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Abstract

Fifteen ecotypes of Schizolobium parahybum (Vell.)
Blake collected in Ecuador (9), Brazil (3), Bolivia (1)
Costa Rica (1), and Peru (1) were analyzed using Ran-
dom Amplified Polymorphic DNA (RAPDs), Amplified
Fragment Length Polymorphisms (AFLPs) and micro-
satellites (SSRs) in order to determine their genetic
relationships and diversity patterns among ecotypes and
to identify the origin of cultivated germplasm in
Ecuador. Although AFLP markers were the most infor-
mative technique based on amplified products, SSRs
clearly differentiated the ecotypes of Ecuador based on
their geographical origin or genetic status into two
groups: commercial ecotypes growing at western
Ecuador very similar to the ecotype from Costa Rica,
and native germplasm from eastern Ecuador and eco-
types from Brazil, Peru and Bolivia.

Key words: AFLP, genetic relationships, DNA-fingerprinting,
RAPD, Schizolobium parahybum (Vell.) Blake, SSR.

Introduction

Forestry industry for wood production of Ecuador
extensively exploits Schizolobium parahybum (Vell.)
Blake (“pachaco”, “guanacastle” or “palo de picho”). This
species is largely distributed through America due it
shows good adaptation to variable climate conditions
and has great possibilities to continue its exploitation
for wood production and other uses. Farmers from

Ecuador are interested to establish orchards which show
fast growth and the best wood quality for production of
cellulose (MONTENEGRO, 1987). In 1950, S. parahybum
was introduced to Quevedo, Ecuador by the Experimen-
tal Laboratory “Pichilingue” of the Instituto Nacional de
Investigaciones Agrícolas y Pecuarias (INIAP). Although
no data are available about the origin of the introduced
germplasm, it has been assumed that it originated from
Costa Rica. Therefore, no evidence is known about the
origin of the most of commercial plantations in Ecuador,
from Costa Rica or native germplasm. In Ecuador,
S. parahybum is commonly propagated by seeds but no
plant or seed pre-selection is done for the establishment
of orchards and this fact has increased the genetic vari-
ability on commercial and native plantations (TIPAN,
1982). 

The knowledge of genetic diversity and the relation-
ships among genotypes will be important for the devel-
opment of appropriate strategies for the in situ conser-
vation of natural woods and the regeneration of partial-
ly logged forests of S. parahybum in Ecuador. This infor-
mation can also serve as a baseline for determining
whether genetic diversity has been lost through the
sampling or conservation involving ex situ propagation,
since those facts have been done in germplasm from
Ecuador for plant improvement. Genetic diversity char-
acterizations will be useful for planning a breeding
strategy for commercial purposes. Genetic diversity of
S. parahybum could be characterized based on morpho-
logical traits or using molecular markers which detect
variation at the DNA sequence level. In particular,
DNA-based polymorphisms are a powerful tool for
assess genetic similarity between natural and breed
genotypes. 

The PCR-based techniques provide a representative
sample of the genome and a virtually unlimited number
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of anonymous markers. Moreover, many of the polymor-
phisms revealed likely neutral (GONZÁLEZ and SIMPSON,
1997). Among the molecular marker methodologies we
choose three of them for the genetic diversity analysis of
S. parahybum: Random Amplified Polymorphic DNA
(RAPDs), Amplified Fragment Length Polymorphisms
(AFLPs) and Simple-Sequence Repeats (SSRs) or micro-
satellites. RAPD analysis is quick and well adapted for
the efficient non-radiactive DNA fingerprinting of geno-
types (WILLIAMS et al., 1990), AFLP is a multi-locus
marker technique developed by VOS et al. (1995) and
generates genomic fragments detected after selective
PCR amplification which provide a number of appealing
features in the fingerprinting of genomes of different
complexity. SSR polymorphisms occur frequently in
plant genomes showing an extensive variation among
individuals and accessions (WHITE and POWELL, 1997)
and they are co-dominant markers. Currently, only a
single report where 16 SSR loci were developed in
S. parahybum from Belize has been published (KAMAU et
al., 2003). 

