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Abstract The AFLP technique was used to assess the
genetic relationships among the cultivated papaya
(Carica papaya L.) and related species native to Ecua-
dor. Genetic distances based on AFLP data were estimat-
ed for 95 accessions belonging to three genera including
C. papaya, at least eight Vasconcella species and two
Jacaratia species. Cluster analysis using different meth-
ods and principal co-ordinate analysis (PCO), based on
the AFLP data from 496 polymorphic bands generated
with five primer combinations, was performed. The re-
sulted grouping of accessions of each species corre-
sponds largely with their taxonomic classifications and
were found to be consistent with other studies based on
RAPD, isozyme and cpDNA data. The AFLP analysis
supports the recent rehabilitation of the Vasconcella
group as a genus; until recently Vasconcella was consid-
ered as a section within the genus Carica. Both cluster
and PCO analysis clearly separated the species of the
three genera and illustrated the large genetic distance be-
tween C. papaya accessions and the Vasconcella group.
The specific clustering of the highly diverse group of
Vasconcella x heilbornii accessions also suggests that
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these genotypes may be the result of bi-directional intro-
gression events between Vasconcella stipulata and Vas-
concella cundinamarcensis.
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Introduction

Papaya (Carica papaya L.) is a member of the Caricac-
eae, a small dicotyledonous family consisting of six gen-
era of herbaceous, shrubby or arborescent plants (Badillo
1971, 1993, 2000). It is now the only species belonging
to the genus Carica, since Badillo rehabilitated the Vas-
concella group, until recently considered as a section
within the genus Carica (Badillo 2000). Vasconcella,
now comprising 21 species, is the largest genus of the
family, followed by the genus Jacaratia with seven spe-
cies. These two genera are predominantly South Ameri-
can in origin whereas the domesticated papayas appear
to have originated from a small-fruited ancestor in Cen-
tral America (Badillo 1993). The other genera include
Jarilla with three species, from Mexico and Guatemala,
Horovitzia with only one species indigenous to Mexico
and Cylicomorpha with two species. Cylicomorpha is the
only genus native to equatorial Africa (Badillo 1993).
Papaya is by far the best known and economically
most important species of the family. Dioecious and her-
maphrodite cultivars are grown in many tropical and
subtropical countries for their edible, vitamin-rich fruits
and to a lesser extent also for their milky latex (Drew et
al. 1998). The different proteinases, present in the latex
obtained from green unripe fruits, have a broad spectrum
of activity and are therefore widely used in the food and
pharmaceutical industries (Madrigal et al. 1980). Papaya
production doubled over the last 5 years and was about
7.2 million metric tons in 2000, with almost half of this
amount produced by Brazil (FAO 2001). Fifteen of the
21 species in the genus Vasconella, the so-called high-
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land papayas, grow in the upland valleys of Ecuador at
up to 3,000 m above sea level (Badillo 1971, 1983,
1997). Some of these highland papayas are regarded as
unexploited species, while others possess interesting ag-
ronomic traits that may be useful in papaya breeding
(National Research Council 1989). The Babaco (Vascon-
cella x heilbornii cv ‘Babaco’) is believed to be a natural
sterile hybrid of Vasconcella stipulata and Vasconcella
cundinamarcensis (formerly Carica pubescens) originat-
ing in the Ecuadorian highlands (Horovitz and Jimenez
1967). Thanks to its large seedless fruits and higher
yields than papaya, Babaco cultivation is beginning in
other countries (Kempler and Kabaluk 1996). So far,
intergeneric hybridization of cultivated C. papaya with
its wild Vasconcella relatives has been possible only
with embryo or ovule rescue, since endosperm develop-
ment does not occur (Manshardt and Wenslaff 1989;
Manshardt and Drew 1998). However, new biotechno-
logical approaches for gene transfer are increasing the
potential for exploiting useful genes from these wild spe-
cies (Drew et a. 1998).

