genes by map-based cloning (for a review, see Winter and Kahl
[1]). The repertoire of fingerprinting techniques also extends into screening of expressed genes
(RNA fingerprinting, differential display [2,3,4]).

The amplification fingerprint techniques fall into two broad categories. While random
amplified polymorphic DNA (RAPD) analysis [5], arbitrary-primed PCR (AP-PCR) [6], DNA
amplification fingerprinting (DAF) [7] and related methods employ primers of arbitrary
sequence to amplify anonymous regions of the template DNA, another class of techniques
targets repetitive DNA: microsatellite-primed PCR, (MP-PCR) [8]; anchored microsatellite-
primed PCR, (AMP-PCR) [9]. Both classes of techniques as well as various modifications and
combinations thereof, such as random amplified microsatellite polymorphisms (RAMPO) [10],
are now globally used, primarily because they are relatively cheap, do not require any prior
DNA sequence information, are easy to handle, and fast. They meet, however, with several
problems, one of them being the sensitivity to amplification parameters. For example, RAPD
patterns can usually be reproduced by one and the same experimentor only, and are therefore
not robust. Also, the homology of comigrating amplification bands is obscure, unless tested by
hybridization. In spite of these and other drawbacks, the amplification fingerprint techniques
found wide acceptance as opposed to hybridization-based fingerprinting ("DNA
fingerprinting"). The latter method is a derivative of RFLP analysis [13]: completely restricted
genomic DNA is electrophoresed in agarose, the restriction fragments either transferred to a
membrane or, alternatively, the gel dried, and the blot or dried gel hybridized to
(non)radioactively labelled, mini- or microsatellite-complementary probes. The hybrid
molecules between probe and target are detected by chemiluminescence or autoradiography
This so-called oligonucleotide fingerprinting technique, though experimentally demanding,
time-consuming and expensive, is extremely reliable, reproducible and robust, and allows
detection of polymorphisms in an otherwise monotonous genetic background [11,12].
Oligonucleotide or microsatellite fingerprinting was successfully applied to various problems in
plant taxonomy, phylogeny, breeding and protection of breeder's rights (e.g., identification of
cultivars or clones [13]).

Recently, we developed a technique that combines amplification and hybridization
procedures for genome scanning. This novel strategy was derived from the idea that any
RAPD or MP-PCR reaction would generate thousands of different amplification products of
varying abundance. Only a few (i.e. between 1 and 20) such products can be visualized by
ethidium bromide staining, whereas most of them remain below detection level. However,
these low-abundance amplicons, invisible after ethidium bromide staining of agarose gels, can
be detected if they carry microsatellites (stretches of mono-, di-, tri- or tetranucleotide tandem
repeats such as [A]n, [TA]n, [AAT]n, or [GATA]n). And since microsatellites are ubiquitous
components of all eukaryotic genomes, detection of these second-level DNA markers is
possible with (non) radioactively labelled microsatellite motifs, hybridization and lumino- or
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autoradiography. We have named this novel technique RAMPO (Random Amplified
Microsatellite Polymorphism Detection [14]).

The potential of a combined arbitrary primer technology and microsatellite hybridization
detection approach is here exemplified with the mainly (sub) tropical genus Dioscorea, of
which the edible species ("yams") possess substantial cultural, social and economic importance
in West Africa, the Caribbean, the Indian Subcontinent, Southeast Asia and Polynesia, and are
typically vegetatively propagated crops.

2. MATERIALS, METHODS AND PROBLEMS

2.1. Materials

The plant material belongs to three classes. First, 23 accessions of aerial yam (Dioscorea
bulbifera), originating from different geographical regions were probed for intraspecific
diversity and relatedness (Table I). Second, 21 accessions of cultivated Guinea yam (D.
rotundata and D. cayenensis) were analyzed together with 21 accessions belonging to seven of
their potential progenitor species in order to re-examine Guinea yam taxonomy and phytogeny
(Table II). Third, eleven cultivars belonging to five different yam species grown in Jamaica
were used to establish a cultivar identification system for Jamaican yam germplasm (Table III).

