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Abstract

RAPD markers were used to evaluate the genetic variability and structure of seven morphologically defined
landraces of pejibaye (Bactris gasipaes Kunth, Palmae) to determine their validity and phylogenetic relation-
ships. Two hundred and twenty plants of four Amazonian and three Central American landraces of var.
gasipaes (the domesticate) and 30 plants of var. chichagui (H. Karsten) Henderson (the crop ancestor)
maintained at the National Research Institute for Amazonia, Manaus, Amazonas, Brazil, were utilized.
Eight RAPD primers yielded 113 markers, with good reproducibility, of which 97 were polymorphic. The
four Amazonian landraces had an average heterozygosity of 0.30, with 86% polymorphism, greater than the
Central American landraces (0.25; 74.3%) and var. chichagui (0.27; 80%). Among landrace genetic diversity
(Ggt) was 15%, while within (Hs) was 85%, essentially equivalent to the AMOVA within (82.2%) and among
(17.8%) variances. The Jaccard similarities, PCA, gene flow coefficients and Exact tests suggested that only
one landrace exists in Central America, called Utilis after the first taxon described there, and that the
Solimoes landrace is part of the Putumayo landrace, rather than a separate entity. The Para and Pampa
Hermosa landraces were validated in accordance with their morphometric interpretations. The dendrogram
of Nei’s genetic distances among valid landraces and var. chichagui supported the hypothesis of a single
origin for pejibaye in southwestern Amazonia, with two migration routes: one to the northeast, becoming
the Para landrace, and another to the northwest along the Andes, spreading into western Amazonia (Pampa
Hermosa and Putumayo landraces) and across the Andes, reaching Central America (Utilis landrace).

Introduction morphometric grounds (Mora Urpi 1984; Mora

Urpi and Clement 1988; Mora Urpi 1992;

The pejibaye or peach palm (Bactris gasipaes
Kunth, Palmae) is widely distributed in the lowland
Neotropics (Mora Urpi et al. 1997), and contains
ample genetic diversity in its wild and cultivated
populations, due to their different degrees of
domestication in different environments. The fruit
is a starchy drupe selected for size, color, starch
content and form, and is the most important organ
for determining degree of domestication. A
complex hierarchy of landraces was proposed on

Clement 1995). It is important to know if the land-
races proposed morphometrically exist genetically,
since this will enhance the effectiveness of improve-
ment efforts.

The cultivated populations of pejibaye are
grouped into landraces within B. gasipaes var. gasi-
paes, while the wild populations, with no charac-
teristics suggesting even incipient domestication, are
all in B. gasipaes var. chichagui (Henderson 2001).
In situ and ex situ morphometric characterization
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allowed the classification of the Amazonian land-
races (Clement 1986; Mora Urpi and Clement
1988), while Mora Urpi (1992) proposed the
Central American landraces. The landrace hierar-
chy has a primary geographic division defined by
the Andes, with an Oriental group in lowland
northern South America and an Ocidental group
in lowland northwestern South America north-
wards into Central America. Within these groups,
fruit size is the primary factor to distinguish land-
races into microcarpa, mesocarpa and macrocarpa,
since this trait was most modified by human selec-
tion. In the Oriental group, 2 microcarpa, 5 meso-
carpa and 2 macrocarpa landraces have been
mapped to date, while in the Ociental group,
1 microcarpa and 4 mesocarpa landraces have
been mapped (Mora Urpi et al. 1997). These land-
races are composed of a variable number of closely
related domesticated populations, defined by a spe-
cific combination of morphological characteristics,
a restricted geographic distribution and probably a
distinct ethnic history. This definition of landrace is
somewhat different from that of Zeven (1998) and
closer to that of Louette (2000).

Doubts have existed about the validity of one
Amazonian landrace, the Solimoes, since the origi-
nal morphometric analysis and a recent genetic
analysis, using RAPD markers, showed it to be
mostly a part of the Putumayo landrace (Sousa
et al. 2001). Clement (1986) suggested that the
three Central America populations were very simi-
lar, although Mora Urpi (1992) later classified
them as landraces, so their validity as landraces
must be tested.