In the course of previous ethnobotanical inventories
of wild and semi-domesticated edible plants in southern
Ecuador, an unrecognised variability among and within
the species of the genus Vasconcella has been observed
(Jiménez et al. 1999). Many of the wild relatives of pa-
paya are intercompatible and can cross-pollinate to pro-
duce hybrids with varying degrees of fertility. These hy-
brids occur spontaneously in areas where species distri-
butions overlap (Badillo 1971). A new Vasconcella spe-
cies was discovered in 2000 (Badillo et al. 2000) with
probably additional species yet to be discovered (Nation-
a Research Council 1989). There aso exists a need to
monitor, collect and preserve the genetic resources in
Ecuador, as certain habitats of these and other species
are under great pressure for land clearance.

Badillo has published extensively on the taxonomical
classification of the Caricaceae using primarily morpho-
logical traits (Badillo 1971, 1993, 1997, 2000). Only a
few molecular studies addressed inter- and intra-specific
relationships among Caricaceae spp. 1sozyme and ran-
dom amplified polymorphic DNA analysis (RAPD) were
used to study the genetic diversity among C. papaya va-
rieties (Stiles et al. 1993; Morshidi 1998). Jobin-Décor et
al. (1997) were the first to analyse the genetic relation-
ships between six Vasconcella species and C. papaya us-
ing isozyme and RAPD marker data. They concluded
that C. papaya is only distantly related to Vasconcella
and revealed the close genetic relatedness among the
South American relatives. These findings were support-
ed by an analysis of chloroplast DNA diversity in C. pa-
paya and 11 Vasconcella species (Aradhya et al. 1999).
Based upon this work, combined with his own morpho-
logical observations, Badillo (2000) proposed the reha-
bilitation of the section Vasconcella as a genus.

Because the relationships within and between the gen-
era Carica and Vasconcella are still incompletely under-
stood, a more detailed analysis using other molecular
techniques is necessary. The amplified fragment length

polymorphism (AFLP) method (Vos et a. 1995) has
been succesfully employed for fingerprinting varieties,
cultivars and clones (e.g. Barrett and Kidwell 1998).
Moreover, AFLP also proved effective to analyse inter-
and intra-specific genetic diversity among highly diverse
species, as illustrated for a wide range of crop species
and their wild relatives (e.g. Aggarwal et al. 1999). In
the present study, we used AFLP to determine the genet-
ic diversity and the phenetic relationships among a group
of 95 accessions of Carica, Vasconcella and Jacaratia
species collected in Ecuador. This study is also the first
to include Vasconcella palandensis, Vasconcella weberb-
aueri, Vasconcella candicans and Jacaratia digitata in a
DNA-fingerprinting study.

Materials and methods

Plant material

All plant material was collected in Loja province, southern Ecua-
dor. Fresh young leaves were cut off and dried with silica gel. A
total of 95 accessions were included in the AFLP analysis, com-
prising six accessions of C. papaya, 83 accessions of at least eight
different Vasconcella species, together with three accessions of
both Jacaratia spinosa and J. digitata (Table 1).

DNA isolation and AFLP analysis

DNA extraction was performed on dried leaf tissue ground in lig-
uid nitrogen. Total genomic DNA was extracted using the Qiagen
Dneasy Plant Mini Kit (Qiagen GmbH, Hilden, Germany).

The AFLP analysis was carried out essentially as described by
Vos et a. (1995) with minor modifications. All primers and adap-
tors were obtained from Genset (Paris, France). AFLP templates
were prepared by simultaneous digestion of about 500 ng of DNA
with EcoRIl and Msel. Ligation of the restriction fragments to the
adapters was performed in the same step. A 1.5 dilution of the re-
stricted and adapter-ligated DNA was used as a template in the
pre-amplification reactions. Three different sets of pre-amplifica-
tion products were generated using an EcoRI-primer carrying zero
selective nucleotides (E-0) in combination with a Msel-primer car-
rying two selective nucleotides (either M-AC, M-CT or M-GC).
For the final selective amplification, the 1:10 diluted pre-amplified
DNA was amplified using a y-[33P]-ATP labelled EcoRI-primer
carrying two selective nucleotides (E-GA, E-CG or E-GT) in com-
bination with a Msel-primer containing four selective nucleotides
(either M-ACAA, M-GCGT, M-CTGG or M-CTGT). Pre-selec-
tive and selective primer pairs were chosen based on the result of
an initia screening for polymorphism among a limited number of
samples. Following amplification, an equal volume of formamide
loading dye was added to the PCR products. After denaturation,
the products were separated electrophoretically on 5% denaturat-
ing polyacrylamide gels, and bands were visualized using autora-
diography. The SequaMark DNA size marker (Research Genetics),
ranging in size from 50 to 500 bp, was used to determine fragment
sizes.