The objectives of the present work were: 1) to deter-
mine the genetic similarity in a set of ecotypes of
S. parahybum from Ecuador and their genetic relation-
ships with ecotypes from Bolivia, Costa Rica, Brazil, and

Peru and 2) to identify the origin of the S. parahybum
germplasm commercially cultivated in Ecuador. Our
hypotheses were: 1) SSR markers are the best system to
characterize genetic diversity of S. parahybum based on
amplified products, polymorphisms and correct identifi-
cation of genetic relationships among ecotypes and 2)
commercial germplasm of S. parahybum of Ecuador was
developed from germplasm introduced from Costa Rica.

Materials and Methods

Plant materials

Seed samples were collected from 15 ecotypes of
S. parahybum growing in different regions of Ecuador
and other countries (Table 1, Figure 1). Each population
consisted of one bulk of 15 seeds which were germinated
and grown during four weeks under greenhouse condi-
tions in Reynosa, México (26° 05’ LN, 98° 18’ LW; 38 m
above sea level).

DNA extraction

Total genomic DNA was extracted using the procedure
of DELLAPORTA et al. (1983). We used one leaf per plant
from five plants per ecotype. Leaves were harvested 28
days after sowing. Tissues were macerated with liquid

Table 1. – Origin of 15 S. parahybum ecotypes from Ecuador and other countries.

a N = Native; C = Commercial. 
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nitrogen and extraction buffer (100 mM Tris-HCl, pH 8;
50 mM EDTA; 500 mM NaCl; 10 mM mercapto-ethanol;
SDS 1.3%) was applied and the sample incubated to
65°C by 15 min. After, sodium acetate was added and
the homogenate was centrifuged to 17000 rpm by 30
min. The supernatant was transferred to new tube,
extracted with isopropanol and incubated to –20°C over-
night. After incubation the sample was centrifuged
again and the supernatant incubated for 40 min to 37°C
with RNase (10 mg mL–1). The DNA was precipitated
using ethanol and re-suspended in TE (50 mM Tris-HCl,
pH 8; 10 mM EDTA). DNA concentrations were visually
estimated on 0.8% agarose gel stained with ethidium
bromide (1 mg mL–1) using UV light.

RAPD analysis

The RAPD reactions (WILLIAMS et al., 1990) had 25 µL
of total volume which contained 20 ng DNA, 2.5 µL
Buffer Taq, 0.2 µL Taq DNA polymerase (Roche®), 1 µL

dNTPs 10 mM, 3 µL of each primer 2 µM and 8.7 µL of
deionized water. Amplification consisted on one step of
denaturation at 94°C for 2 min, and 40 cycles of 94°C
for 1 min, 37°C for 2 min and 72°C for 2 min; a final
extension step of 7 min to 72°C was applied. Amplified
products were separated by electrophoresis in 1.2%
agarose gels stained with ethidium bromide for 10 min
and photographed with a digital camera under UV light.
Twenty primers (OPA and OPC series from Operon
Technologies Inc., Alameda, USA) were screened on
three randomly chosen ecotypes. The ten primers that
produced high intensity, easily scorable and repro-
ducible bands were selected (OPA-02, OPA-12, OPA-16,
OPA-15, OPC-01, OPC-04, OPC-07, OPC-08, OPC-09,
and OPC-10). RAPD procedure was repeated twice in
order to determine the repeatability of the analysis.

AFLP analysis

The AFLP procedure was performed as described VOS

et al. (1995). Approximately 250 ng genomic DNA were
digested with 10 U of EcoRI and 10 U of Tru9I endonu-
cleases to 37°C for 4 h and incubated to 70°C for 15
min. The DNA fragments were linked to EcoRI and MseI
adapters to 15°C over-night. After pre-selective amplifi-
cation by PCR using the nucleotide A, a selective ampli-
fication by PCR was performed with four combinations
of EcoRI + 3/MseI + 3 primers. AFLP reactions were
denatured by boiling with formamide buffer (98% for-
mamide, 10 mM EDTA, bromophenol blue, xylene
cyanol). All samples were separated by electrophoresis
on 6% denaturing polyacrylamide gels (35 x 45 cm) for
3 h at 2000 V and then revealed using the Silver
Sequence Staining Reagents kit (Promega©; Madison,
WI, USA).