TABLE I. DIOSCOREA BULBIFERA COLLECTION

Accession

DB1

DB3

DB9303

DB9304

DB9307

DB5

DB6

DB7

DB8

DB9

DB10

DB12

DB13

DB16

DB18

DB235

DB247

DB267

Variety

anthropophagorwn (cultivated)

anthropophagorum (cultivated)

anthropophagorum (cultivated)

alveolata (wild)

anthropophagorum (cultivated)

suavior (cultivated)

elongata (wild)

sativa (cultivated)

sativa (cultivated)

sativa (wild)

heterophylla (wild)

suavior (cultivated)

vera (wild)

heterophylla (wild)

heterophylla (wild)

vera (wild)

vera (wild)

vera (wild)

Origin

Antananarivo; Madagascar

Lushoto; Tanzania

Majan I; Ethiopia

Majan II; Ethiopia

Majan III; Ethiopia

Townsville (Qld.); Australia

Nambayufa; Papua New Guinea

Tonga Island

Oahu Island; Hawaii

Hawaii Island; Hawaii

Sandimen; Taiwan

Wushe; Taiwan

Lanyu Island; Taiwan

Cheng Mai; Thailand

Cheng Sen; Thailand

Aki, Oita; Japan

Tosa Ichino, Kochi; Japan

Nakahanda, Oita; Japan
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Accession Variety Origin

DBNC1
BotI

Botll

Bot III

D. burMlliana

unknown (wild)
unknown

unknown

unknown

(wild)

Mamie; New Caledonia
Bot. Garden Karlsruhe; Germany

Bot. Garden Darmstadt;
Germany
Bot. Garden Giessen; Germany

Oni Gambari; Nigeria

TABLE II. GUINEA YAMS COMPLEX AND WILD RELATIVES

Species Code Origin
D. rotundata
D. rotundata
D. rotundata

D. rotundata
D. rotundata
D. rotundata
D. rotundata
D. rotundata
D. rotundata
D. rotundata
D. rotundata

D. rotundata
D. rot. ID. cay.

D. rot. ID. cay.
D. cayenensis
D. cayenensis
D. cayenensis
D. cayenensis
D. cayenensis

D. cayenensis

D. cayenensis

D. abyssinica

D. abyssinica
D. abyssinica
D. praehensilis

rotl
rot 2
rot 3

rot 4
rot 5
rot 6
rot 7
rot 8
rot 9
rot 10
rot 11

rot 12
rot/cay 1

rot/cay 2
cay 1
cay 2
cay 3
cay 4
cay 5

cay 6

cay 7

aby 1

aby2
aby 3
prae 1

D. praehensilis prae 2

Delta Nigeria
Delta Nigeria
Yoruba Land,
Nigeria
IITA, Nigeria
Nibo; Nigeria
Mbiri; Nigeria
Nigeria
Togo
Nigeria
Nigeria
Manchester,
Jamaica
St. Ann, Jamaica
Manchester,
Jamaica
Nigeria
Nigeria
Ghana
Ivory Coast
Ivory Coast
Manchester,
Jamaica
Manchester,
Jamaica
St. Elizabeth,
Jamaica
Bode Sadu,
Nigeria
Mokwa, Nigeria
Mokwa, Nigeria
IITA forest,
Nigeria
Ore, Nigeria
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Species
D. praehensilis

D. liebrechtsiana

D. liebrechtsiana
D. liebrechtsiana

D. smilacifolia

D. smilacifolia
D. smilacifolia
D. minutiflora
D. minutiflora
D. minutiflora
D. togoensis

D. togoensis

D. togoensis

D. burkilliana

D. burkilliana

D. burkilliana

D. bulbifera
D. alata

D. opposita
D. trifida

D. sansibarensis
Tamus communis

2.2. Methods

Code
prae 3

lieb 1

Iieb2
lieb 3

smil 1

smil2
smil 3
min 1
min 2
min 3
togo 1

togo 2

togo 3

burkl

burk2

burk3

bulbl
alat

oppo
trif

sansi
tarn

Origin
Omo junction,
Nigeria
Omo, Nigeria

Omo, Nigeria
Oni Gambari,
Nigeria
IITA forest,
Nigeria
Onne, Nigeria
Omo, Nigeria
Ifon, Nigeria
Omo, Nigeria
Ore, Nigeria
IITA forest,
Nigeria
Bode Sadu,
Nigeria
IITA forest,
Nigeria
IITA forest,
Nigeria
Oni Gambari,
Nigeria
Oni Gambari,
Nigeria
Oita, Japan
St. Elizabeth,
Jamaica
Kyoto, Japan
St. Catherine,
Jamaica
Berlin, Germany
Berlin, Germany