The origin of pejibaye has been debated exten-
sively and inconclusively for decades (Mora Urpi
et al. 1997). The consolidation of the closely related
wild taxa into var. chichagui simplified the debate
by providing a single ancestral taxon. However,
most domesticates are derived from single domes-
tication events from specific ancestral populations
(Blumler 1992), so the new Bactris classification
has not resolved the origin debate. Essentially,
two schools of thought exist: a single domestication
event, most probably in southwestern Amazonia
(argued most recently by Clement 1995), although
Morcote-Rios and Bernal (2001) have recently
argued for the northern Andes; multiple domesti-
cation events throughout the distribution of the
wild taxa (var. chichagui) (argued most recently

by Mora Urpi 1999). Molecular techniques can
often assist in the phylogenetic analysis that can
resolve this type of debate (Matioli 2001).

The modern economic potential of pejibaye is
centered on its heart-of-palm, but also includes
fruit for direct human consumption as a cooked
fruit (its traditional and major modern use), flour
for baking (a traditional use with modern poten-
tial), animal feed and vegetable oil (Clement and
Mora Urpi 1987; Mora Urpi et al. 1997). This
repertoire of potential uses can best be transformed
into market demand if pejibaye is improved for
each specific use. Hence the demand for genetic
analysis of landraces, as specific landraces can
serve as the basis for improvement for specific
uses (Clement and Mora Urpi 1987). This study
uses RAPD markers to evaluate the genetic varia-
bility and structure of seven morphologically
defined landraces of pejibaye to determine their
validity and phylogenetic relationships.

Material and methods

Two hundred and twenty plants of seven morpho-
logically defined landraces of pejibaye [Amazonia —
Putumayo (33 plants), Solimoes (30), Para (40),
Pampa Hermosa (30); Central America — Tuira
(30), Guatuso (27) and Utilis (30)], 30 plants of
two wild populations [Rio Branco, Acre (15);
Benjamin Constant, Amazonas (15); used as out-
groups], and a single plant of the Jurua landrace
(used as control in the gels), all maintained in the
Pejibaye Active Bank Germplasm at the National
Research Institute for Amazonia (INPA), BR 174,
km 38, Manaus, AM, Brazil, were used. Accession
and plant numbers available on request. An acces-
sion contains nine progeny obtained from a single
plant in situ, so that these samples represent the
landraces at the time of sampling. The accessions
were selected to provide good geographic coverage
of each landrace, while the plants were randomly
sampled from within the accessions.

DNA was extracted with the DNAsy Plant Mini-
kit (Quiagen) from 100 mg of apical meristem of
a lateral sucker (Clement et al. 1997), and quanti-
fied by comparison with ethidium bromide-stained
standard concentrations in 0.9% agarose gels.
When suckers were not present, 200 mg of juvenile
leaf tissue was used, with extraction following
maceration in liquid nitrogen (Weising et al. 1995).



The RAPD fragments were generated following
Williams et al. (1990), with minor modifications.
Each amplification reaction contained 10 ng of
genomic DNA (5 ng/uL), 250 uM of ANTP
(2.5mM), 3 mM of MgCl, (25 mM), 50 ng of primer
(10 ng/uL), 1.5 U of Taq polymerase (CENBIOT/
RS), 3 uL of buffer 1x (200 mM Tris-HCI pH =
8.6; KCI1 500 mM) and was completed to a final
volume of 30 pL with distilled water.

Three DNA samples from different landraces
were used to select among 30 primers [Operon
Technologies (Opa); Biosystems (F)]. Eleven
primers amplified numerous markers; of these,
eight were selected for band resolution and pre-
sence of polymorphisms. RAPD reactions were
performed with two programs in a Perkin Elmer
9600 thermocycler programmed in accordance with
primer resolution after testing aneling tempera-
tures of 40, 45 and 50 °C. Program 1 (primer
F-919-3): 1 cycle of 2 min at 94 °C, 40 cycles
of 1 min at 92 °C, 1 min at 36 °C, 2 min at 72 °C,
plus a final cycle of 3 min at 72 °C. Program 2
(primers Opa-4, Opa-5, Opa-8, Opa-9, Opa-18,
Opa-20, FC13): 2 cycles of 1 min at 94 °C, 1 min
at 36 °C, 2 min at 72 °C, and 33 cycles of 10 s at
94 °C, 20 s at 40 °C, 2 min at 72 °C, plus a final
cycle of 5 min at 72 °C.