SSR analysis

The SSR analysis was performed as described KAMAU

et al. (2003) using the most informative SSR primer
pairs (Sp1, Sp5, Sp9. Sp12, and Sp13). Reaction mix for
PCR amplifications consisted on buffer Taq 2 µL (50 mM
KCl, 1.5 mM MgCl2), 1.6 µL of each dNTP 10 mM, 1 µL
of each SSR primer 2 µM, 0.15 µL of Taq DNA poly-
merase, and 30 ng of genomic DNA. Amplification con-
sisted on denature of DNA to 94°C for 3 min; 30 cycles
to 94°C for 45 s, the annealing temperature of each SSR
primer for 45 s (KAMAU et al., 2003), and 72°C for 2 min;
a final extension cycle to 72°C for 10 min was applied.
Samples were separated by electrophoresis on 6% poly-
acrylamide gels for 2 h to 2000 V and then revealed
using the Silver Sequence Staining Reagents kit. Gels
were photographed under white light and documented
using the Kodak Digital Science 1D (Eastman Kodak
Co©, Rochester, USA), a software that determines the
molecular weight of each revealed allele.

Data analysis

The RAPD and AFLP bands were visually scored as
either present (1) or absent (0) in each DNA sample.
Based on phenotype frequency, diversity values for each
marker were calculated for each population using Nei’s
unbiased distances (NEI, 1978):

Figure 1. – Schizolobium parahybum ecotype origins. Numbers
indicate the number of ecotype according to Table 1.
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where pi = frequency of a band in the population, and
n = number of individuals analyzed. Diversity values for
each primer or primer combination were calculated as:

where r = number of markers revealed by each primer
or primer combination. Diversity values of each popula-
tion (H) were calculated as the mean hi value over all
markers. 

Each pair-wise matrix was used to construct a dendro-
gram by the UPGMA (Unweighted paired grouping
method with arithmetic averages) algorithm. SSR data
were analyzed using Genetix 4.04 (BELKHIR et al., 2002)
and the dendrograms were constructed by the UPGMA
method using programs from the Phylip 3.65 package
(FELSENSTEIN, 1989). In addition, genetic variation of
each SSR locus was measured in terms of the number of
alleles, the observed heterozygosity and gene diversity
(NEI and LI, 1979). Genetic diversity indexes per marker
system and population were calculated as has been pre-
viously described (POWELL et al., 1996). A bootstrap re-
sampling was performed using DistAFLP software to
determine the robustness of the dendrograms produced
with each marker system (MOUGEL et al., 2002). One
thousand bootstrap replicates were obtained from the
original data and for each replicate a distance matrix
(SKROCH et al., 1992) and a similarity matrix (NEI and

LI, 1979) were calculated. From these 1000 matrices,
confidence limits for each pair-wise comparison were
determined (FELSENSTEIN, 1985). To evaluate the rela-
tionship between the genetic similarities estimated from
the marker systems, the Spearman correlation coeffi-
cients were calculated. In order to determine the signifi-
cance of the grouping determined by each marker sys-
tem, the original distance matrices were used to perform
a summarized dendrogram using the UPGMA method
and programs from the Phylip 3.65 package (FELSEN-
STEIN, 1989). The robustness of the summarized dendro-
gram was measured using the bootstrap re-sampling
method. For each bootstrap replication the data matrix
was re-sampled and the distance matrix reconstructed
and reduced as described above. The topology of the
resulting dendrogram was then compared with the
topology of the dendrogram produced from each marker
system One -thousand bootstrap replications were per-
formed. 

Results

The highest number of amplified bands was found
using AFLPs (78 per AFLP primer combination) but the
highest rate of polymorphic bands was obtained using
SSRs. The number of bands and the number of pheno-
types per assay unit were higher in AFLPs than any
other marker system. The three marker techniques
showed similar diversity indexes among S. parahybum
ecotypes while ecotypes from Ecuador showed similar
diversity indexes than those from other countries (Table
2). All SSR marker loci were polymorphic and 39 puta-

Table 2. – Level of polymorphism and comparison of informativeness obtained
with RAPD, AFLP and SSR markers in 15 ecotypes of S. parahybum.
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Table 3. – Characteristics of the five SSR loci analyzed on 15 ecotypes of S. parahybum.

a KAMAU et al. [6]. OSR = Observed size range; AT = Total number of observed alleles; ASH = Shared
alleles; AE = Alleles unique to Ecuatorian ecotypes; AWO = Alleles unique to No-Ecuatorian ecotypes; 
HO = Observed heterozygosity; HE = Expected heterozygosity.

