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ABSTRACT. Researchers have classified the Heliconia genus as
a group of highly variable and diverse plants. Species and cultivars
are visually differentiated primarily on the basis of the color
and size of inflorescence bracts. At taxonomic level, flower type
(parabolic, sigmoid, or erect) and size are taken into account. The vast
morphological diversity of heliconias at intra-specific, intra-population,
and varietal levels in central-west Colombia prompted the present study.
We characterized the genetic variability of 67 genotypes of cultivated
heliconias belonging to Heliconia caribaea Lamarck, H. bihai (L.) L.,
H. orthotricha L. Andersson, H. stricta Huber, H. wagneriana Petersen,
and H. psittacorum L. f., as well as that of several interspecific hybrids
such as H. psittacorum L. f. x H. spathocircinata Aristeguieta and H.
caribaea Lamarck x H. bihai (L.) L. We also created an approximation
to their phylogenetic analysis. Molecular analysis using amplified
fragment length polymorphism (AFLP) markers revealed a total of
170 bands. Two large, well-defined groups resulted: the first grouped
cultivars of the very closely related H. caribaea and H. bihai species
with those of H. orthotricha and H. psittacorum, and the second
grouped H. stricta and H. wagneriana cultivars. The lowest percentage
of polymorphism was found in H. psittacorum (17.65%) and the highest
was in H. stricta (55.88%). Using AFLP, phylogenetic analysis of the
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species studied revealed the monophyletic origin of the Heliconiaceae
family, and identified the Heliconia subgenus as monophyletic while
providing evidence of the polyphyletic origin of several representatives
of the Stenochlamys subgenus.

Key words: Heliconia; Genetic diversity; Phylogenetic relationships;
AFLP; Colombia

INTRODUCTION

In Colombia, the cultivation of native flowers such as heliconias for export undeniably
constitutes a profitable and environmentally friendly enterprise, provided it is carried out in
such a way that genetic diversity is respected and overexploitation of natural populations is
avoided. However, not only is an understanding of the agronomic aspects and genetic base of
the crop required, good agricultural practices are needed as well (Maza, 2004).

The Heliconiaceae family contains a single genus, Heliconia L., but nearly 220 species
of heliconias have been reported, with the largest number of species (104) found in Colombia
(Betancur and Kress, 2007), where many still grow in the wild and therefore offer great poten-
tial to diversify the international market. Although there is important market demand for this
flower in different parts of the world, its potential is barely recognized in Colombia. Large-
scale cultivation of Heliconia species, traditionally propagated through rhizomes and seeds,
has been limited because of their very slow growth (Atehortia and Valencia, 2002), which
would render it difficult to satisfactorily meet international demand for this exotic flower.
Cultivation of this tropical flower was recently proposed as a promising alternative that offers
significant economic advantages for regions located in central-west Colombia. However, the
few Heliconia species that are currently being cultivated have not undergone genetic selection,
and as a result, their quality does not comply with international market standards.

The broad diversity of species and artificial groups of the Heliconia genus, such as
the varieties, hybrids, and cultivars used for ornamental and commercial purposes, has caused
confusion and uncertainty regarding the correct denomination of the species and the adequate
use of synonyms, triggering problems at both commercial and technical/scientific levels. The
inappropriate use of nomenclature helps disseminate incorrect identifications, thus perpetuat-
ing errors (Castro et al., 2007). Taxonomic traits not considered for diagnosis are staminodes,
bract angle, indumentum, number of colonies, and auto-ecology. Genetic variability, geno-
typic plasticity, and level of natural hybridization are not taken into account either.

There is a clear need to study the existing germplasm of wild and cultivated Helico-
nia species in Colombia to better contribute to their conservation while advancing selection
and multiplication programs to improve the genetic quality of planted materials. Amplified
fragment length polymorphism (AFLP) markers have been widely used in genetic variation
studies and are becoming increasingly popular in low-level systematization (Bussell et al.,
2005). This study therefore aimed to analyze the genetic variability of several Heliconia spe-
cies and cultivars using AFLP molecular markers (Vos et al., 1995) in an attempt to better
understand and conserve the existing diversity of these genetic resources in Colombia. The
results of the present study will serve as input for future breeding programs and compose an
approximation to the analysis of the phylogenetic relationships between Heliconia species,
hybrids, and cultivars.
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MATERIAL AND METHODS

Sixty-nine genotypes consisting of 67 Heliconia species, cultivars, and hybrids, as
well as two accessions of other families of the order Zingiberales (Musaceae and Strelitzia-
ceae) used as contributors of diversity, Musa coccinea (MC32) and Strelitzia reginae (Sn95),
were analyzed (Table 1). DNA was extracted from young leaves using a QTAGEN DNeasy
Plant Mini Kit (QIAGEN, Germany). DNA was quantified by electrophoresis on 0.8% aga-
rose gel.

