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SUMMARY 

 

 

1) rbcL+matK is recommended as the core DNA barcode for land plants. 

 

2) Community efforts to enhance and develop laboratory protocols for these two loci are 

encouraged, and the performance of this barcode should be monitored.  

 

3) It is recognised that individual groups may sequence additional loci beyond this to increase 

discriminatory power, and to suit individual project goals.  

 

4) Tissue collection and storage of samples for plant barcoding projects should be designed to 

provide a long-term resource that be utilised in light of future technological developments or 

modifications to plant barcoding protocols. 

 



 

BACKGROUND 

 
This section responds to the first two requirements in CBOL’s protocols for proposing non-COI 

BARCODE regions. 

 

Demonstration that COI is an inadequate barcode region.  The standard animal DNA barcode 

(CO1) does not work well for plants (see Fazekas et al. 2009).  In general, slow substitution rates in 

plant mitochondrial DNA restrict its utility as a source of characters for taxonomic, systematic and 

evolutionary studies. Because of this, the search for a ‘plant barcode’ has focused on the plastid 

genome.  

 

Description of the systematic search for an alternative to COI.  A combination of in-silico 

screening of existing data, and de novo sequencing has been used to evaluate potential plastid 

barcoding regions. A project funded by the Sloan and Moore foundations, coordinated by the Royal 

Botanic Gardens Kew, included evaluation of plastid coding regions (Chase et al. 2007; Ford et al. 

2009), whereas studies by Kress et al. (2005), Kress and Erickson (2007), and Hae-Lim Lee et al. 

(2007) included both coding and non-coding regions in their comparisons.  

 

At the Second International Barcode of Life Conference in 2007, the seven most promising 

candidate plastid barcode loci were short-listed from these previous studies (rbcL, rpoC1, rpoB, 

matK, atpF-atpH, trnH-psbA, psbK-psbI; reviewed by Pennisi 2007). However, as different 

laboratories had examined different subsets of these loci, the lack of directly comparable datasets 

hampered efforts to finalise the barcode selection.  Reflecting the need to resolve this issue, data 

matrices from different research groups were subsequently supplemented and compiled for joint 

analyses. On 25-26
th

 September 2008, a group of research teams with comparative data on these 

seven leading candidate barcoding loci met in Edinburgh to evaluate the data and come to a 

decision about which locus/loci should be recommended to CBOL as the standard DNA barcode for 

plants.  

 

The sequence data were supplied by Korea University, NHM London, RBGE Edinburgh, RBG 

Kew/University of Aberystwyth, Smithsonian Institute, University of British Columbia, University 

of Guelph, and University of Johannesburg. Direct universality comparisons and sequence trace-

quality assessments were undertaken by researchers at the University of Guelph, and data analyses 

were undertaken by researchers from New York Botanic Garden and NCBI. 

 

 

BARCODE RECOMMENDATION 

 
This section responds to the third section of CBOL’s protocol, justification for the selection of the 

proposed BARCODE region.   

 
Selecting a plant barcode was a close call, as all of candidate loci have different strengths and 

weaknesses, with no one locus perfectly matching all of the required attributes. The outcome of this 

meeting was that the majority of researchers voted for rbcL+matK as the plant barcode.  A paper 

describing the results and making this recommendation was prepared for publication in 

collaboration with 52 co-authors who had contributed towards the comparative evaluation of these 

plant barcoding loci. This paper (CBOL Plant Working Group 2009) is appended to this document 

and forms the basis of this non-CO1 proposal to CBOL.  

 

The recommendation from the CBOL Plant working group is that rbcL+matK is adopted as 

the plant barcode. 

 



 

The rationale for recommending rbcL+matK is given by CBOL Plant Working Group (2009). 

Additional benefits to adopting a core barcode consisting of two coding regions are:  

• Translation of sequences to detect stop-codons or frameshifts can be used to identify base-

calling errors and pseudogenes.  

• The regions can be aligned to allow character-based analyses.  

• Selecting alignable regions enables re-use in broad-scale phylogenetic studies and in turn, 

phylogenetic studies will contribute towards populating the barcode database.  

• Length conserved coding regions will facilitate other forms of comparative analyses of barcode 

sequences. 

 

In making this recommendation, it is recognised that,  

• Unique species-level identification will not be achieved in all cases.  

• Protocol development is required, particularly to improve matK amplification strategies.  

• Individual research groups may supplement this core-barcode with other data as required.  

