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Introduction

Recently, DNA barcoding has emerged as an effec-
tive tool for species identification. This has the poten-
tial for many useful applications in conservation, such
as biodiversity inventories, forensics and trade sur-
veillance. It is being developed as an inexpensive and
rapid molecular technique using short and standard-
ized DNA sequences for species identification. The
core idea of DNA barcoding is based on the fact that
short pieces of DNA can be found that vary only to a
minor degree within species, such that this variation
is much less than between species (Savolainen et al.
2005). As proposed by Hebert et al. (2003), the DNA
barcoding system for animals has been based upon
sequence diversity in mitochondrial cytochrome c
oxidase subunit 1 (COI or cox1). However, in land
plants, the cox1 gene has too low a rate of DNA
sequence change to be used for species-level discrim-
ination. The plastid genome of plants seems to be a
better candidate for DNA barcoding, with enough
variation to distinguish species and at the same time
less intra- than inter-specific variability  (Chase 2005,
Cowan 2006). In 2005, Kress et al. proposed a non-
coding plastid region, the trnH-psbA spacer, as a
good barcode candidate. The Consortium for the
Barcoding of Life (CBOL), via the Plant Working
Group, has established another strategy to find a uni-
versal DNA barcode for land plants. A subset of six
coding regions has been selected and is currently
being tested in various plant taxa. 
Our study is part of a project funded by the Darwin

Initiative for the Survival of Species, which promotes
biodiversity conservation and sustainable use of

resources around the world (http://www.darwin.gov.uk).
This project, based on a partnership between several aca-
demic and governmental authorities in Costa Rica with
the Royal Botanic Gardens, Kew, in the UK, aims to
record orchid diversity, establish long-term monitoring
sites and undertake a pilot study on DNA barcoding for
conservation and trade surveillance. Although some
approaches to identify a DNA barcoding approach for
land plants focused on a wide range of species around the
world, e.g. the work lead by the Plant Working Group of
CBOL, our work concentrates on a limited geographical
area, Costa Rica, and a hyper-diverse family of plants,
orchids. Costa Rica has one of the richest orchid floras in
the world, with over 1300 species on a relatively small
territory of 51,000 km2. In spite of the fact that this coun-
try has a well-developed network of protected areas, with
over 25% of its territory composed of protected forests
and reserves, orchid floras remain under constant threat
from factors such as deforestation and illegal trade.
Furthermore, orchids are well known to be difficult to
identify, particularly when they are sterile. Therefore, the
use of a rapid and standardized DNA-based identification
tool will be invaluable for many applications in conserva-
tion and to enforce international conventions such as the
Biodiversity Convention (CBD) and the Convention on
International Trade in Endangered Species of Wild
Fauna and Flora (CITES). Hence, among other activities
of this project, we are currently working on the develop-
ment of a DNA barcode for Mesoamerican orchids, in
particular Costa Rican species.
Nuclear regions such as the internal transcribed

spacer of the ribosomal DNA (ITS), although often
highly variable in angiosperms, are not a practical
option in several groups and show certain functional
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limitation for DNA barcoding (Kress 2005). Both
coding and non-coding plastid regions present various
advantages (monomorphy, high copy number and
highly diagnostic) and appear to be good candidates.
One aim of barcoding is to find a “barcoding gap”
between the intra- and inter- specific variation for the
proposed regions (Meyer & Paulay 2005). We present
here our preliminary results based on the comparison
of different DNA plastid regions: the non-coding
trnH-psbA spacer and five coding regions.  

Materials and methods

We used standardized protocols for the PCR amplifi-
cation and the sequencing available online on the RBG
Kew website (http://www.kew.org/barcoding/proto-
cols.html); all DNA samples came from the Kew DNA
Bank (http://www.rbgkew.org.uk/data/dnaBank/home-
page.html). The sampling covers 74 taxa representing
50 Mesoamerican orchid species and three temperate
species as outgroups (from the North Temperate genus
Dactylorhiza, Orchideae, Orchidoideae). We selected
47 species Costa Rican species and three species from
other countries with a more northern distribution in
Mesoamerica (from Mexico to Nicaragua).
To evaluate intra-specific variability, eleven of

these species had multiple accessions (from two to
seven). From the plastid genome, we sequenced the
non-coding region trnH-psbA and portions of five
DNA coding regions that have been put forward by
the Plant Working Group of CBOL as potential uni-
versal barcodes for land plants, including accD,
rpoC1, rpoB, matK and ndhJ. Altogether, these
regions represent an aligned combined matrix of 3698
base pairs (bp) for 74 taxa.
We evaluated the inter- and intra-specific varia-

tion from a genetic distance matrix constructed
using pair-wise Kimura 2 parameter (K2P) dis-
tances. The K2P model was used because it is sim-
ple and takes into account variable transition and
transversion frequencies. Genetic distance between
terminal taxa and their closest sister was used to
characterize inter-specific divergence. The two
most genetically distant individuals within each
species were chosen to represent intra-specific
divergence. We compared phylogenetic trees con-
structed using neighbour joining and parsimony

methods. We also combined gene regions to evalu-
ate the potential of a multi-locus barcode. 

Results and discussion

Amplification was generally successful with all the
regions tested. The only region that presented signifi-
cant difficulties was trnH-psbA; there were alignment
problems due to high levels of length variation. The
sequence variability within and between species for
all gene regions appears to overlap considerably, and,
thus, these data do not show any evidence that there
is a barcoding gap. Species groupings within neigh-
bour joining and parsimony trees showed no topolog-
ical differences. At the intra-specific level, the three
gene regions that provided the greatest resolution
were matK, trnH-psbA and rpoB, grouping over 50%
of the eleven species with replicates into monophylet-
ic groups. Among all combinations of regions tested as
multi-locus barcodes, a “triplet” of rpoC1, rpoB and
matK appeared to provide the best result and grouped
all accessions of individuals correctly (Table 1).

Conclusion

As has been found in many plant groups (palms
etc.), orchids exhibit low inter-specific sequence
divergence, and there is no “barcode gap” between
intra- and inter-specific data. However, results from
the regions evaluated here show it is possible to

TABLE 1. Number of intra-specific species groupings per
gene region from a neighbour joining tree (based on 11
species with replicates). 

All regions are coding except for trnH-psbA.

Gene regions Number of species groupings

accD 3 (27.3%)
matK 10 (90.9%)
ndhJ 1 (9.1%)
rpoB 6 (54.5%)
rpoC1 4 (36.4%)
trnH-psbA 8 (72.7%)
Triplet 1 

(rpoC1+rpoB+matK) 11 (100%)
Triplet 2 

(rpoC1+matK+trnH-psbA) 10 (90.9%)
Triplet 3 

(rpoB+matK+trnH-psbA) 10 (90.9%)
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group species replicates together, which is a basic
requirement for a barcode identification tool. From
the NJ reconstruction, the three best regions pre-
senting the highest sequence variation and the best
resolution at the species level are rpoB, trnH-psbA
and matK.
It is clear that no single region will be sufficient as

an efficient and universal barcode for orchids. A
multi-locus barcode, based on two or three plastid
regions, seems to be the most realistic and effective
solution for the identification of Mesoamerican
orchids. Our results show that a “triplet” of regions
would be successful with a combination of regions
like rpoB, matK, trnH-psbA or rpoC1. The next step
for a multi-barcode will depend on the choice of
using only coding regions or including a non-coding
gene like trnH-psbA, although this gene presents
practical complications with alignment.  
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