The AFLPs were developed using the Invitrogen AFLP® Analysis System I kit. Two
combinations of primers developed for Musaceae (Ude et al., 2002) were used for this
study: EcoRI + ACC/Msel + CAG, and EcoRI + AGC/Msel + CAG. The DNA fragments
were run on 6% polyacrylamide gel dyed with silver nitrate (AgNO,) (Bassam et al., 1991).
A binary matrix of presence/absence of bands was built based on the resulting data, record-
ing band presence (1) and absence (0) for each of the 69 individuals studied.

The GenAlIEx Version 6.1 package (Peakall and Smouse, 2006) was used to deter-
mine the average number of loci, the number of alleles per locus, the effective number of
alleles (N,), the percentage of polymorphic loci per individual and per population, the per-
centage of total polymorphism, and the expected heterozygosity (H,) (Excoffier et al., 1992;
Peakall et al., 1995; Peakall and Smouse, 2006).

Molecular variance between populations (species and cultivars) and individuals
(Excoffier et al., 1992; Schneider et al., 1997) was calculated based on the genetic distance
matrix (Nei, 1978). The Dice similarity coefficient (Dice, 1945) was calculated using the
NTSYSpc 2.02 statistical package (Rohlf, 1997), and a dendrogram was constructed us-
ing UPGMA (unweighted pair group method with arithmetic mean) (Sneath and Sokal,
1973). Cladistic analysis was based on the criterion of maximum parsimony (MP) using
the Palacontological Statistics (PAST) 1.75 program (Hammer et al., 2001), which assigns
the same weight to each trait. A heuristic search helped construct the most parsimonious
tree. Consistency and retention indices (Kluge and Farris, 1969; Farris, 1989) were also
determined.

RESULTS AND DISCUSSION

AFLP analysis yielded 170 bands with an overall polymorphism of 34.34%. Table
2 indicates the polymorphism for each Heliconia species and/or hybrid. The lowest percent-
age of polymorphism occurred in H. psittacorum (17.65%) and the highest was in H. stricta
(55.88%). The high degree of polymorphism can be related to the diversity of the species and
cultivars analyzed.

The use of AFLP markers enabled measurement of the genetic variation in the eight
Heliconia populations (species, cultivars, and hybrids) as well as the intra-population varia-
tion in all individuals studied. The number of alleles per locus ranged from 3 to 12, with an
overall average of 8.289; the number of different alleles per locus ranged from 0.488 to 1.124,
with an overall average of 0.765, and the number of effective or polymorphic alleles per locus
ranged from 1.091 in H. caribaea to 1.247 in H. stricta, with a total average of effective alleles
of 1.154 (Brown and Weir, 1983) (Figure 1).
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Table 1. Heliconia species and cultivars studied and their collection sites in central-west Colombia.

Sample Specie and cultivar Code of sample in herbarium
1H.b9 H. bihai (L.) L. cv. Arawak

H.b75 H. bihai (L.) L. cv. Arawak

H.b2 H. bihai (L.) L. cv. Aurea Londono, L. 033808 HUQ
H.b62 H. bihai (L.) L. cv. Lobster Claw 1 (black spot)

H.b7 H. bihai (L.) L. cv. Lobster Claw 1 (black spot)

H.b63 H. bihai (L.) L. cv. Lobster Claw 2 (green sport)

H.b20 H. bihai (L.) L. cv. Lobster Claw 2 (green spot)

H.b46 H. bihai (L.) L. cv. Lobster Roja

H.b6 H. bihai (L.) L. cv. Lobster Salmon Isaza, L. 033732 HUQ
H.b60 H. bihai (L.) L. cv. Lobster Salmon