• Future technological and theoretical developments will result in an evolution of plant barcoding 

approaches.  

 

 

RISKS 

This proposal involves two main risks: 

1) That attempts to improve the amplification & sequencing success of matK will be unsuccessful.  

In the decision-making process it was recognised that a problem with matK is the lack of 

availability of robust primer sets for all land plants. Concerted efforts on primer development 

and amplification strategies are required to overcome this. It is possible, however, that despite 

efforts to generate clade-specific primers and primer-cocktails, problems will remain.  

 

Recognising this risk it is recommended that: 

• Research projects include budgeting for an ‘optimisation’ phase in their work plan.  

• Community efforts are targeted towards development of efficient protocols for matK and the 

outcome of this work is monitored closely. 

• Tissue collection and storage of samples for plant barcoding projects should be designed to 

provide a long-term resource that be utilised in light of future technological developments or 

modifications to plant barcoding protocols. 

 

2) That species discrimination levels will be too low to be useful.  

Plant barcoding studies have focused on assessing relative discriminatory power among loci, 

rather than estimating absolute discriminatory power. However, based on the available data, an 

asymptote in discriminatory power of ≈ 70% is typically reached with two plastid loci (CBOL 

Plant Working Group, 2009; see also Fazekas et al. 2009). Although this level of discrimination 

will suffice for many applications (e.g. Le Clerc-Blain et al. 2009), higher levels of 

discrimination will be required for others.  

 

The use of supplementary loci is one route to increasing discriminatory power. The choice of 

supplementary loci may vary among projects, depending on which loci prove most useful for 

the question at hand. However, at this stage, the following approaches are worth highlighting:  

• Plastid loci. There is no overall evidence for any other plastid region/combination 

outperforming rbcL+matK in discriminatory power. However, in individual taxonomic 

groups, the addition of other plastid loci may lead to a local increase in resolution. Based on 

the CBOL plant working group (2009) paper, trnH-psbA was the next best performing 

plastid locus. 



 

• ITS. Several groups have reported increased species discrimination with ITS compared to 

plastid barcodes (e.g. Okuyama & Kato 2009). Supplementary use of ITS may offer a 

simple method of increasing species discrimination in groups where direct sequencing is 

possible. A current knowledge gap is empirical information on the distribution of land plant 

groups in which routine use of ITS is possible, versus the frequency of situations in which 

paralogy problems occur.  

• Other nuclear loci. Ultimately the use of multiple unlinked nuclear loci will be needed for 

discrimination among very closely related plant species and detection of hybrids. 

Developing methodologies to enable routine use of multiple unlinked nuclear loci in a 

barcoding context is thus an important research goal for plant barcoding.  

 

Recognising that supplementary loci will be required to increase levels of species discrimination 

for some applications, it is recommended that:   

• Community feedback is encouraged to share information on the discriminatory power and 

performance of currently available supplementary barcodes (e.g. plastid regions and ITS). 

• Further research is undertaken to develop protocols for barcoding using multiple single-copy 

nuclear loci. 

• Guidelines are developed on the incorporation of supplementary loci into barcode databases.  

 

 

ADDITIONAL NOTES ON THE NON-CO1 PROPOSAL 
The basis for the non-CO1 proposal to CBOL is the attached paper. In the paper, the three criteria 

used for evaluating plant barcodes were (a) universality, (b) sequence quality, and (c) 

discriminatory power. Some additional notes on the universality and discrimination assessments are 

provided below.  

 

UNIVERSALITY: In the CBOL PWG PNAS paper the universality success criterion for 

angiosperms was based on direct comparisons using a single-primer-per-locus. For gymnosperms 

and cryptogams the reported universality results are based on data compiled from surveys of several 

laboratories, and reflect the percentage of samples from which sequences were obtained, regardless 

of how many primer pairs were used (multiple primer sets were often used for non-angiosperms for 

rbcL, rpoC1, rpoB and matK).  The rationale for this approach was that success in angiosperms is 

perceived by the majority as the most important issue. The requirements adopted for non-

angiosperms were either that the region could be amplified with clade-specific primers, or that there 

is at least a reasonable expectation that clade-specific primers/primer cocktails can be developed.  

 

DISCRIMINATION: CBOL’s protocols for proposing a non-COI region call for documentation of 

the ‘barcode gap’ using figures showing intra versus inter-specific divergences. However, with 

many data points these figures become difficult to interpret. Our preferred method of assessing 

discriminatory power is to report the % of successfully discriminated species. We considered 

discrimination as successful if the minimum uncorrected interspecific p-distance involving a species 

was larger than its maximum intraspecific distance.   