After amplification, the products were separated
by electrophoresis in 1.5% agarose gels. Permanent
records were obtained by photographing the
ethidium bromide stained gels under UV light.
Band sizes were determined by comparison with a
1 Kb ladder in each gel.

Bands in the gels were classified as intense (1),
moderate (2), weak (3) or absent (0), based on
visual evaluation of resolution (Grattapaglia
1997). To evaluate the reliability of these interpre-
tations, the Jaccard similarities of the control plant
repetitions in the gels were estimated for the possi-
ble combinations of intensity: 1 versus 2 = 3 = 0;
1 =2versus3=0;1=2=3 versus 0. The combina-
tion with the greatest similarity among the control
repetitions was used (Grattapaglia 1997).

The binary matrix was used to estimate each
landrace’s heterozygosity [assuming absence as
recessive (Weir 1996)] using Nei’s (1972) criterion
and the percentage of polymorphism, using the
TFPGA program (Miller 1997). The within and
among landrace variances were estimated by
AMOVA, using the WINAMOVA v. 1.55 program
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(Excoffier et al. 1992). The within and among
genetic diversities (Ht, Hs, Ggt) was estimated
using the Hartl and Clark (1989) criterion, and
among landrace gene flow was estimated as N, =
0.5(1 — Gg1)/Ggr (Slatkin and Barton 1989), using
the POPGEN v. 1.31 program (Yeh et al. 1999).
An among plant Jaccard similarity matrix was
generated and a dendrogram using UPGMA was
created, using the NTSys-PC program (Rohlf 1990);
also used for the principal components analysis
(PCA). The genetic distances among landraces
were estimated following Nei (1972) and a dend-
rogram was generated with UPGMA, using the
TFPGA program (Miller 1997). The Exact Test
was used (Raymond and Rousset 1995) to deter-
mine the existence of significant differences in
allelic frequencies between landraces, using the
TFPGA program (Miller 1997). The correlation
between the gene flow and geographic distance
matrices (with and without var. chichagui) was
estimated according to Mantel (1967), using the
TFPGA program (Miller 1997) with 999 permuta-
tions. The latter analyses were repeated after pre-
liminary validation of the landraces.

Results and discussion

Genetic analysis of the morphologically defined
landraces

The 8 primers used amplified a total of 113 useful
markers (bands), of which 97 were polymorphic,
with an average of 14.1 bands per primer. These
were reasonably trustworthy for this set of
plants, since the Jaccard similarities of the control
plant averaged 0.953 (£0.023; maximum = 1.0;
minimum = 0.889), when using bands of all inten-
sities together (1 = 2 = 3 versus 0).

The overall mean estimated heterozygosity was
0.31, with 89.4% polymorphism (Table 1). The
Amazonian landraces had a higher mean (0.30)
than the Central American landraces (0.25) and
var. chichagui (0.27), with 86%, 74% and 80.5%
polymorphism, respectively. Estimated heterozyg-
osities based on allozymes (Clement et al. 1997)
were much lower in those populations and land-
races that can be compared: Benjamin Constant,
Amazonas, population (Putumayo landrace) —
heterozygosity = 0.066 with allozymes versus 0.27
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Table 1. Heterozygosity estimates (95% and 99%) and percentage of polymorphism of pejibaye (Bactris gasipaes) landraces in
Amazonia and Central America, and of populations of var. chichagui (Benjamin Constant and Acre) in Amazonia obtained from 113

RAPD markers (97 of which polymorphic).