H.b30 H. bihai (L.) L. cv. Naranja

H.b38 H. bihai (L.) L. cv. Yellow Dancer

H.c25 H. caribaea Lamarck cv. Barbados

H.c77 H. caribaea Lamarck cv. Barbados

H.cl5 H. caribaea Lamarck cv. Brazilian Bomber

H.c40 H. caribaea Lamarck cv. Brazilian Bomber

H.c56 H. caribaea Lamarck cv. Chartreuse Londono, L. 033818 HUQ
H.c26 H. caribaea Lamarck cv. Gold Londofio, L. 033807 HUQ
H.c55 H. caribaea Lamarck cv. Gold

H.c48 H. caribaea Lamarck cv. Purpurea Isaza, L. 033730 HUQ
H.c69 H. caribaea Lamarck cv. Salmon Londono, L. 033825 HUQ
H.clé6 H. caribaea Lamarck cv. Vulcano Londofio, L. 033809 HUQ
H.c61 H. caribaea Lamarck cv. Vulcano

H.cxb37 H. caribaea Lamarck x H. bihai (L.) L. cv. Kawauchi

H.cxbl4 H. caribaea Lamarck x H. bihai (L.) L. cv. Criswick

H.cxb 59 H. caribaea Lamarck x H. bihai (L.) L. cv. Criswick

H.cxb74 H. caribaea Lamarck x H. bihai (L.) L. cv. Gold

H.cxbl13 H. caribaea Lamarck x H. bihai (L.) L. cv. Jacquinii Londoio, L. 033812 HUQ
H.cxb44 H. caribaea Lamarck x H. bihai (L.) L. cv. Jacquinii

H.cxb42 H. caribaea Lamarck x H. bihai (L.) L. cv. Piton Point

H.oll H. orthotricha L. Andersson cv. Arcoiris

H. 81 H. orthotricha L. Andersson cv. Arcoiris

H.ol H. orthotricha L. Andersson cv. Bicolor

H.027 H. orthotricha L. Andersson cv. Edge of Nite Isaza, L. 033733 HUQ
H.o71 H. orthotricha L. Andersson cv. Edge of Nite Londono, L. 033929 HUQ
H.080 H. orthotricha L. Andersson cv. Pintoresca

H.ol2 H. orthotricha L. Andersson cv. Pintoresca

H.o 28 H. orthotricha L. Andersson cv. Roja

H.098 H. orthotricha L. Andersson cv. Roja

H.034 H. orthotricha L. Andersson cv. She

H.0100 H. orthotricha L. Andersson cv. She

H.ol10 H. orthotricha L. Andersson cv. Tricolor

H.p79 H. psittacorum L. f. cv. Choconiana

H.p8 H. psittacorum L. f. cv. Opal Crema

H.p49 H. psittacorum L. f. cv. Opal Crema

H.pxs76 H. psittacorum L. f. x H. spathocircinata Aristeguieta cv. Opal Fire

H.pxs 83 H. psittacorum L. f. x H. spathocircinata Aristeguieta cv. Golden Torch

H.pxs84 H. psittacorum L. f. X H. spathocircinata Aristeguieta cv. Golden Torch Adrian

H.s19 H. stricta Huber cv. Bucky Isaza, L. 033731 HUQ
H.s47 H. stricta Huber cv. Bucky

H.s23 H. stricta Huber cv. Giant Jamaican

H.s97 H. stricta Huber cv. Giant Jamaican

H.s50 H. stricta Huber cv. Las Cruces Londono, L. 033806 HUQ
H.s31 H. stricta Huber cv. Lone Lover

H.s5 H. stricta Huber cv. Fire Bird Londofo, L. 033827 HUQ
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Table 1. Continued.

Sample Specie and cultivar Code of sample in herbarium
H.s53 H. stricta Huber cv. Fire Bird

H.s22 H. stricta Huber cv. Quito Gold Amarilla

H.s21 H. stricta Huber cv. Quito Gold Naranja

H.s17 H. stricta Huber cv. Tagami

H.s85 H. stricta Huber cv. Tagami

H.w86 H. wagneriana Petersen cv. Gorda

H.w 58 H. wagneriana Petersen cv. Amarilla

H.w65 H. wagneriana Petersen cv. Crema Londofio, L. 033814 HUQ
H.w41 H. wagneriana Petersen cv. Verde Isaza, L. 033734 HUQ
H.w57 H. wagneriana Petersen cv. Roja

H.w24 H. wagneriana Petersen cv. Sharoni

H.w29 H. wagneriana Petersen cv. Splendid

Mc32 Musa coccinea Londono, L. 033826 HUQ
Sn95 Strelitzia reginae

Table 2. Percentage of polymorphism of different Heliconia species.