Total genomic DNA was isolated from fresh or lyophilized leaves using either a modified
Dellaporta technique specifically adapted to yam leaves or tubers [15,16] or a modified CTAB
procedure with subsequent purification of the DNA by CsCl buoyant density gradient
centrifugation [17]. Both DNAs are of sufficient purity for short-term RAPD or MP-PCR
experiments. However, for longer periods of storage or long-term experiments with necessary
repetitions, only CsCl-purified DNA proved to be stable and gave consistent and reproducible
results [18]. Therefore this additional purification is strongly recommended and was included
in the experiments with both aerial and Guinea yam. RAPD analysis was performed essentially
as described [18], MP-PCR followed the procedure of [8], and RAMPOs were detected by
published techniques [14,19]. Unequivocal positions of RAPD and MP-PCR bands were
transformed into binary character matrices, and pairwise distances calculated with simple
matching, as well as the Jaccard coefficient and the similarity index according to Nei and Li
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[20]. Additive trees based on distance matrices were generated by the neighbor-joining method
[21]. Alternatively, binary character matrices were analyzed by the split decomposition
approach [22].

TABLE III. JAMAICAN YAM SPECIES AND CULTIVARS

Species Cultivar Sampling location

D. alata

D. cayenensis

D.cayenensis/
rotundata
D. rotundata

D. trifida
D. esculenta

Tamus communis

St. Vincent
Sweet Yam
White Yam
Roundleaf
Blackwiss
Tau Yam

Lucea Yam
Negro Yam
Mozella
Yampie Yam
Chinese Yam

A, B, C, H, L, M
E, G, H, M
E B
E,' A, B, C, D, F, H, I
E , B , D , H , I , K , M
E,F

E,I ,M
E, I, F, G, K, M, L
E,F
E,C,D
E, D, K

Botanical Garden,
Frankfort; Germany

Abbreviations: Local name,District; A. Stony Hill, St. Andrew; B. Mt. Moreland,St. Catherine;
C. Sygoville, St. Catherine; D. Kentts, Clarendon; E. Mandeville, Manchester; F. Brown
Town, St. Ann; G. Clarement, St. Ann; H. Faiths Pen, St. Ann; I. Rosehall, St. Elizabeth; K.
Dalton, St. Elizabeth; L. Caysham, St. Elizabeth; and M. Cesnock, Hanover.

The amplification and sequencing of three non-coding regions encompassing chloroplast
tRNA genes trnTuGu, trnLvAA and trnFGAA as well as evaluation of the sequence data were
described [23,40].

2.3. Problems

2.3.1. Dioscorea bulbifera

The monocotyledonous Dioscoreaceae comprise about 600 different species with mainly
tropical and subtropical habitats. A subset of these species, collectively referred to as "yam"
are grown as economically important tuber crops, especially in Africa ("yam belt"), the
Caribbean basin, Asia and Polynesia. One of the cultivated species, D. bulbifera L. (aerial yam)
is somewhat exceptional, since it develops edible aerial bulbils from meristems at the base of
the petioles, is the sole Dioscorea species present both in Africa and Asia in wild forms, and
possesses an extremely high intraspecific morphological polymorphism (e.g. plasticity of bulbil
shape and flesh colour). This extreme morphological variation led to several controversial
taxonomical concepts. Either Asian and African forms were regarded as distinct and different
species (Asian D. bulbifera, African D. anthropophagorum; both with a series of varieties
[24]), or classified as only one species with one African variety, and nine different Asian
varieties [25]. More recently, the African form was also subdivided into several varieties [26].
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Finally, on the basis of chloroplast RFLP data two primary clusters were prevalent, an African
cluster (three accessions) and an Australasian cluster with twelve accessions [27].