% Polymorphism

Variety, Region, Landrace Sample (n) Heterozygosity 95% 99%
var. chichagui 30 0.27 74.3 80.5
— Acre! 15 0.22 60.2 67.2
— Benjamin Constant? 15 0.22 59.3 68.1
var. gasipaes — Amazonia 133 0.30 83.0 86.0
— Paru 40 0.24 66.4 75.2
— Solimoes 30 0.30 76.1 82.3
— Putumayo 33 0.27 73.4 77.0
— Pampa Hermosa 30 0.26 72.6 75.2
var. gasipaes — Central America 87 0.25 66.4 74.3
— Tuira 30 0.22 62.0 64.6
— Utilis 30 0.24 62.8 64.6
— Guatuso 27 0.23 63.8 67.2
Overall 250 0.31 84.9 89.4

ISee Clement et al. (1989) for details.
2See Clement et al. (1999) for details.

with RAPDs; San Carlos, Costa Rica, population
(Guatuso landrace) — 0.051 versus 0.23; and
Yurimaguas, Peru, population (Pampa Hermosa
landrace) — 0.141 versus 0.26. These differences
are partially due to the lower allozyme polymorph-
ism (56, 44 and 69%, respectively), greater intensity
of recent selection in the populations studied with
allozymes (at least 2 cycles (Clement et al. 1997)
versus none here), and the greater number of mar-
kers that do not possess important physiological
functions (Buso et al. 1998). The high RAPD
polymorphism better reflects the great genetic
variability observed in pejibaye’s morphological
characteristics (Mora Urpi 1991) than does the
allozyme polymorphism. Other palms, such as
Elaeis oleifera Cortés and E. guineensis Jacq., also
present high molecular polymorphism and ample
morphological diversity (Jack and Mayes 1993;
Shah et al. 1994).

Total genetic diversity (H) present in this set of
landraces was 0.30, of which 0.25 was within the
landraces (Hg) and 0.16 was among the landraces
(Gst). Hence, approximately 85% of the genetic
diversity was within the landraces, while 15% of
the diversity was between them, as also demon-
strated for Clement et al. (1997) with allozymes.
As expected, these estimates correspond closely to
the variance components estimated by AMOVA,
which attributed 82.2% (p < 0.001) of the variation

to the within component and 17.8% (p < 0.001) to
the among landraces component. These values are
similar to those for other allogamous perennial
species, both with DNA markers (Kageyama
1990; Bawa 1992; Gillies et al. 1999) and with
allozymes (Hall et al. 1994; Chase et al. 1995).
The dendrogram generated from the Jaccard
similarities contained eight reasonably well
resolved sub-groups (with the predominance of a
morphologically defined landrace or population of
var. chichagui) and five poorly resolved groups
(without predominance of a landrace) (Table 2).
The fact that 10% of the plants analyzed were
attributed to poorly resolved groups may be
explained by problems of identification in the plan-
tation, collection and manipulation of the samples
in the laboratory, or interpretation of the amplifi-
cation products, as also observed for Sousa et al.
(2001), or by modern distribution of germplasm
from its region of pre-Colombian origin to modern
urban centers (Mora Urpi and Clement 1988).
The principal components analysis detected sig-
nificant molecular variation (Figure 1), with the
first three components explaining only 19.4% of
the variation and the other 110 explaining from
3% to almost zero each. Four main groups which
make geographic sense were observed in the three
dimensional representation of the three principal
components, and which correspond roughly to
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Table 2. Number (and %) of individuals attributed to groups in the dendrogram of individual plants of pejibaye (Bactris gasipaes var.
gasipaes and var. chichagui) based on Jaccard similarities and their relations to morphometrically defined landraces (based on Mora

Urpi et al. 1997).

Group n Chichagui Para Solimoes Putumayo Pampa H. Tuira Utilis Guatuso
Resolved groups

1 8 8 (100) - - - - - - -

2 56 - 3(5 24 (43) 21 (38) 509) - 12 2(4)
3 10 - 8 (80) - 1 (10) 1(10) - - -

4 81 - - - - - 28 (35) 29 (36) 23 (28)
5 18 - 1(6) - - 17 (94) - - -

6 7 7 (100) - - - - - - -

7 36 2(6) 27 (75) - 7(19) - - - -

8 12 12 (100) - - - - - - -
Non-resolved groups

A 1 - - 1 (100) - - - - -

B 3 1(33) - - - 2(67) - - -

C 12 - - 3(25) 2(17) 3(25 2(17) - 2(17)
D 5 - 1(25) 2 (35) 2(35) - - - -

E 2 - - - - 2 (100) - - -
Total 250 30 40 30 33 30 30 30 27
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Figure 1. Three-dimensional representation of the first three principal components of the individual plants of pejibaye (Bactris gasipaes,
var. gasipaes = landraces, var. chichagui = wild), based on 113 RAPD markers.