Population/specie Polymorphism (%)
H. bihai 28.24%
H. caribaea 32.35%
H. caribaea x H. bihai 37.06%
H. orthotricha 43.53%
H. psittacorum 17.65%
H. psittacorum x H. spathatocircinata 27.65%
H. stricta 55.88%
H. wagneriana 32.35%
Overall average 34.34%
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Figure 1. Distribution and frequency of total bands, common bands, rare bands, and exclusive bands per species
based on average expected heterozygosity.
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The N, (1.247) and H, (0.150) of H. stricta agree with the percentage of polymorphism
(55.88%), which was the highest compared with all other species and cultivars. Therefore, it
can be inferred that H. stricta presents the greatest intra-specific variability, followed by H.
orthotricha with a polymorphism of 43.53%, N, of 1.163, and H of 0.104. Corresponding
polymorphism and relatively low H values were 32.35% and 0.061 for H. caribaea, 28.24%
and 0.068 for H. bihai, and 37.06% and 0.1 for the H. caribaea x H. bihai hybrid, respectively,
evidence of the smaller intra-specific genetic variability in these species as compared with H.
stricta and H. orthotricha (Brown and Weir, 1983; Smouse and Peakall, 1999).

Based on Nei’s genetic distance (Nei, 1978) between populations (species and culti-
vars), the smallest genetic distances occurred between H. caribaeca x H. bihai and H. caribaea
(0.031) and between H. bihai and H. caribaea (0.032). The largest distances occurred between
H. caribaea x H. bihai and H. wagneriana (0.119) and between H. caribaea and H. wagne-
riana (0.114) (Figure 2). Similarly, the highest values of Nei’s genetic identity (Nei, 1978)
occurred between H. caribaea x H. bihai and H. caribaea (0.970) and between H. caribaea
and H. bihai (0.968), while the lowest values occurred between H. caribaea x H. bihai and H.
wagneriana (0.887) and between H. caribaea and H. wagneriana (0.89).

| {064
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Figure 2. Dendrogram of 69 genotypes of the genus Heliconia developed using the Dice similarity index (Dice,
1945).

The above data reveal a close genetic relationship between H. caribaea and H. bihai,
and between both these species and the interspecific hybrid H. caribaea x H. bihai. This ge-
netic proximity was also demonstrated by the Dice similarity index (Dice, 1945) (Figure 1).

The dendrogram in Figure 2 was built based on the results of the present study. Two
very well-defined groups could be distinguished, allowing the degree of genetic similarity
between the species studied to be established. The H. caribaea and H. bihai species were most
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closely related, with a genetic similarity of 0.75. Completely separated from the above were
H. stricta and H. wagneriana, which were more closely related to one another, presenting a
genetic similarity of 0.67.

As shown in the dendrogram (Figure 2), almost all of the plants studied were grouped
at 46% similarity. Two large groups were formed, presenting 51% similarity, and each group
was in turn divided into the following subgroups:

Group 1, which presented 52% similarity, was formed by the following five subgroups:

*  Subgroup I: with 67% similarity, contained all cultivars belonging to the H. bihai
species and most of the cultivars of the H. caribaea species. Also included three
H. caribaea x H. bihai hybrids and two genotypes belonging to the H. stricta spe-
cies. This subgroup comprised 27 genotypes.

*  Subgroup II: with 65% similarity, contained most of the H. orthotricha cultivars
studied and a single H. caribaea genotype.

e Subgroup III: with 61% similarity, contained most of the H. psittacorum plants
studied, including genotype H.p79 (H. psittacorum cv. Choconiana) and H.pxs76
(H. psittacorum x H. spathocircinata cv. Opal Fire). With 91% similarity, this
subgroup contained another subgroup comprising two H. psittacorum cv. Opal
Crema individuals. Genotype H.cxb74 (H. caribaea x H. bihai cv. Gold), col-
lected in Manizales, was alone and not related to the other study individuals.

e Subgroup IV: with 71% similarity, comprised only two individuals, H. caribaea
x H. bihai cv. Piton Point and H. orthotricha cv. Arcoiris, collected in Manizales.