 
Assessments of species discrimination were restricted to situations where multiple individuals were 

sampled from a species, and multiple species were sampled from a genus. The discrimination 

analyses are based on 95 species from which directly comparable data were available for all seven 

loci from the same set of individuals. The multiple-individuals-per-species criterion was selected 

because species discrimination success based on singleton sampled species is susceptible to 

sequencing errors and non-taxonomically informative substitutions making species appear distinct. 

The use of singleton sampled species can thus lead to over-estimates of discriminatory power. The 

use of directly comparable sampling was to avoid comparing some loci from taxonomic groups 

which have easy to distinguish species, with other loci sequenced in different taxonomic groups 



 

which have difficult to distinguish species. An additional analysis was undertaken focusing only on 

the three front-running loci (rbcL, matK and trnH-psbA). This enables an increase in sample size to 

125 species with multiple individuals sampled and multiple species per genus. The discrimination 

success for this sample set is rbcL = 54%; matK = 58%; trnH-psbA = 59%; matK+rbcL = 62%; 

trnH-psbA+rbcL=62%; matK+trnH-psbA = 64%; matK+trnH-psbA+rbcL = 63%. Thus although 

the overall discrimination success drops by adding these samples (e.g. this sample includes some 

more-difficult-to-distinguish species), the relative performance among loci is consistent (≈ 

equivalent discrimination from different 2- and 3-locus combinations). 
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A DNA barcode for land plants
CBOL Plant Working Group1

Communicated by Daniel H. Janzen, University of Pennsylvania, Philadelphia, PA, May 27, 2009 (received for review March 18, 2009)

DNA barcoding involves sequencing a standard region of DNA as
a tool for species identification. However, there has been no
agreement on which region(s) should be used for barcoding land
plants. To provide a community recommendation on a standard
plant barcode, we have compared the performance of 7 leading
candidate plastid DNA regions (atpF–atpH spacer, matK gene, rbcL
gene, rpoB gene, rpoC1 gene, psbK–psbI spacer, and trnH–psbA
spacer). Based on assessments of recoverability, sequence quality,
and levels of species discrimination, we recommend the 2-locus
combination of rbcL�matK as the plant barcode. This core 2-locus
barcode will provide a universal framework for the routine use of
DNA sequence data to identify specimens and contribute toward
the discovery of overlooked species of land plants.

matK � rbcL � species identification

Large-scale standardized sequencing of the mitochondrial
gene CO1 has made DNA barcoding an efficient species

identification tool in many animal groups (1). In plants, however,
low substitution rates of mitochondrial DNA have led to the
search for alternative barcoding regions. From initial investiga-
tions of plastid regions (2–4), 7 leading candidates have emerged
(5, 6). Four are portions of coding genes (matK, rbcL, rpoB, and
rpoC1), and 3 are noncoding spacers (atpF–atpH, trnH–psbA,
and psbK–psbI). Different research groups have proposed vari-
ous combinations of these loci as their preferred plant barcodes,
but no consensus has emerged (5–12). This lack of an agreed
standard has impeded progress in plant barcoding.

Our aim here is to identify a standard DNA barcode for land
plants. To achieve this goal, we have pooled data across labo-
ratories including sequence data from 907 samples, representing
445 angiosperm, 38 gymnosperm, and 67 cryptogam species.
Using various subsets of these data, we evaluated the 7 candidate
loci using criteria in the Consortium for the Barcode of Life’s
(CBOL) data standards and guidelines for locus selection (http://
www.barcoding.si.edu/protocols.html). Universality: Which loci
can be routinely sequenced across the land plants? Sequence
quality and coverage: Which loci are most amenable to the
production of bidirectional sequences with few or no ambiguous
base calls? Discrimination: Which loci enable most species to be
distinguished?

Results
Universality. Direct universality assessments using a single primer
pair for each locus in angiosperms resulted in 90%–98% PCR
and sequencing success for 6/7 regions. Success for the seventh
region, psbK–psbI, was 77% (Fig. 1A). Greater problems were
encountered in other land plant groups, with rpoB, matK,
atpF–atpH, and psbK–psbI all showing �50% success in gymno-
sperms and/or cryptogams based on data compiled from several
laboratories (Fig. 1 A).