the larger groupings in the dendrogram of Jaccard
similarities. Within the Central American group, to
the extreme west of Figure 1, there is no evident
formation of sub-groups, which would be expected
if the three Central American populations were
indeed landraces; the Jaccard similarity matrix
(Table 2) did not separate these either. Within
Amazonia, the center and eastern parts of
Figure 1, three groups are evident. On the eastern

extreme is the Para landrace, with a few individuals
of the Putumayo landrace, Amatura and Sao
Paulo de Olivenga populations, which were also
observed by Sousa et al. (2001) and which require
further study. In the center and tending towards the
west are the Putumayo and Solimoes landraces,
which show a mixture of plants, as in the Jaccard
similarity matrix (Table 2). Further west still is the
Pampa Hermosa landrace, with a few individuals
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Figure 2. Dendrogram of Nei’s (1972) genetic distances based on 113 RAPD markers among two populations of wild pejibaye (Bactris
gasipaes var. chichagui) and seven cultivated pejibaye (var. gasipaes) landraces defined on morphometric criteria in Amazonia and
Central America. The consistency values refer to the percentage of markers that supports each junction.

from Central America. Finally, the two populations
of var. chichagui were distributed over the three
Amazonian groups, suggesting either current gene
flow (see below) or that they are ancestral to the
Amazonian landraces. Within this group, a set
of plants tended towards the west (Benjamin
Constant population) and another towards the
east (Acre population).

The dendrogram of the landraces based on Nei’s
(1972) genetic distances was structurally similar to
the dendrogram of the Jaccard similarities at the
macro level, presenting three groups (Figure 2):
the Central American group was composed of the
Tuira and Utilis landraces, and then the Guatuso
landrace; the western Amazonian group was com-
posed of the Solimoes and Putumayo landraces,
then the Pampa Hermosa, and finally the var.
chichagui, Benjamin Constant population; and the
southeastern Amazonian group was composed of
the Para landrace and var. chichagui, Acre popula-
tion. The general structure of this dendrogram is
similar to that of Rojas-Vargas et al. (1999), based
on allozymes in five populations within the
geographic space analyzed here, suggesting consis-
tency between the two studies.

The Exact Test (Raymond and Rousset 1995)
showed that the Tuira and Utilis landraces were
not different (p = 0.97), as observed in the dendro-
gram of Jaccard similarities. The Tuira and
Guatuso landraces also were not different (p =
0.09), although they were much more different
than Tuira and Utilis. It is possible that the
Guatuso landrace is somewhat different due to
selection against spines, since this is the principal
spineless landrace (population) in Central America
(Clement et al. 1988; Clement and Manshardt
2000). The Exact Test also showed that the
Putumayo and Solimoes landraces were not differ-
ent (p = 0.11), which agrees with the dendrogram
of Jaccard similarities and the observations of
Sousa et al. (2001). The var. chichagui populations
(Acre and Benjamin Constant) were different,
although the small number of individuals does
not allow the precision of the other comparisons.
The Para landrace was different from all other
landraces and from the var. chichagui Acre popula-
tion, although they group together in the den-
drogram of Nei’s genetic distances. The Pampa
Hermosa landrace was also different from all
others, which may be partially explained by
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Table 3. Gene flow among pejibaye (Bactris gasipaes) populations of var. chichagui and landraces (var. gasipaes) estimated with

113 RAPD markers and a mean of 30 plants per population.

v.c. Acre v.c. BC Para Solimoes Putumayo Pampa H. Tuira Utilis
v.c. BC 2.7 -
Para 4.7 33 -
Solimoes 2.5 5.5 4.1 -
Putumayo 4 6.3 7.9 16.3 -
Pampa H. 2.4 4.4 3.5 11 11 -
Tuira 1.4 2.3 1.9 4.3 4.3 4.8 -
Utilis 1.6 2.7 2.1 5.1 5.1 5.7 15.7 -
Guatuso 1.7 32 2.6 5.6 5.9 5.7 10.3 12.4

selection against spines in that region also (Clement
et al. 1988; Clement and Manshardt 2000).