*  Subgroup V: with 71% similarity, divided into two more subgroups: one formed by
two H. caribaea x H. bihai cv. Jacquinii hybrids collected at two localities (Maniza-
les and Salonica), and the other by genotypes H.010 (H. orthotricha cv. Tricolor),
collected in Saldnica, and H.0100 (H. orthotricha cv. She), collected in Manizales.

Group 2, which presented 62% similarity, was formed by two subgroups:

*  Subgroup VI: with 64% similarity, contained one hybrid, H. psittacorum x H.
spathocircinata cv. Golden Torch, and two H. stricta individuals, cv. Quito Gold
Amarilla and cv. Tagami, both collected in Salénica.

*  Subgroup VII: with 67% similarity, contained two subgroups: one formed exclu-
sively by H. stricta genotypes (H.s23, H.s53, H.s50, H.s31, and H.s5), the other
with a single H. stricta genotype (H.s97) together with all H. wagneriana geno-
types included in this study.

Several genotypes were outliers and were not included in any of the groups. As ex-
pected, these were M. coccinea and S. reginae species, but also included H. stricta cv. Bucky
and cv. Quito Gold Amarilla, both collected in Saldnica, and the H.pxs83 sample (H. psittaco-
rum X H. spathocircinata cv. Golden Torch) collected in Manizales.

Based on the use of AFLP molecular markers and genomic DNA, the close relation-
ship between H. bihai and H. caribaea and the greater similarity between H. stricta and H.
wagneriana observed in this study agree with the phylogenetic relationships discovered by
Lagomarsino and Kress (2007) that were based on chloroplast sequences and detailed char-
acterization of floral morphology. This means that species in the same clade share a group of
monophyletic DNA sequences and therefore have descended from a common ancestor.

The genetic proximity between H. caribaea and H. bihai found in this study, and dem-
onstrated by Lagomarsino and Kress (2007), agrees with the existence of numerous natural
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hybrids, although the morphology of their bracts apparently differs. Both species are native
to the Lesser Antilles and have a common pollinator - the hummingbird (Eulampis jugularis).
This flower-pollinator association, also called co-evolution, has been determinant in the evolu-
tion of the floral morphology of these two species (Temeles et al., 2000; Temeles and Kress,
2003; Yoshioka, 2003; Meléndez-Ackerman et al., 2005; Lagomarsino and Kress, 2007).

The existence of interspecific hybrids, such as H. caribaea x H. bihai, can be deter-
mined by the fact that hummingbirds are the sole pollinators of heliconias in the Americas,
influencing the hybridization phenomenon between heliconias. The bills of hummingbird spe-
cies represent sexual dimorphism: females have long, curved bills while males have short,
straight bills (Temeles et al., 2000). An example of this is the report of the female purple-
throated hummingbird of the Caribbean island of Saint Lucia possessing long, curved bills,
while males have straight and short bills. In most Caribbean islands, H. bihai is pollinated by
females of this hummingbird species, whereas H. caribaea is pollinated by males. Lagomarsi-
no and Kress (2007) demonstrated that the flower morphology of each of these species has
evolved to adapt to the size and shape of the bills of females and/or males of this hummingbird
species. These studies explain the close relationship found between H. caribaea and H. bihai.

The number of exclusive bands per species was also determined, as were the bands
most common to all genotypes, and species exhibiting rare and exclusive bands were identified
(Figure 2). The study identified exclusive bands for Heliconia genotypes and species as well as
the bands found in H. wagneriana, H. orthotricha, H. bihai, H. caribaea, hybrid H. caribaea x
H. bihai cv. Jacquinii, and hybrid H. psittacorum x H. spathocircinata cv. Golden Torch.

The highest number of bands was found in H. stricta (96), followed by H. orthotricha
(88) and H. wagneriana (79). The highest number of exclusive bands per species occurred in
H. wagneriana (9), followed by H. bihai and H. caribaea (both 8), H. orthotricha (7), and H.
stricta (4) (Figure 2).

Similarly, the identification of an important number of bands that differentiate outly-
ing groups such S. reginae and M. coccinea, which presented very low similarity indexes
(0.30-0.39), as well as the grouping of all heliconias into a larger group, clearly reveal the tax-
onomic and phylogenetic separation of heliconias regarding the other two botanical families
included in the analysis: Musaceae and Strelitziaceae. These results corroborate the findings of
Andersson (1992), Kress (1994), Kress et al. (2001, 2002), and Lagomarsino and Kress (2007)
regarding the existence of sufficient characteristics and phylogenetic and taxonomic criteria to
designate heliconias a separate botanical family.