Data analysis

For each accession, the DNA fingerprints were scored by visual
inspection for presence (1) or absence (0) of specific AFLP-bands.
Only distinct, major bands were scored. The resulting data matri-
ces were analysed using the Treecon (Version 1.3b; Van de Peer
and De Wachter 1994) or NTSYS-pc program (Version 2.10L;
Rohlf 2000). Genetic similarities based on the Dice coefficient
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Table1 List of accessions utilized in this study, their codes and origin.  This group represents 13 accessions that could not be assigned to any
of the described varieties of V. x heilbornii Badillo. 2 These seven accessions include two different groups of unidentified Vasconcella sp

Taxona Code OriginP Taxona Code OriginP

C. papaya (6) pap26 Vilcabamba J. spinosa (3) spin27 Zamora
pap37 Zamora spin28 Zamora
pap38 Zamora spin29 Zamora
pap47 Catacocha J. digitata (3)
pap48 Catacocha dig30 Zamora
pap57 Catacocha dig35 Zamora

V. monoica (6) mon31 Zamora dig36 Zamora
mon32 Zamora V. parviflora (7) parv40 Catacocha
mon33 Zamora parv4l Catacocha
mon58 Valladolid parv42 Catacocha
mon60 Valladolid parv43 Catacocha
mon61 Valladolid parv44 Catacocha

V. stipulata (15) stip2 Loja parv45 Catacocha
stip7 Loja parv46 Catacocha
stip8 Loja V. weberbaueri (6) web3 Loja
stipl5 Chantaco web4 Loja
stipl6 Chantaco web5 Loja
stipl7 Chanaco web6 Loja
stipl8 Chantaco web9 Loja
stip39 Loja web10 Loja
stip52 Catacocha V. x heilbornii var.??! (13) nm??11 Chantaco
stip53 Catacocha nm??12 Chantaco
stip54 Catacocha nm??13 Chantaco
stips5 Catacocha nm??14 Chantaco
stip59 Catacocha nm??71 Capur
stip87 LojaBG nm??74 Capur
stipl04 LojaBG nm??78 Capur

V. x heilbornii. var. chrysopetala (6) chrys19 Chuquiribamba nm??79 Capur
chrys75 Capur nm??281 San Lucas
chrys76 Capur nm??88 LojaBG
chrys83 San Lucas nm??293 LojaBG
chrys89 LojaBG nm??795 LojaBG
chrys102 LojaBG nm??299 LojaBG

V. cundinamarcencis (8) publ Loja V. x heilbornii cv ‘Babaco’ (6)  bab77 Capur
pub20 Chuquiribamba bab73 Capur
pub21 Chuquiribamba bab84 San Lucas
pub72 Capur bab85 Loja
pub80 Capur bah98 LojaBG
pub82 San Lucas bab103 LojaBG
pub90 LojaBG carv22 Vilcabamba
pub9l LojaBG Vasconcella sp. 2 (7) carv23 Vilcabamba

V. palandensis (7) pal62 Palanda carv24 Vilcabamba
pal63 Palanda carv2s Vilcabamba
pal64 Palanda carv34 Vilcabamba
pal 66 Palanda carp65s Palanda
pal68 Palanda carp67 Palanda
pal 69 Palanda V. candicans (2) can50 Catacocha
pa 70 Palanda can51 Catacocha

aFor the correct and complete Carica, Vasconcella and Jacaratia
nomenclature we refer to recent taxonomical revision published by
Badillo (2000)