The mean gene flow among these landraces and
wild populations was 2.7. Gene flow among the
Central American landraces was high (Table 3),
which agrees with the Nei genetic distances and
again suggests only one landrace in the region.
Gene flow between the Putumayo and Solimoes
landraces was higher still (16.3), strongly suggest-
ing only one landrace there also, which agrees with
the Nei genetic distances and the hypothesis of
Sousa et al. (2001). Gene flow between the
Central American and western Amazonian land-
races was low (4.0), which contradicts, a priori,
Clement’s (1986) hypothesis of their relatedness.

The correlation between the gene flow and geo-
graphic distance matrices, with var. chichagui
included, was —0.62 (Z = 974.8; Z min p = 0.003;
R? = 0.38). When var. chichagui was excluded, this
correlation increased to —0.83 (Z = 624.2; Z min
P =0.009; R* = 0.69). The difference between these
correlations suggests that gene flow between the
landraces and the populations of var. chichagui is
minor even when in geographic proximity. This
agrees with Clement et al.’s (1999) hypothesis of
little introgression between var. gasipaes and var.
chichagui in Benjamin Constant, even though the
populations are sympatric. Two factors may be
involved:  limited flowering synchrony in
Benjamin Constant, as the var. chichagui plants
tended to fruit at and beyond the end of the var.
gasipaes harvest; the plants sampled were from
different sub-populations in the Benjamin
Constant municipality, which might not have
representatives of var. chichagui immediately adja-
cent to the var. gasipaes plants. These two hypo-
theses will require further study.

The valid landraces and their relationships

The set of genetic analyses presented above con-
firms the validity of the Para and Pampa Hermosa
landraces. Although a few plants were mixed with
other landraces in the dendrogram of Jaccard
similarities and the PCA, the number of these was
small compared to other landraces. Part of this
mixture may be due to the introduction of germ-
plasm from the upper Solimoes River (Putumayo
landrace) into Belém, Manaus and Yurimaguas, as
mentioned by Mora Urpi and Clement (1988).
Nonetheless, in general the genetic and morpho-
metric analyses of these landraces are in agreement.

The hypothesis of three landraces in Central
America was not supported. Rather, the dendro-
gram of Jaccard similarities and the PCA showed
the absence of a structure that might support the
hypothesis. The Central American heterozygosities
and percentages of polymorphism were low in com-
parison to the other landraces and similar among
themselves, which suggests a strong affinity among
these populations. The dendrogram of Nei’s
genetic distances and the Exact Tests support
these affinities, and the gene flows were very
high among these three populations. This set of
evidence suggests the existence of only one
landrace in Central America, contrary to the
proposal of Mora Urpi (1992). The Utilis name
should be conserved, in homage to the botanist
S. Oersted, who described cultivated pejibaye in
Central America as Guilielma utilis in 1858.

The case of the Solimoes and Putumayo land-
races is similar to that of Central America: the set
of evidence suggests that the Putumayo landrace
is not different from the Solimoes landrace, corro-
borating the hypothesis of Sousa et al. (2001). The
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Figure 3. Dendrogram of Nei’s (1972) genetic distances based on 113 RAPD markers among two populations wild pejibaye (Bactris
gasipaes var. chichagui) and four cultivated pejibaye (var. gasipaes) landraces validated with genetic criteria in Amazonia and Central
America. The consistency values refer to the percentage of markers that supports each junction.

only contrary evidence is the high heterozygosity
of the Solimoes landrace, but this can be explained
by introgression between the Putumayo and Para
landraces, as these landraces come from different
branches of the dendrogram of Nei’s genetic
distances (Figure 2) and would be expected to gen-
erate enhanced heterozygosity. If this hypothesis
is correct, the Solimoes landrace is not a landrace
but a contact zone between landraces, the limits of
which remain to be determined. The Putumayo
name should be conserved.