Although the study population consisted of replicates of each genotype, albeit
collected in different localities, the results obtained with the Dice similarity index (Dice, 1945)
and Nei’s genetic distance (Nei, 1978), illustrated in Figure 2, show that the individuals tagged
as being the same were not replicates or clones of the same genotype, but different individuals
and genotypes. Although most were located in the same subgroup, a few individuals were
separated into different subgroups. Nonetheless, two genotypes of 69 presented a similarity
index of 0.97: Hb62 and Hb7.

Another aspect that should be highlighted is the presence of Heliconia aurea Rodri-
guez, which was initially identified and labeled as “Hb2” (H. bihai cv. Aurea) because this is
how it is known to farmers, and was recorded as such by Berry and Kress (1991). More recent
reviews (Kress and Betancur, 1999; Castro et al., 2007; Lagomarsino and Kress, 2007) have
determined that it is a different species, not a cultivar of H. bihai. Consequently, the discrimi-
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nating power of the molecular marker used (AFLP) revealed that this genotype is in subgroup
I of the dendrogram produced, but separated in a small cluster with a genetic similarity index
of 0.7, while most of the H. bihai individuals studied are grouped together.

A consensus tree with 774 steps was selected based on MP analysis. The analysis also
revealed a low consistency index (0.22) and retention index (0.51) (Figure 3).

Figure 3. Cladogram based on the phylogenetic analysis of 67 Heliconia accessions, calculated with 170 bands
yielded by AFLP markers using the PAST method (consistency index = 0.220; retention index = 0.510).
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Although the use of AFLP markers to solve phylogenetic relationships is controversial
(Després et al., 2003), the results of this study reflect the current classification of the order
Zingiberales, taking into account that a representative of the Musaceae family and another of
the Strelitziaceae family were used as an external group. Musaceae was presented as the basal
family and Strelitziaceae as the family most closely related phylogenetically to the Helico-
niaceae family; these results are similar to those found by Marouelli et al. (2010). The AFLP
markers made it possible to identify the Heliconiaceae family as a monophyletic group, agree-
ing with the proposal by Kress et al. (2001), Angiosperm Phylogeny Group (2003), Kress and
Specht (2006), and Marouelli et al. (2010). The Heliconia subgenus, to which most of the
species included in this study belong, also proved to be broadly monophyletic.

Based on the results, the high interspecific, intra-specific, and intra-population vari-
ability present in Heliconia was corroborated, as evidenced in the analysis of molecular
variance (AMOVA), which revealed 70% intra-population variation. Regarding intra- and
interspecific variability, despite the large diversity of types found in the Heliconia species
studied, cultivars exhibited high genetic similarity (Figures 1 and 3). High phenotypic and
molecular variability has been found in other studies conducted on heliconias by Berry and
Kress (1991), Kumar et al. (1998), Marques et al. (2004), Meléndez-Ackerman et al. (2005),
and Marouelli et al. (2010).

This study also indicated that H. psittacorum and the hybrid H. psittacorum x H.
spathocircinata do not belong to the Heliconia subgenus, although most of the species ana-
lyzed in this study (H. bihai, H. caribaea, H. orthotricha, H. stricta, H. wagneriana, and H.
aurea) did; rather, they belonged to the Stenochlamys Baker subgenus, Stenochlamys (Baker)
Schum section (Kress et al., 1999), and were revealed to be grouped with the Heliconia
subgenus (Figure 2). This means that although these species belong to different subgenera,
they possess several DNA bands in common, as identified by the AFLP markers. The MP
analysis (Figure 3) also revealed that individuals of the Stenochlamys subgenus appear to be
grouped into clades, separated as brother groups of species such as H. stricta, H. orthotricha,
and H. aurea, or ungrouped, such as H. psittacorum x H. spathocircinata cv. Golden Torch
Adrian, evidence that the Stenochlamys subgenus is clearly polyphyletic. Marouelli et al.
(2010) reported the polyphyletic origin of the same subgenus in an analysis conducted with
random amplified polymorphic DNA markers, which indicated that it was closely related to
the Griggsia subgenus to which all species with pendular flowers belong. Andersson (1985,
1992), Kress (1994), and Castro et al. (2007) have suggested that the Griggsia subgenus is
not monophyletic.