(Dice 1945), Jaccard's coefficient (Jaccard 1908) or the Simple
Matching (SM) coefficient (Sokal and Michener 1958) were
calculated using the SIMQUAL module of NTSYS-pc or the
DISTANCE ESTIMATION option of Treecon. Correlations be-
tween distance matrices obtained from the different primer combi-
nations were evaluated by a Mantel Test (Mantel 1967) using the
MXCOMP module of NTSY S-pc to analyse the complementarity
or redundancy of the information.

The generated similarity matrices were then analysed using the
various clustering methods of NTSYS-pc (SAHN module) or
Treecon (INFER TREE TOPOLOGY option): UPGMA (un-
weighted pair group method with arithmetic average; Sokal and
Michener 1958), WPGMA (weighted pair group method; Sneath

b All villages are located within Loja Province, southern Ecuador;
BG = botanical garden

and Sokal 1973), complete linkage (Lance and Williams 1967)
and single linkage (Lance and Williams 1967). In addition, the
Neighbour-Joining (NJ) method (Saitou and Nei 1987), imple-
mented in both Treecon and NTSY S-pc, was used to estimate
dendrograms. All dendrograms were created with the TREE pro-
gram of NTSY S-pc or the DRAW option of Treecon. The ‘good-
ness of fit' of the clustering to the data matrix was determined by
calculating the cophenetic correlation coefficient between the sim-
ilarity matrix and the cophenetic matrix derived from the dendro-
gram, using the COPH and MXCOMP procedures of the NTSY S
pc (Rohlf 2000). Reliability of the dendrograms was tested by
comparing dendrograms from different methods and by bootstrap
analysis with 1,000 replications using Treecon. Some authors con-
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sider that confidence limits obtained in bootstrap must be over
95% in order to consider the grouping of taxa at a branch to be
statistically significant (Felsenstein 1985). Others use a lower lim-
it (50% or higher) as indicating statistical support for the topology
at a node (Highton 1993). In this study the grouping of taxa is
considered as being statistically significant when both PCO and
cluster analysis resulted in the same group, and bootstrap values
reached the lower limit.

Additionally, a principal co-ordinate analysis (PCO; Gower
1966) based on the genetic similarity matrices was performed us-
ing the DCENTER and EIGEN algorithms of the NTSY S-pc soft-
ware package (Rohlf 2000).

Results
AFLP analysis

A tota of 65 EcoRI+2/Msel+4 primer combinations
were pre-screened for their ability to detect polymor-
phisms in five selected accessions representing one C.
papaya genotype and four different Vasconcella species.
Most selective primer combinations tested generated too
many fragments for reliable scoring. Five primer pairs
were selected (Table 2) based on the number of frag-
ments amplified and the polymorphism rate observed.
These primer pairs were applied to the complete set of
accessions listed in Table 1.

When bands from all individuals were considered, the
five primer combinations used reveadled a total of 951
bands, ranging in length from 50 to 500 base pairs
(Table 2). From these fragments, 512 unambiguous bands
were scored. Only 16 bands were monomorphic across the
complete germplasm set, resulting in 96.6% of the scored
bands being polymorphic. Within the accessions of the ge-
nus Vasconcella, the number of scored bands generated by
individual primer pairs ranged from 44 to 94. Out of the
330 markers scored, 35 were shared between all 83 Vas-
concella accessions. As a result, the band polymorphism
level within the genus Vasconcella was 89.1%.

Genetic similarity matrix and cluster analysis

The AFLP data were used to make pairwise comparisons
of the genotypes based on both shared and unique ampli-

fication products to generate a similarity matrix using
the Dice similarity coefficient. The correlation between
the different genetic similarity matrices, obtained from
the five separate primer pairs, was evaluated. The lowest
correlation was observed between the similarity matrices
generated with the primer pairs E-GA/M-GCGT and
E-GT/M-ACAA (r = 0.60). This illustrates the fact that
markers obtained from different sets of pre-amplification
products provide complementary information. Although
each primer combination individually could have given
an approximation of the entire data set, sufficient differ-
ences existed between them. Therefore the data obtained
from al five primer combinations was used in the analy-
sis.