2.3.2. Guinea yam complex

The culturally and economically most important tuber crop of the "yam belt" in West
Africa is referred to as "Guinea yam". It consists of two forms, distinguishable by the colour of
the tuber flesh: the "yellow yam" (D. cayenensis), and the "white yam" (D. rotundata). The
archetypes of both forms are distinct, but many intermediates and about 500 - 2500 cultivars
present an almost insurmountable task for unequivocal classification. Moreover, an almost
exclusive vegetative propagation over many hundreds of years has rendered many cultivars
sterile, so that no crossing experiments can be performed. Even in fertile cultivars, crossing by
hand pollination is demanding, because the flowers are tiny and the pollen is sticky. Since the
normal fertilization is insect-borne, cross- contamination with pollen from other species is a
problem [28] All these obstacles make a traditional approach to solving the species problem
difficult, if not impossible. Consequently, different views exist as to the taxonomy of Guinea
yams. Both forms were either thought to represent one single, yet highly evolved species [29],
or two clearly separable species. [30], or two well-separated clusters with some intermediate
forms [31,32].

Also, the phylogeny of Guinea yam is obscure. Earlier investigations implied more than
ten different species of the Enantiophyllum section as progenitors [24]. Ecological
considerations led to the view that D. rotundata evolved from hybridization events between
the rainforest species, D. cayenensis, and the savannah species, D. praehensilis [33].
Chemotaxonomical data also suggested a polyphyletic origin of the complex [34]. Finally,
nuclear and chloroplast RFLP analyses detected a close relationship between D. rotundata on
one hand, and D. abyssinica, D. liebrechtsiana and D. praehensilis on the other. D.
cayenensis cultivars shared the same chloroplast genotype with these potential progenitors, but
also a nuclear rDNA marker with D. burkilliana, D. minutiflora and D. togoensis. These data
were interpreted to indicate that D. cayenensis was a hybrid and D. rotundata a true species
[35].

2.3.3. Cultivar identification

Yam cultivars are generally distinguished by morphological criteria, which, however, are
dependent on environmental parameters and therefore quite variable and not reliable.
Moreover, unequivocal cultivar identification is hindered by linguistic barriers. For example,
most cultivated forms of yams have never been named conclusively. Therefore, each location
has its own repertoire of names for cultivars, and even cultivars from different species are often
called by the same name. We chose the Jamaican yams with eleven local varieties from the five
cultivated species D. rotundata, D. trifida, D. esculenta, D. alata and D. cayenensis as a
model system to identify yam cultivars by DNA profiling.

3. RESULTS AND DISCUSSION

The results of this research have both technical and scientific dimensions.

3.1. The techniques

Since RAPD analysis is based on an enzymatic reaction driven by primers of arbitrary
sequence, small changes in the reaction conditions might change the results. Moreover, yam
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DNA is probably associated with firmly bound proteins which may interfere with restriction or
amplification [36]. Therefore it is an absolute prerequisite for reliable and reproducible RAPD-,
MP-PCR- or RAMPO-experiments to use highly purified DNA and to optimize the reaction
conditions for each technique. All the DNAs used for intraspecific studies of aerial and Guinea
yams were separated from RNAs and proteins by CsCl gradient centrifligation. This procedure
yielded template DNAs that allowed accurate quantification (by spectrophotometry) and
reliable template concentrations in all the experiments, clear-cut banding patterns with all the
techniques, and extreme reproducibility. Also, the large numbers of detectable RAPD bands in
our experiments can be attributed to the high quality of the template.

The RAMPO technique expands the information content of a single RAPD- or MP-PCR
gel severalfold, since the previously bound radioactive probe can be washed off the blot before
it is rehybridized with the next probe. The probe repertoire is enormous, and (A)i6, (GA)s,
(CA)g, (GAA)5, (CAA)5, (CCTA)4, (GTGA)4 and the telomeric (CCCTAAA)3 all detected
RAMPOs, whether a RAPD- or MP-PCR gel was used [19]. The RAMPO patterns are highly
reproducible, and usually less complex than the underlying RAPD- or MP-PCR gels. We
regard RAMPOs as second-level DNA markers. Pattern complexity can be tailored by
primer/probe combinations, and seems to be higher in RAMPOs based on MP-PCR as
compared to RAPD experiments. The level of detected polymorphisms is similar to that
obtained with RAPD or MP-PCR alone. We consider RAMPO bands to be more reliable than
RAPD or MP-PCR amplicons, because not only the amplification fragment size, but also the
hybridization signal intensity (indicative of the presence and copy number of the micro satellite)
can be scored simultaneously, and the problem of false interpretation of homology is therefore
greatly reduced.