The AFLP markers proved to be a tool useful not only to measure and characterize
genetic variability, but also to support and strengthen classical taxonomic classification be-
cause of their potential relationship with morphological characters, thus contributing to the
understanding of inter-specific and phylogenetic relationships of the Heliconiaceae family.

ACKNOWLEDGMENTS

Research supported by the Ministry of Agriculture and Rural Development of Co-
lombia, the Government of the Department of Risaralda, and the Technological University of
Pereira. Sincere thanks also go to all the flower growers who generously contributed to the
development of the present research project.

Genetics and Molecular Research 11 (4): 4552-4563 (2012) ©FUNPEC-RP www.funpecrp.com.br



L. Isaza et al. 4562

REFERENCES

Andersson L (1985). Revision of Heliconia Subgen. Stenochlamys (Musaceae-Heliconioideae). Opera Bot. 82: 5-123.

Andersson L (1992). Revision of Heliconia Subgen. Taeniostrobus and Subgen. Heliconia (Musaceae-Heliconioideae).
Opera Bot. 111: 1-98.

Angiosperm Phylogeny Group (2003). An update of the Angiosperm Phylogeny Group classification for the orders and
families of flowering plants: APG II. Bot. J. Linn. Soc. 141: 399-436.

Atehortiia L and Valencia CI (2002). Bioconversion de embriones somaticos de Heliconia stricta Huber utilizando los
sistemas de inmersion temporal “RITA”. Actual. Biol. 24: 23-29.

Bassam BJ, Caetano-Anolles G and Gresshoff PM (1991). Fast and sensitive silver staining of DNA in polyacrylamide
gels. Anal. Biochem. 196: 80-83.

Berry F and Kress WJ (1991). Heliconia: An Identification Guide. Smithsonian Institution Press, Washington.

Betancur J and Kress WJ (2007). La familia Heliconiaceae en Colombia. Actual. Biol. (Suppl 1): 77.

Brown AH and Weir BS (1983). Measuring Genetic Variability in Plant Populations. In: Isozymes in Plant Genetics and
Breeding: Part A (Tanskley SD and Orton TJ, eds.). Elsevier, Amsterdam, 219-229.

Bussell JD, Waycott M and Chappill JA (2005). Arbitrarily amplified DNA markers as characters for phylogenetic
inference. Perspect. Plant Ecol. Evol. Syst. 7: 3-26.

Castro C, May A and Gongalves C (2007). Nomenclature review of species of genus Heliconia (Heliconiaceae). Rev. Bras.
Hortic. Ornam. 13: 38-62.

Després L, Gielly L, Redoutet B and Taberlet P (2003). Using AFLP to resolve phylogenetic relationships in a
morphologically diversified plant species complex when nuclear and chloroplast sequences fail to reveal variability.
Mol. Phylogenet. Evol. 27: 185-196.

Dice LR (1945). Measures of the amount of ecologic association between species. Ecology 26: 297-302.

Excoffier L, Smouse PE and Quattro JM (1992). Analysis of molecular variance inferred from metric distances among
DNA haplotypes: application to human mitochondrial DNA restriction data. Genetics 131: 479-491.

Farris JS (1989). The retention index and the rescaled consistency index. Cladistics 5: 417-419.

Hammer O, Harper DAT and Ryan PD (2001). PAST: Paleontological statistics software package for education and data
analysis. Palaeontol. Electron. 4: 9.

Kluge AG and Farris JS (1969). Quantitative phyletics and the evolution of anurans. Syst. Zool. 18: 1-32.

Kress WJ (1994). A preliminary classification of Heliconia. Bull. Heliconia Soc. Int. 7: 3-6.

Kress WJ and Betancur J (1999). Tratamiento Taxonomico del Género Heliconia para la Flora de Colombia. In: Libro
de Restimenes del Primer Congreso Colombiano de Botanica (Rangel-Ch JO, Rudas-L1 A and Aguirre-CJ, eds.).
Instituto de Ciencias Naturales, Universidad Nacional de Colombia, Santafé de Bogota.

Kress WJ and Specht CD (2006). The evolutionary and biogeographic origin and diversification of the tropical monocot
order Zingiberales. Aliso 22: 621-632.

Kress WJ, Betancur J and Echeverry B (1999). Heliconias: Llamaradas de la Selva Colombiana. Cristina Uribe Editores,
Bogota.