For dendrograms resulting from any of the different
similarity matrices (Dice, Jacard's or Simple Matching)
in combination with the various clustering methods
(UPGMA, WPGMA, complete linkage or single link-
age), the ‘goodness of fit' of the clustering to the data
matrix was evaluated. Therefore the co-phenetic correla-
tion coefficient for each of the generated dendrograms
was determined and compared (Table 3). Application of
the UPGMA clustering technique gave the highest
co-phenetic correlation scores, where r > 0.9 indicates a
very good fit; 0.8 < r < 0.9 indicates a good fit; and
r < 0.8 indicates a poor fit. The use of Jaccard’s as well
as the Dice similarity coefficient resulted in very high
and comparable correlation values, and these were con-
sistently higher than the SM coefficient. Furthermore,
the Dice similarity matrix derived from the entire data
set (512 scored markers) was highly correlated (r = 0.98)

Table 3 Comparison of co-phenetic correlation values obtained
from three similarity coefficients and four clustering methods em-
ployed for analysing the generated AFL P data

Method Similarity coefficients

Dice Jaccard’'s SM
UPGMA 0.953 0.958 0.926
WPGMA 0.951 0.956 0.914
Complete linkage 0.924 0.932 0.901
Single linkage 0.915 0.913 0.879

Table 2 Selected primer combinations and polymorphism rates for AFLP analysis of the 95 accessions belonging to the genera Carica
(one species), Vasconcella (eight species, one variety and one cultivar) and Jacaratia (two species)

Primer pairs Tota Complete dataset (95 accessions) Genus Vasconcella (83 accessions)
number
of bands Scored Polymorphic Polymorphism Scored Polymorphic Polymorphism
bands bands (%) bands bands (%)
E-GA/M-ACAA 195 101 98 97.0 63 58 92.1
E-GT/M-ACAA 127 72 69 95.8 a4 38 86.4
E-GA/M-GCGT 208 95 92 96.8 65 59 90.8
E-GA/M-CTGT 241 155 152 98.1 94 85 90.4
E-CG/M-CTGG 180 89 85 95.5 64 55 85.9
Total 951 512 496 330 295
Mean 190 102 99 96.6 66 59 89.1
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Table 4 Genetic similarity values between (upper triangle) and within (diagonal) the different groups of accessions of the genera Jaca-
ratia, Carica and Vasconcella, based on all pairwise similarities between individuals

Group spin dig pap pub chrys bab nm? sip can mon pal parv web ‘carv’ ‘carp’
(n=3) (n=3) (n=6) (n=8) (n=6) (n=6) (n=13) (n=15) (n=2) (n=6) (n=7) (n=7) (n=6) (n=5) (n=2)
J. spinosa (spin) 099 033 018 023 025 025 025 032 030 023 024 023 024 022 022
J. digitata (dig) 099 021 022 021 022 021 025 027 020 021 024 021 021 020
C. papaya (pap) 099 021 020 021 021 023 025 025 025 024 024 025 023
V. cundinamarcensis (pub) 0.90 047 054 069 049 044 055 061 042 040 059 059
V. x heilb. var. chrys. (chrys) 094 078 074 081 051 041 044 059 064 043 045
V. x heilb. cv ‘Babaco’ (bab) 0.78 070 0.69 049 045 048 057 059 048 048
V. x heilb. var.?? (nm?) 0.78 0.68 048 048 051 053 054 050 0.51
V. stipulata (stip) 094 058 046 047 063 060 047 051
V. candicans (can) 094 051 044 053 046 045 047
V. monoica (mon) 099 056 047 040 0.65 0.71
V. palandensis (pal) 0.95 047 042 060 0.65
V. parviflora (parv) 094 065 044 051
V. weberbaueri (web) 0.97 039 042
‘carv’ 0.97 0.70
‘carp’ 0.95