Figure 2. – Dendrograms of 15 S. parahybum ecotypes on basis to RAPD (a), AFLP (b) and SSR (c) data.
Numbers above the branches represent bootstrap support values (%) for 1000 replicates. The origin and
genetic status is noted to the right of each dendrogram where ECU = Ecuador, BRA = Brazil, CR = Costa
Rica, BOL = Bolivia, PER = Peru, NAT = Native, COM = Commercial.
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tive alleles (different fragment sizes) were found. The
number of alleles per locus ranged from 6 (for Sp5) to 11
(for Sp12) with an average of 7.8 alleles per locus. The
23% of alleles were shared between ecotypes from
Ecuador and other countries and 48.8% were unique to
the ecotypes from Ecuador and 28.2% to ecotypes from
other countries. The heterozygosity between S. parahy-
bum ecotypes ranged from 13 to 73% with an average of
27.8% per locus (Table 3). The SSR analysis showed
that commercial ecotypes cultivated at western Ecuador
were highly similar to the ecotype from Costa Rica.
Native ecotypes from eastern Ecuador were genetically
different to commercial accessions but clustered with
foreign ecotypes from Brazil, Bolivia, and Peru. The SSR
method was the most robust molecular marker system
to determine genetic relationships among S. parahybum
ecotypes (Figure 2) despite SSR showed the lowest
Spearman correlation coefficients among the three mole-
cular marker systems. Data (number of amplified prod-
ucts per reaction) produced by SSR analysis were lower
than those produced using RAPD or AFLP analyses
(Table 2). A comparison of the dendrograms (Figure 3)
indicated that SSR method more clearly separated the
ecotype from Costa Rica and commercial ecotypes of
Ecuador from all other native ecotypes from Ecuador,
Brazil, Bolivia and Peru. The confidence limit for the
separation of groups A and B based on SSR markers was
88% considerably higher than the 59% confidence limit
for this separation observed based on bootstrapping of
AFLP data and 50% of RAPD data (Figures 2 and 3). 

Discussion

Comparison of molecular marker systems

The RAPD, AFLP and SSR markers have been com-
pared in annual (maize, Zea mays L.) (PEJIC et al.,
1998); fruit (olive, Olea europea L.) (BELAJ et al., 2003);
and forestry (Pinus oocarpa) (DÍAZ et al., 2001) species.

In this work, AFLPs were the most efficient marker sys-
tem due to their capacity to reveal the highest number
of bands per reaction and efficiency indexes. However,
the three marker systems were effective to detect genet-
ic variation in S. parahybum since all individuals
showed different genotypes and average diversity index-
es were higher (> 0.8) than those reported in Pinus
species (< 0.40 in P. oocarpa; 0.37 in P. sylvestris; 0.46 in
P. contorta) (SZMIDT et al., 1996; THOMAS et al., 1999;
DÍAZ et al., 2001), mainly due to the diverse origin on S.
parahybum ecotypes. The RAPD marker system was
highly reproducible since the two amplifications pro-
duced the same clustering among S. parahybum eco-
types (data not shown). Similar results were reported by
SHARMA et al. (1996) and MULUVI et al. (1999). However,
RAPD markers differed substantially in their ability to
reveal diversity among S. parahybum ecotypes (DÍAZ

et al., 2001) compared to AFLPs and SSRs. Results con-
firm the need for using a large number of RAPD primers
in order to prevent bias in the estimation of genetic
parameters. In contrast, AFLP system produced fairly
homogeneous estimates of diversity while SSRs clearly
differentiated commercial from native ecotypes and
establish the close relationship between commercial eco-
types from Ecuador and germplasm from Costa Rica.

Figure 3. – Dendrograms of 15 S. parahybum ecotypes on basis to three marker system data.
Numbers above the branches represent bootstrap support values (%) for 1000 replicates. The
origin and genetic status is noted to the right of each dendrogram where ECU = Ecuador, 
BRA = Brazil, CR = Costa Rica, BOL = Bolivia, PER = Peru, NAT = Native, COM = Commercial.