Sequence Quality. Evaluation of sequence quality and coverage
from the candidate loci demonstrated that high quality bidirec-
tional sequences were routinely obtained from rbcL, rpoC1, and
rpoB (Fig. 1B, x axis). The remaining 4 loci required more
manual editing and produced fewer bidirectional reads. matK
performed best of this group, although it showed discordance
between forward and reverse reads more frequently than other
coding regions. The greatest problems in obtaining bidirectional
sequences with few ambiguous bases were encountered with the

intergenic spacers trnH–psbA and psbK–psbI, in part attributable
to a high frequency of mononucleotide repeats disrupting indi-
vidual sequencing reads.

Species Discrimination. Among 397 samples successfully se-
quenced for all 7 loci, species discrimination for single-locus
barcodes ranged from 43% (rpoC1) to 68%–69% (psbK–psbI
and trnH–psbA), with rbcL and matK providing 61% and 66%
discrimination respectively (rank order: rpoC1�rpoB�atpF–
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atpH�rbcL�matK�psbK–psbI�trnH–psbA; Fig. 1B, y axis).
Two-locus combinations gave 59%–75% resolution, and 3-locus
combinations 65%–76% (Fig. 1C). Ten of the 2-locus combina-
tions gave 70%–75% discrimination. The top 5 of these involved
various combinations of rbcL, psbK–psbI, matK, and trnH–psbA.
Using all 7 loci, 73% of species were discriminated. When the
species discrimination analyses are extended to the full sample,
which includes those that failed to sequence for 1 or more loci,
the rank order among single-locus comparisons is rpoC1 (38%),
rpoB (40%), atpF–atpH (50%), matK (57%), rbcL (58%), trnH–
psbA (58%), and psbK–psbI (64%). The rise in relative perfor-

mance of rbcL is associated with its strong (87%) discriminatory
power in the cryptogam samples. These were excluded from the
preceding analyses as all had missing data from 1 or more loci.

Discussion
An ideal DNA barcode should be routinely retrievable with a
single primer pair, be amenable to bidirectional sequencing
with little requirement for manual editing of sequence traces,
and provide maximal discrimination among species. Based on
these criteria, 4 of the candidate loci can be excluded (Fig. 1
A and B). Both rpoC1 and rpoB performed well in terms of
universality and/or sequence quality, but had low discrimina-
tory power; atpF–atpH fell below the median for species
resolution in single and multilocus barcodes and for recovery
of high-quality bidirectional sequences; whereas psbK–psbI
showed good discriminatory power, but had the lowest se-
quencing success in these trials, and substantial problems
generating bidirectional reads.

Choosing a plant barcode from the 3 remaining candidate
loci was more difficult. Individually, trnH–psbA, rbcL, and
matK possess attributes that are highly desirable in a plant
DNA barcoding system, although none of the 3 loci fits all 3
criteria perfectly. As reported elsewhere (7), trnH–psbA dem-
onstrated good amplification across land plants with a single
pair of primers (93% for angiosperms; Fig. 1 A) and high levels
of species discrimination. However, problems obtaining high
quality bidirectional sequences are the primary limitation
for this locus. In addition, trnH–psbA has a median length of
418 bp (IQR � 296–500 bp) in the dataset examined here,
which is well-suited for DNA barcoding, but its upper length
of �1,000 bp in some monocot (3) and conifer (11) species can
lead to problems obtaining bidirectional sequences without
using taxon-specific internal sequencing primers.

Among plastid regions, rbcL is the best characterized gene.
Improvements in primer design make it easily retrievable
across land plants (8) and it is well suited for recovery of
high-quality bidirectional sequences. Although not the most
variable region (Fig. 1B), it is a frequent component of the best
performing multi-locus combinations for species discrimina-
tion (Fig. 1C).

matK is one of the most rapidly evolving plastid coding
regions and it consistently showed high levels of discrimination
among angiosperm species (Fig. 1C) (8, 9). Mixed reports have
been published regarding the universality of matK primers,
ranging from routine success (9) to more patchy recovery (7,
8), which has led to reservations about this locus by some
researchers. In the current study, 90% of the angiosperm
samples tested were successfully amplified and sequenced
using a single primer pair (Fig. 1 A). Success in gymnosperms
(83%) and particularly cryptogams (10%) was more limited,
even when multiple primer sets were used.