Kress WJ, Prince LM, Hahn WJ and Zimmer EA (2001). Unraveling the evolutionary radiation of the families of the
Zingiberales using morphological and molecular evidence. Syst. Biol. 50: 926-944.

Kress WJ, Prince LM and Williams KJ (2002). The phylogeny and a new classification of the gingers (Zingiberaceae):
evidence from molecular data. 4m. J. Bot. 89: 1682-1696.

Kumar PP, Yau JCK and Goh CJ (1998). Genetic analyses of Heliconia species and cultivars with randomly amplified
polymorphic DNA (RAPD) markers. J. Am. Soc. Hortic. Sci. 123: 91-97.

Lagomarsino L and Kress J (2007). Phylogeny Reconstruction and Trends of Floral Evolution in Heliconia Subgenus
Heliconia (Heliconiaceae). Available at [http:/www.mnh.si.edu/nhre/RTP2007 html#Lagomarsino]. Accessed
October 25, 2012.

Marouelli LP, Inglis PW, Ferreira MA and Buso GS (2010). Genetic relationships among Heliconia (Heliconiaceae)
species based on RAPD markers. Genet. Mol. Res. 9: 1377-1387.

Marques JM, Coelho PJA, Ferreira MA, Amaral ZPS, et al (2004). Estudo da Variabilidade Genética entre Individuos de
Populagodes de Heliconia bihai e Heliconia rostrata. Boletim de Pesquisa e Desenvolvimento, 69. Embrapa Recursos
Gencéticos e Biotecnologia, Brasilia.

Maza V (2004). Cultivo, Cosecha y Poscosecha de Heliconias y Flores Tropicales. Jardin Botanico Joaquin Antonio Uribe
de Medellin, Medellin, Colombia.

Meléndez-Ackerman EJ, Speranza P, Kress WJ, Rohena L, et al. (2005). Microevolutionary processes inferred from AFLP
and morphological variation in Heliconia bihai (Heliconiaceae). Int. J. Plant Sci. 166: 781-794.

Nei M (1978). Estimation of average heterozygosity and genetic distance from a small number of individuals. Genetics

Genetics and Molecular Research 11 (4): 4552-4563 (2012) ©FUNPEC-RP www.funpecrp.com.br



Genetic diversity of Heliconia species in Colombia 4563

89: 583-590.

Peakall R and Smouse PE (2006). GENALEX 6: genetic analysis in excel. Population genetics software for teaching and
research. Mol. Ecol. Notes 6: 288-295.

Peakall R, Smouse PE and Huff DR (1995). Evolutionary implications of allozyme and RAPD variation in diploid
populations of dioeffalograss Buchloé Buchloe dactyloides. Mol. Ecol. 4: 135-148.

Rohlf F (1997). NTSYS-pc 2.02. Numerical Taxonomy and Multivariate Analysis System. Exeter Software, New York.

Schneider S, Kueffer JM, Roessli D and Excoffier L (1997). Arlequin, v. 1.1: A Software for Population Genetic Data
Analysis. Genetics and Biometry Laboratory, University of Geneva, Geneva.

Smouse PE and Peakall R (1999). Spatial autocorrelation analysis of individual multiallele and multilocus genetic
structure. Heredity 82: 561-573.

Sneath PHA and Sokal RR (1973). Numerical Taxonomy: The Principles and Practice of Numerical Classification.
Freeman, San Francisco.

Temeles E and Kress J (2003). Adaptation in a plant-hummingbird association. Science 300: 630-633.

Temeles EJ, Pan IL, Brennan JL and Horwitt JN (2000). Evidence for ecological causation of sexual dimorphism in a
hummingbird. Science 289: 441-443.

Ude G, Pillay M, Nwakanma D and Tenkouano A (2002). Genetic diversity in Musa acuminata Colla and Musa balbisiana
Colla and some of their natural hybrids using AFLP markers. Theor. Appl. Genet. 104: 1246-1252.

Vos P, Hogers R, Bleeker M, Reijans M, et al. (1995). AFLP: a new technique for DNA fingerprinting. Nucleic Acids Res.
23: 4407-4414.

Yoshioka P (2003). Why are there so many Heliconia hybrids in Puerto Rico? HSPR Newsl. 8: 1-3.

Genetics and Molecular Research 11 (4): 4552-4563 (2012) ©FUNPEC-RP www.funpecrp.com.br