Table 4. – Spearman correlation coefficients among three mole-
cular marker systems applied in S. parahybum produced by
using genetic distances matrixes generated for cluster analysis.

** Significant (p ≤ 0.01)
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These results, together with the large number of AFLP
markers scored per gel lane, counter the potential draw-
backs of the AFLP technique such as more time-consum-
ing, more technically demanding and more expensive
than RAPDs (KARP and EDWARDS, 1995). FONTES et al.
(2003) found that Pseudotsuga menziesii (Mirb.) Franco
provenances of Portugal fell into a single poorly resolved
group together with provenances collected across the
native range of the species and the inability to resolve
whether all Portuguese provenances were the product of
a single or multiple introductions from the native range.
The poor resolution could be caused by the marker strat-
egy of analysis (isozymes) and the low number of loci
analyzed (seven). The authors suggested the denser
sampling of ecotypes in the native range and the use of
a powerful molecular marker methodology such as
microsatellites to clarify genetic relationships among
forest individuals, populations and species.

Origin of commercial S. parahybum ecotypes of Ecuador

The SSR data clearly indicated the close relationship
between commercial S. parahybum germplasm in
Ecuador and ecotypes introduced from Costa Rica and
grouped ecotypes based on geographical origin (commer-
cial ecotypes from western Ecuador and native ecotypes
from eastern). The origin of commercial S. parahybum
germplasm of Ecuador from Costa Rica was strength-
ened by the comparison of dendrogram topologies as
defined by the pattern of branching between ecotypes
were different for each method and the highest confi-
dence limits for relationships based on bootstrapping
using SSRs. In addition, deficits of heterozygotes were
detected for each SSR locus analyzed which indicate
inbreeding and/or population substructure. Deficits
could be explained by the limited sample size used in
this work which was combined with the low number of
SSR alleles amplified in the samples (FONTES et al.,
2003; HARTL and CLARK, 1997). A certain degree of mat-
ing between related individuals would occur and be suc-
cessful among ecotypes. Since ecotypes from Ecuador
were closely related to the ecotype from Costa Rica,
clear parent offspring relationship established would
eventually lead to an excess of homozygotes (CHUNG

et al., 2004). Microsatellite markers showed a clear dif-
ferentiation between commercial and native S. parahy-
bum ecotypes and a close relationship between commer-
cial germplasm and the ecotype from Costa Rica. The
differentiation based on genetic status due the variable
frequency of alleles probably indicates no introgression
between commercial and native ecotypes, the use of
seeds from specific lots or provenances and/or poor gene
flow among native and introduced populations, despite
long cultivation history and similar flowering periods of
different ecotypes (FONTES et al., 2003; HO et al., 2002;
RIBEIRO et al., 2002; SALVADOR et al., 2000).

Implications for reforestation plans in Ecuador using
S. parahybum

The SSR analysis also confirmed that former refor-
estation programs conducted in Ecuador were performed
using germplasm introduced from Costa Rica to the
Experimental Laboratory Pichilingue of INIAP and no

native ecotypes were included. From Pichilingue, new
plants were dispersed to all western Ecuador and subse-
quently, genetic diversity was increased since commer-
cial forest commonly established new plantations using
sexual seeds (TIPAN, 1982). The establishment of forest
plantations throughout the world demands increasing
amounts of seeds annually. Seeds are often transferred
between countries or between areas within countries,
accompanied by inadequate information about their
source and history. Therefore, reproductive material
identification and certification has been an important
issue in recent decades (JONES and BURLEY, 1973). Mole-
cular marker analysis can be considered a helpful tool
for conservation of S. parahybum in Ecuador. In fact,
the germplasm included in this work constitutes the
basis for future breeding programs where the production
of new breed genotypes with tolerance to both biotic and
abiotic stresses and good adaptation through the coun-
try are the major issues. Forestry researchers have rec-
ognized that the use of seeds with different geographical
origins could contribute to differences on growth and
phenotypic characteristics. These differences could be
favorable or not favorable for the successful establish-
ment of new plantations. The knowledge of seed origins
and quality of any lot and their response to both abiotic
(drought, salinity, acid soils) and biotic (diseases, pests)
stresses must be taking into account to optimize the
new forestry nurseries. 
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