3.2. Intraspecific variability (D. bulbifera)

The extent of genetic diversity and the genetic relationships between different D.
bulbifera accessions belonging to different varieties were successfully probed with RAPD and
RAMPO techniques [14,18]. The ten arbitrary primers revealed 375 different band positions
among the 23 D. bulbifera accessions used, and only eight of them were monomorphic
between all D. bulbifera DNAs. This considerable intraspecific variability exceeds that
detected in tomato [37] or groundnut [38]. As should be expected from the exclusive
vegetative propagation of cultivars, within-cultivar variability in D. bulbifera was nil or
negligible. With few exceptions, the accessions grouped together according to their varietal
affiliation.

Using different algorithms, the data nevertheless led to robust phenograms with a clear
separation of the African and Asian-Polynesian accessions (see also [27] and [39]). This result
lends credence to Burkill's hypothesis that both populations were separated from each other
about 10 million years ago, when southwestern Asia began to desertify. The Asian and
Polynesian accessions also group separately, but the distinction is less clearcut, suggesting a
more recent separation of both groups (Fig.l). RAMPO banding corroborates the hypothesis
of divergent evolution of the African from the Asian-Polynesian D. bulbifera, since several
(GA)g RAMPO bands are only present in the African accessions [14].

3.3. The taxonomy and phylogeny of the Guinea yams complex

RAPD, MP-PCR and RAMPO analyses as well as sequence comparisons of non-coding
chloroplast DNA were employed to solve two major problems surrounding the Guinea yams
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complex: first, are D. rotundata and D. cayenensis to be considered as two distinct species,
and second, what are the progenitors of cultivated Guinea yams?

Our RAPD and MP-PCR, but also RAMPO, data strongly support the two species
concept [30], because phenograms and split graphs clearly separated the D. rotundata and D.
cayenensis accessions, and - equally important - RAMPO bands were detected that were
diagnostic for either D. cayenensis or D. rotundata [23], though the different cultivars
originated from different locations (here Africa and Jamaica). Two morphological
intermediates grouped together with D. rotundata (Fig.2). No intraspecific sequence variation
was found in the non-coding chloroplast DNA regions investigated, which could be expected
in view of the relative stability of the chloroplast genome. In yams, this marker type appears to
be useful at the species or genus levels only, but not informative intraspecifically [23]. The only
problem we are facing is the relatively small number of accessions that could be involved (21
accessions of Guinea yam and 21 accessions belonging to seven putative progenitor species).
Two morphological intermediates grouped together with D. rotundata.

Taken together, our data support the hypothesis that D. cayenensis and D. rotundata
belong to two different taxa.

Now, which wild species represent the actual progenitors of cultivated Guinea yams? It
was already known from chloroplast RFLP analyses, that both forms of cultivated Guinea yam
shared the same chloroplast type as D. abyssinica, D. liebrechtsiana and D. praehensilis [35].
Our RAPD-, MP-PCR and chloroplast sequence data altogether support this presumptive
progenitor-successor relationship. Also, the occurrence of shared RAMPO bands points to D.
rotundata, D. liebrechtsiana and£>. praehensilis as one related group [23].

On the other hand, D. burkilliana, D. minutiflora, D. smilacifolia and D. togoensis each
possess a different chloroplast DNA type, but share a common nuclear rDNA fragment with D.
cayenensis [35]. These characteristics were interpreted as an indication for the hybrid nature of
D. cayenensis, incorporating features of both precursor groups. The tentative female parent
would then either be D. rotundata, D. abyssinica, D. liebrechtsiana or D. praehensilis, the
male parent a member of the other progenitor group [35]. At least some of our RAMPO data
support the hybrid nature of D. cayenensis; this species shared common RAMPO fragments
with D. minutiflora, D. burkilliana, and also D. smilacifolia. •

Our data are consistent with the possibility that D. cayenensis is an asymmetric hybrid,
whose female donor would have been D. rotundata, D. praehensilis, D. abyssinica or D.
liebrechtsiana, donating the mass of nuclear DNA and the chloroplast genome. The smaller
part of the nuclear DNA would then have been contributed by either D. burkilliana, D.
minutiflora or D. smilacifolia. And it is this part that can be detected by a subset of RAPD and
RAMPO fragments. The D. cayenensis cultivars, as a group, being genetically very similar,
would then originate from one and the same hybridization event [23].