with the one calculated using Jaccard’s coefficient. Com-
paring al the dendrograms produced, and selecting the
cut off points depending on the similarity coefficient and
the clustering method employed, the three genera clearly
clustered separately and the same five main clusters
within the genus Vasconcella could be identified. Also,
the species relationships obtained from the NJ-method
were similar to those obtained using UPGMA (Fig. 1),
except for minor differences in branch lengths and a to-
pological rearrangement where cluster 3A clustered
within cluster 3C (data not shown).

Figure 1 shows the dendrogram generated using the
Dice coefficient and the UPGMA clustering method.
Cluster 1 contains only C. papaya genotypes, clearly
separated from cluster 2 containing both Jacaratia sp.
and cluster 3, containing all species of Vasconcella.
Within the latter well-supported clade (bootstrap value
100%), there are five subclusters that can be identified at
the 60% similarity level. Cluster 3A contains two species
(Vasconcella monoica and V. palandensis) and two
groups of unidentified genotypes (‘carv’ and ‘carp’
group of accessions). V. candicans is separated from all
other Vasconcella spp. in the monophyletic cluster 3B.
Within cluster 3C, a discrete group was formed with one
of the putative parent species of V. x heilbornii, V. cundi-
namarcensis (formerly C. pubescens). The rest of this
cluster consists of unidentified specimens of V. x he-
ilbornii, exhibiting more variation. Cluster 3D consists
of V. weberbaueri and Vasconcella parviflora, supported
by a bootstrap value of 85%. Cluster 3E contains the oth-
er species believed to be parent of the V. x heilbornii hy-
brid: V. stipulata. All V. stipulata specimens are grouped
in a distinct subcluster, supported by a bootstrap value of
86%. Another subgroup, consisting of predominantly V.
x heilbornii var. chrysopetala accessions is linked to the
V. stipulata subgroup at about 80% similarity. A final
subgroup, enclosing more unidentified V. x heilbornii
genotypes, intermingled with ‘Babaco’-accessions,
makes this cluster complete at a similarity level of 75%

or lower. Within cluster 3E, the accessions representing
V. stipulata also appear as a compact group, with greater
similarity among its members than within the other sub-
clusters of cluster 3E.

Genetic similarities among all Vasconcella taxa
ranged from 0.39 (between the unidentified ‘carv’ geno-
types and V. weberbaueri) to 0.81 (between V. stipulata
and V. x heilbornii var. chrysopetala), with an average
similarity of 0.54 (Table 4). When al genera are consid-
ered, the mean genetic similarity value, based on the
pairwise comparison between all species from Jacaratia
and Vasconcella (0.24), was slightly higher than the av-
erage similarity value derived from the comparison of all
accessions of Carica and Vasconcella (0.23). Within spe-
cies, al groups displayed very high genetic similarity
values, except for the group of unidentified varieties of
V. x heilbornii (0.78) and the ‘Babaco’ group (0.78).

Principal co-ordinate analysis

Principal co-ordinate analysis (PCO) based on the Dice
genetic similarity matrix was used to visualize the genet-
ic relationships among investigated taxa. The first three
eigenvectors accounted for 45% of the variation ob-
served and were able to separate the different groups.
PCO separations support the results obtained with the
cluster analysis. The PCO-plot generated with the first
two eigenvectors (Fig. 2) clearly distinguishes the genera
Carica, Jacaratia and Vasconcella from each other. Re-
markably, the C. papaya genotypes lie proximal to Jaca-
ratia taxa but significantly distanced from the Vasconcel -
la taxa. The five principal subclusters of the genus Vas-
concella identified with the UPGMA-analysis are recog-
nised in the PCO-plot as well. Furthermore, the PCO-
plot evidently illustrates the genetic relationships be-
tween V. stipulata, V. cundinamarcensis and their puta-
tive hybrid progeny. The suggested parent species are
placed at the outskirts of a group (Fig. 2, cluster | and
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plot of Caricaceae genotypes
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I1), while al V. x heilbornii accessions are to be found
between the two parent species. In agreement with the
cluster analysis, the V. x heilbornii var. chrysopetala and
the ‘Babaco’ accessions are positioned closer to V.
stipulata. The loose grouping of the V. x heilbornii ac-
cessions, illustrated in the PCO-plot, reflects the diversi-
ty present in this set of accessions which was aso re-
vealed with the cluster analysis.