In summary, rbcL offers high universality and good, but not
outstanding discriminating power, whereas matK and
trnH–psbA offer higher resolution, but each requires further
development work. Primer universality needs improvement
for matK in some clades, and trnH–psbA does not consis-
tently provide bidirectional unambiguous sequences, often
requiring manual editing of sequence traces. Thus, no single
locus meets CBOL’s data standards and guidelines for locus
selection, and as a result a synergistic combination of loci is
required.

One option preferred by some researchers in the CBOL Plant
Working Group was a 3-locus barcode of matK�rbcL�trnH-psbA,
to allow further testing of these loci. Based on the relative perfor-
mance of the 3 loci, the best 2-locus barcode could be selected at
a later date. The majority preference, however, was to select a
2-locus barcode to (a) avoid the increased costs of sequencing 3 loci
rather than 2 in very large sample sets, and (b) prevent further

A C

B

Fig. 1. Comparison of the performance of 7 candidate barcoding loci (see
locus codes at head of Fig. 1A). (A) Universality success based on 170 angio-
sperm samples compared under similar conditions, and community-wide data
for up to 81 gymnosperm and 156 cryptogam samples. (B) Assessment of
sequence quality calculated as the percentage of 190 seed plant samples from
which high quality bidirectional sequences (contigs) could be assembled (see
Materials and Methods for trace-quality criteria), plotted against the percent-
age species discrimination for single-locus barcodes. 95% confidence intervals
are indicated. Colors reflect sequence quality (red, worse; green, better). (C)
Discrimination success for 1–3 and 7 locus barcodes for species for which
multiple individuals from multiple congeneric species were sampled, and all 7
loci were recovered. Outer error bars (thin lines) demarcate 95% confidence
intervals. Inner error bars (thick lines) indicate the relative magnitude of
discrimination failure as measured by the interquartile range (IQR) for the
number of species that are indistinguishable from a given query sequence.
Discrimination success from all 7 loci is shown with a white line, with the
associated 95% confidence interval in light gray, and the magnitude of
discrimination failure in dark gray. Colors indicate the average percentage of
finished bidirectional sequences expected for each locus combination. The
arrow indicates the recommended standard 2-locus barcode.
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delays in implementing a standard barcode for land plants. In the
datasets examined here, sequencing 3 loci did not improve discrim-
ination beyond the best performing 2-locus barcodes.

Among the 2-locus barcode combinations, rbcL�matK was
the majority choice for several reasons. High-quality sequences
of rbcL are easily retrievable across phylogenetically divergent
lineages, and it performs well in discrimination tests in combi-
nation with other loci. Developing amplification strategies for
matK was considered an investment with better prospects for
return than solving the problem of sequence quality in trnH–
psbA caused by mononucleotide repeats (13). Recent primer
development for matK has improved its recovery from angio-
sperms, and so prospects for further improvement in angio-
sperms and other land plant groups seem reasonable, analogous
to the extensive improvements made to primer sets for CO1 for
animal DNA barcoding (14).

We therefore propose rbcL�matK as the standard barcode for
land plants. This combination represents a pragmatic solution to
a complex trade-off between universality, sequence quality,
discrimination, and cost. Using rbcL�matK in the sample set
examined here, species discrimination was successful in 72% of
cases, with the remaining species being matched to groups of
congeneric species with 100% success. Given the logistical
difficulties of undertaking identifications with some �400,000
species of land plant, this 2-locus barcode offers the opportunity
to harness high-throughput automated sequencing technologies
to establish a powerful universal framework for DNA-based
identification of plants.

The unique identification to species level in 72% of cases
and to ‘species groups’ in the remainder will be useful for many
applications of DNA barcoding such as studies of plant-animal
interactions (15), establishing whether plant products in in-
ternational trade belong to protected species (9, 16, 17),
discriminating among seedlings to establish forest regenera-
tion dynamics, or undertaking large-scale biodiversity surveys
with limited access to taxonomic expertise. A particular
strength of the barcoding approach is that these identifications
can be made with small amounts of tissue from sterile, juvenile
or fragmentary materials from which morphological identifi-
cations are difficult or impossible (18). In addition, it is
important to emphasize that the discriminatory power of this
standard barcode will be higher in situations that involve
geographically restricted sample sets, such as studies focusing
on the plant biodiversity of a given region or local area (19, 20).