Re-analysis of the matrix considering four valid
landraces generated a dendrogram of Nei’s genetic
distances (Figure 3), with the Utilis landrace more
closely related to the western Amazonian land-
races, as suggested by Clement (1986) on morpho-
metric grounds. The western branch of Figure 3 is
remarkably similar to relationships presented by
Rojas-Vargas et al. (1999) and Clement et al.
(1997) using allozymes. Rojas-Vargas et al. found
strong similarities between the populations of
Guapiles (Utilis landrace) and Darién (Tuira land-
race), and that these were more closely related to
Yurimaguas (Pampa Hermosa landrace) than to
Belém (Para landrace) and Chaparé (Bolivia;
not ncluded here) on our eastern branch. The
Nei genetic identities estimated from 17 allozyme
loci (Clement et al. 1997) were nearly identical to
those presented in Figure 3 for the same three

populations of the same three landraces. The
Exact Test demonstrated that all the valid land-
races are different and gene flow among them is
lower than in the original matrix. The correlation
between the gene flow and geographic distance
matrices was —0.86 (Z = 202.9; Z min p = 0.001;
R? = 0.74), without var. chichagui. The distribution
of the landraces of B. gasipaes var. gasipaes con-
firmed by the molecular characterization is demon-
strated in Figure 4, together with the landraces not
yet studied with molecular techniques.

Implications of the new landrace hypothesis

The genetic proximity (Figure 3) between the Utilis
landrace and the western Amazonian landraces
(Putumayo and Pampa Hermosa) suggests histor-
ical gene flow along a corridor between these areas,
the most likely flow being the migration of domes-
ticated populations from Amazonia to Central
America, as suggested by Prance (1984) and
Clement (1986). The low heterozygosity and per-
centage of polymorphism in the Utilis landrace
strengthens the migration hypothesis, since migra-
tions tend to involve only a sample of alleles from
the source population, and inbreeding and genetic
drift can further diminish this sample and change
allele frequencies (Hartl 1981); this also explains
the location of Utilis on the western branch of the
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Figure 4. Approximate distribution of B. gasipaes var. gasipaes (light shading) in the lowland Neotropics, with the approximate
distribution of valid (defined by molecular characterization and morphometric data) and still to be validated landraces. Central
America and northwestern South America landraces — 1. Rama, 2. Utilis (now including Guatuso and Tuira), 3. Cauca. Amazonian
landraces — 4. Tembé, 5. Jurua, 6. Para, 7. Pampa Hermosa, 8. Tigre, 9. Pastaza, 10. Inirida, 11. Putumayo (now including Solimoes),

12. Vaupés.

dendrogram. Clement et al. (1997) reported that
the San Carlos population (ex-Guatuso landrace;
now Utilis landrace) contained a subset of the
Benjamin Constant population (Putumayo land-
race) allozyme alleles, as well as two unique alleles
of unknown origin, possibly derived from introgres-
sion with the local populations of var. chichagui
along the migration corridor in Ecuador, Colombia,
Panama and Costa Rica (see Mora Urpi 1999 for a
listing of these wild populations). In our study, the
Central American populations also contained a
subset of the Amazonian markers, with a unique
marker in Central America (the 640 pb fragment
produced by the F-919-3 primer).

If this hypothesis is valid, the Utilis landrace
probably resulted from a rather late introduction

of already domesticated pejibaye from western
Amazonia into Central America, probably shortly
before the Christian era. Corrales and Mora Urpi
(1990) reported carbonized pejibaye seeds in the
Costa Rican lowlands dated to about 2250 BP;
human intervention in southern Mesoamerican
ecosystems was much earlier, as was the transition
to food production (Piperno and Pearsall 1998).
Hence, in loco domestication is unlikely, contrary
to the proposal of Mora Urpi (1992). While this
hypothesis does not negate Morcote-Rios and
Bernal’s (2001) new hypothesis of a Colombian
Andean origin, this is unlikely given the posi-
tion of the var. chichagui populations on the
final dendrogram (Figure 3) and the fact that
northern Andean populations of var. chichagui do
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not have the domesticate’s seed morphology
(Ferreira 1999).