Discussion
Phenetic relationships

The C. papaya accessions were shown to be very distinct
from Vasconcella. Thisisillustrated in the cluster analy-
sis and supported by the bootstrap analysis (59%; Fig. 1,
cluster 1), as well as in the PCO analysis (Fig. 2). In a
recent study using RAPD and isozyme markers, Jobin-
Decor et a. (1997) found about the same level of simi-
larity (30%) between Vasconcella and C. papaya. More-
over, both J. digitata and J. spinosa displayed a higher
level of similarity to Vasconcella than to C. papaya, indi-
cating that these species may even be closer related to

Fig. 1 Dendrogram showing the genetic relationships among 95
Caricaceae accessions based on AFLP data, using the Dice coeffi-
cient of similarity and UPGMA clustering. The seven clusters are
discussed in the text. Accessions are labelled according
to the codes listed in Table 1. Numbers shown at the different
nodes indicate bootstrap confidence values (1,000 bootstrap repli-
cates). Nodes without numbers had bootstrap values of less
than 50
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this group of highland-papayas. This has also been no-
ticed for Jacaratia mexicana by Aradhya et al. (1999)
using RFLP to study the variation in an cpDNA inter-
genic spacer region. Previous research on ovary mor-
phology (Badillo 1993) and interspecific hybridisation
barriers (e.g. Manshardt and Wenslaff 1989) also indi-
cate that papaya is only distantly related to Vasconcella.
Results obtained in this AFLP analysis aso support the
suggestion that C. papaya must have separated relatively
early from the South American Vasconcella species and
evolved in isolation more northwards on the American
continent (Aradhya et al. 1999). Our data further con-
firms the rehabilitation of Vasconcella as a genus by
Badillo (2000). Only limited variation was detected
within the C. papaya group (Fig. 1, cluster 1). The small
number of C. papaya accessions in this study prevent
any meaningful discussion about the intraspecific varia-
tion, but the high level of similarity among these geno-
types is in accord with other studies (Stiles et al. 1993;
Morshidi 1998).

Within the species complex represented by the com-
pact Vasconcella cluster 3A, V. monoica, V. palandensis
and the two groups of unidentified species, ‘carv’- and
‘carp’-accessions, al were clearly delimited and support-
ed by maximum bootstrap values (Fig. 1). The general
morphology of the ‘carv’ accessions, particularly of the
fruit, is very similar to that of the recently discovered V.
palandensis. However, significant differences in leaf
morphology were recorded during collection. AFLP
analysis confirmed that, while morphologically similar,
the collected ‘carv’ genotypes were genetically distinct
from V. palandensis. More accessions of these unknown
genotypes need to be located and investigated to deter-
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mine if these groups of plants represent a new species.
Our results support this since each of these groups has
distinct morphological characteristics and intra-/inter-
specific genetic distances that are comparable with those
seen among related species.

Although only two V. candicans accessions were in-
cluded in this study, it was clear from the dendrogram in
Fig. 1 and the PCO in Fig. 2 that these genotypes did not
associate with any other species complex within the ge-
nus Vasconcella. These results corroborate the morpho-
logical observations. V. candicans is the only true arbo-
rescent species in our sample set, bearing heart-shaped
leaves and having multiple lateral branches.