3.4. Cultivar identification of Jamaican yams

The yam species grown in Jamaica are representative for the whole Caribbean basin.
Historically, these yams have been introduced more recently via the slave trade route from
West Africa, and belong to five species: Dioscorea alata, D. cayenensis, D. esculenta, D.
rotundata, and D. trifida. All these species in turn split into many cultivars, of which those
from D. alata and D. cayenensis contribute the bulk of Jamaican (or Caribbean) yam
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991 Bot. Garden, Giessen; Germany/var. ?
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100

83

66

57

85

100

Bot. Garden. Darmstadt; Germany/var. ?

*— Bot. Garden. Karlsruhe; Germany/var. ?

— DB7: Tonga Island/var. saliva

— DBNC1; New Caiedonia/var. ?

DBS; Australia/var. suavior

DB8; Hawaii/var. sativajooT
DB9; Hawaii/var. sativa

DB6; Papua New Guinea/var. elongata

DB18; Thailand/var. heterophylla

DB16; Thailand/var. heterophylla

- DB 12; Taiwan/var. suavior

DB10; Taiwan/var. heterophylla

DB 13; Taiwan/var. vera

DB247; Japan/var. vera
100

Tr

100

ygi— DB23S; Japan/var. vera

DB267; Japan/var. vera

DB9304; Ethiopia/var. alveolata

DB9307; Ethiopia/var. anthropophagorum

DB9303; Ethiopia/var. anthropophagorum

DB I; Madagascar/var. anthropophagorum

DB3; Tanzania/var. anthropophagorum

L DB3; Tanzania/var. anthropophagorum

100

D. burkilliana (outgroup)

FIG. 1. Neighbour-joining tree ofD. bulbifera accessions based on RAPD analysis. Presence/absence
of bands at 375 positions revealed by 10 different Operon primers was transformed into a distance
matrix using the simple matching coefficient of similarity and analyzed by the neighbor-joining option
of the NTSYS-pc software package. Dioscorea burkilliana was included as an outgroup to root the
dendrogram. Numbers at the nodes represent bootstrap values. The relative genetic distance is
indicated by the horizontal bar.

30



burk3
burfcl

togol

togo2

bulb

FIG. 2. Split decomposition analysis of the relatedness of D. rotundata, D. cayenensis and their
putative wild ancestor species, based on 246 RAPD and MP-PCR characters.

D. abyssinica
D'. praehehsilis '.•'.•
D. Ifebrechisiaria-

D. rotundata D. cayenensis

D. togoensis

:D\:burki'lli.ana:-
'.D-.'.miriu'ti flora-

FIG. 3. Hypothetical origin of Guinea Yam (D. rolundata/D. cayenensis). In this scheme. D.
cayenensis represents an asymmetric hybrid, whose presumptive female parent is either D. rotundata.
D. praehensilis, D. abyssinica or D. liebrechtsiana, contributing the chloroplast genome and most of
the nuclear DNA. Each of D. burkilliana, D. minutiflora or D. smilacifolia could be the male parent,
origin of a minor part of nuclear DNA (thai can be traced by a subset of liAPD and RAMPO
markers).
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production. Over the past decade, increasing exports to the US added to the economic value of
this crop. In spite of their importance as a food and cash crop, yam cultivars have not yet been
unequivocally classified.

A sound classification can be achieved with RAPDs. After careful adjustment of reaction
conditions, clear-cut banding patterns were produced from nine of fifteen arbitrary primers.
These RAPD patterns were highly reproducible and somatically stable (i.e., identical patterns
were obtained with either leaves, shoots or roots). RAPDs readily discriminated between the
different Dioscorea species, and cultivars as well. Cultivar identification is most desirable, both
for protection of breeders rights and improvement programs, and can be achieved
unambiguously with RAPDs [41]. RAPD fingerprints are therefore reliable and mitotically
stable tools to typify yam cultivars. As expected, intracultivar variability was negligible, though
different plants of the same cultivar were taken from different growing areas in Jamaica [41].
This lack of intracultivar variability also holds for other vegetatively propagated crops [42,43,
44,45], though exceptions of this rule are known [46].

The combined amplification and hybridization techniques are powerful tools for solving
even delicate problems of the taxonomy and phylogeny of vegetatively propagated crops, and
to protect breeder's rights by unequivocally profiling different cultivars of a taxon, exemplified
here with the genus Dioscorea (yam).
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