Ferreira (1999) reported that all cultivated peji-
baye (B. gasipaes var. gasipaes) have seed shape
and germinal pore position similar to the southern
populations of var. chichagui, represented in this
study by the Acre and Benjamin Constant popula-
tions. Although gene flow among these wild peji-
bayes and geographically proximate cultivated
pejibayes was low (Table 3), the positions of the
two wild populations in the final dendrogram
(Figure 3) relative to the cultivated pejibayes are
those expected from the Ferreira (1999) report. If
Costa Rica or Colombia was the origin of the
Utilis landrace (or even all cultivated pejibayes),
the Utilis landrace should appear on a separate
branch of the dendrogram from the var. chichagui
populations.

The two branches of the final dendrogram sup-
port the hypothesis of the origin of the pejibaye in
southwestern Amazonia because of the position of
the two populations of var. chichagui. Although the
dendrogram could also support a double origin of
pejibaye in southwestern Amazonia, the use of only
two populations suggests that the parsimonious
hypothesis is still a single event.

Various other authors have argued for south-
western Amazonia as a center of origin also, as
proposed by Ferreira (1999) based on seed mor-
phology and argued most recently by Clement
(1995). However, the final dendrogram does not
identify which southwestern population(s) gave
rise to pejibaye, as the two southwestern popula-
tions studied here occur on different branches. The
relation between the Para landrace and the var.
chichagui, Acre population, is greater than that
between the Para landrace and the var. chichagui,
Benjamin Constant population, in terms of Nei’s
genetic distances (Figure 3) and gene flow (Table 3),
although the geographic distance between them
is similar. The same is true for the Putumayo
landrace and the var. chichagui, Benjamin
Constant population, versus the Acre population.
Gene flow among the var. chichagui populations is
also low, as expected given the geographic distance
between them.

Huber (1904) identified two populations of what
are now var. chichagui in southwestern Amazonia,
one of which was very similar and geographically
close to the Acre population studied here, and

proposed that this was the region of origin of
pejibaye. Mora Urpi (1984) later argued that
the pejibaye of Bolivia, locally called Tembé, was
morphologically very similar to the pejibaye of the
Para landrace. Rojas-Vargas et al. (1999) reported
similarities between Tembé and Para based on allo-
zymes. Hence, the eastern branch of the final den-
drogram presented here (Figure 3) agrees with
previous studies. The western branch is less well
studied and will require more sampling sites to
confirm.

Assuming that this origin hypothesis is valid,
the final dendrogram (Figure 3) suggests two
migration routes out of the source area: one to the
northeast, in the direction of eastern Amazonia,
finally resulting in the Para landrace; another
to the northwest, in the direction of western
Amazonia, resulting in the Pampa Hermosa and
Putumayo landraces, before crossing the Andes
(perhaps in Ecuador, as suggested by Prance
1984) and reaching Central America, resulting in
the Utilis landrace. This new hypothesis requires
the genetic analysis of more populations of peji-
baye, both cultivated and wild, especially in north-
western South America.

Conclusions

The hypothesis of landraces in pejibaye was sup-
ported by the genetic evidence presented here and
complements the morphometric evidence presented
over the last two decades. The Para and Pampa
Hermosa landraces were supported as originally
presented. The ex-Solimoes landrace was shown
to be part of the Putumayo landrace, which
now extends into central Brazilian Amazonia. The
Central American populations analyzed were
shown to be components of a single landrace in
that region, called Utilis. These four landraces are
closely related, suggesting a single domestication
event, as is generally observed in crop species.
This new interpretation of these four landraces
also supports the hypothesis of the origin of
pejibaye in southwestern Amazonia and suggests
two migration routes: one to the northeast and
another to the northwest. Further genetic analysis
is needed to test these hypotheses, which are also
amenable to study by archaeologists, linguists and
anthropologists, principally to identify the ethnic
groups that may have been involved.
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