Within subcluster 3C (Fig. 1) al accessions except
one (pub9l), determined as V. cundinamarcensis,
grouped together. The collection of unknown V. x he-
ilbornii accessions placed in this group displayed amost
twice as much variation as among the V. cundinamarcen-
sis genotypes. A similar organisation of the genetic di-
versity was noticed within cluster 3E. V. stipulata and V.
x heilbornii var. chrysopetala are the only species that
clearly could be distinguished in discrete subclusters.
Thetight clustering of accessions nm??14 and nm??84 to
the moderately supported subcluster of V. x heilbornii
var. chrysopetala accessions (bootstrap value of 61%)
suggests that these genotypes probably can be identified
as V. x heilbornii var. chrysopetala. The other accessions
in this group, determined as Babaco’s or unknown vari-
eties of V. x heilbornii clustered intermingled, and at a
lower level of similarity to both V. stipulata and V. x he-
ilbornii var. chrysopetala. In contrast to our results,
Jobin-Décor et al. (1997) with both RAPD and isozymes
found a similarity level of 85% between V. stipulata and
V. cundinamarcensis. Considering that the species-char-
acteristic stipules were not found on their “V. stipulata”,
our results suggest that their accession probably repre-
sentsaV. x heilbornii genotype.

Finaly, cluster 3D included the only two species of
the genus Vasconcella producing small fruits: V. parviflo-
ra and V. weberbaueri. The accessions of both species
clustered into a maximum-supported species-specific
subcluster (Fig. 1, bootstrap 85%; Fig. 2).

V. stipulata, V. cundinamarcensis
and their putative hybrid, V. x heilbornii

Horovitz and Jimenez (1967) concluded that V. x he-
ilbornii is a natural hybrid between V. stipulata and V.
cundinamarcensis. In the AFLP-analysis presented here,
al V. x heilbornii accessions clustered together with ei-
ther one of the putative parent species (Fig. 1, cluster 3C
and 3E, and Fig. 2). It appears that introgression in both
directions divided the hybrids into two groups, each dis-
playing a higher level of similarity to one of the putative
parent species. The described varieties V. x heilbornii
var. chrysopetala and V. x heilbornii cv ‘Babaco’ cluster
together with V. stipulata, suggesting V. stipulata as the
backcross parent. Results are in agreement with the ob-

servations of Horovitz and Jimenez (1967) who suggest-
ed introgression of V. cundinamarcensis (formerly C. pu-
bescens) into V. stipulata. They also reported that the ex-
perimental pollination of V. stipulata with V. cundina-
marcensis pollen sometimes resulted in viable seeds.
Considering the allogamous nature of V. stipulata and V.
cundinamarcensis, together with their sympatric distri-
bution in some regions of Ecuador (Badillo 1983), intro-
gression of one species into another is plausible. Further
introgression may have blurred the distinction among the
described V. x heilbornii varieties. This is illustrated in
our analysis by the anomalous clustering of pub9l.
While this accession exhibited a V. cundinamarcensis
phenotype, it clustered among the well-supported group
V. x heilbornii (bootstrap 95%).

The high level of intraspecific diversity (Table 4)
found among the unidentified V. x heilbornii accessions,
reflected in both the dendrogram (Fig. 1) and the PCO
(Fig. 2), was expected since they represented a morpho-
logically diverse group. For ‘Babaco’ accessions the
high degree of intra-varietal diversity is remarkable.
Since these plants produce parthenocarpic fruit and
therefore are propagated in a vegetative way (Badillo
1993; Kempler and Kabaluk 1996) only limited genetic
variation within this group was expected. However, this
unexpected diversity has also been observed by Aradhya
et al. (1999) even though they included only two Babaco
genotypes, obtained from the same source. They sug-
gested that hybridisation may have occurred more than
once and involved reciprocal crosses between the two
parent species (Aradhya et al. 1999). Other explanations
include the incorporation of volunteer plants originating
from seeds produced by unrecognized sexual recombina-
tion or the accumulation of somatic mutations through
vegetative propagation. Thisintra-varietal variation does
not support the proposed status of the Babaco, V. x he-
ilbornii cv *Babaco’, as a cultivar (Badillo 2000).
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