A future challenge for DNA barcoding in plants is to
increase the proportion of cases in which unique species
identifications are achieved. In the short term, where further
resolution and universality are required, we envisage that the
core rbcL�matK barcode will be augmented in individual
projects from a f lexible short-list of supplementary loci in-
cluding the noncoding plastid regions examined here (trnH–
psbA, atpF–atpH, and psbK–psbI), and the trnL intron which
has been advocated for situations involving highly degraded
tissue (19). The rapidly evolving internal transcribed spacers of
nuclear ribosomal DNA also represent a useful supplementary
barcode in taxonomic groups in which direct sequencing of this
locus is possible (21). Moving beyond these currently available
supplementary barcodes, ongoing advances in sequencing
technologies and the concomitant accumulation of genomic
and transcriptomic sequence data from plants will greatly
increase opportunities for targeting the nuclear genome as a
source of informative characters.

There is little doubt that the approaches used in plant DNA
barcoding will be refined in future (22). However, the key
foundation step for plant barcoding is in reaching agreement on
a standard set of loci to enable large-scale sequencing and the
development of a global plant barcoding infrastructure. The
broad community agreement presented here, to sequence rbcL

and matK as a standard 2-locus barcode, is thus an important
step in establishing a centralized plant barcode database as a tool
for taxonomy, conservation, and the multitude of other appli-
cations (23) that require identification of plant material.

Materials and Methods
Plant Materials. We used a total of 907 samples from 550 species representing
the major lineages of land plants (including 670/445 angiosperm, 81/38 gym-
nosperm, and 156/67 cryptogam samples/species) to evaluate the candidate
barcoding loci (Fig. S1, Fig. S2, and Table S1; cryptogams are defined here as
all non–seed bearing embryophytes).

Universality. To provide directly comparable information on universality
and trace quality (see below), we generated de novo sequence data from
190 samples (including 170 angiosperms) at the Canadian Centre for DNA
Barcoding (CCDB), University of Guelph, using a single primer pair per locus
(Table S1). We used this dataset to quantify universality in angiosperms. As
amplification and sequencing success is typically lower in nonangiosperm
land plants, which often require different primer sets, we compiled existing
data on amplification and sequencing success from different laboratories
as an indicator of success for these groups (n � 81 for gymnosperms; n � 156
for cryptogams; Table S1). Our assessments of universality simply record
whether sequence data were obtained, regardless of the amount of man-
ual trace editing required or the extent of read bidirectionality. Full details
of molecular methods are available from the corresponding author on request.

Sequence Quality and Coverage. To assess suitability for bidirectional sequencing
with minimal requirement for manual editing of sequences, we examined the
quality of the de novo generated sequence traces via the CCDB automated
informaticspipeline.Usingawindowsizeof20bp, segmentswith�2bpshowing
�20QVweretrimmed.Theamountofhigh-quality sequencedatarecoveredwas
defined such that both the forward and reverse reads should have a minimum
length of 100 bp, a minimum average QV of 30, and the post-trim lengths should
be �50% of the original read length; the assembled contig should have �50%
overlap in the alignment of the forward and reverse reads with �1% low-quality
bases (�20QV) and �1% internal gaps and substitutions when aligning the
forward and reverse reads. These quality control criteria were selected as a
pragmatic set of thresholds to discriminate higher quality sequences from lower
quality sequences. Various permutations of the parameters resulted in the same
general conclusions (rbcL, rpoC1, and rpoB performed well, matK was interme-
diate, and fewer high-quality bidirectional sequences were obtained from trnH–
psbA, psbK–psbI, and atpF–atpH).

Discrimination. To evaluate species discrimination we focused on samples from
which all 7 loci were successfully sequenced (397 samples, all seed plants). We
restricted assessment of discrimination success to species where multiple
individuals were sampled from multiple congeneric species (259 samples of 95
species from 34 genera). Although not counted in the discrimination success
statistics, a further 104 singleton-sampled species congeneric with the above,
and 34 singleton-sampled species from 21 other genera were included to serve
as potential sources of discrimination failure. Using the same samples for all 7
loci allowed us to directly compare the relative discriminatory power of the
different loci. We considered discrimination as successful if the minimum
uncorrected interspecific p-distance involving a species was larger than its
maximum intraspecific distance [all distances were calculated from pairwise
global alignments counting unambiguous base substitutions only (24)]. We
evaluated species discrimination for multiple loci by summing the components
of the distance measure for all possible 2–7 locus combinations and recording
the success of each multi-locus combination. We used the binomial distribu-
tion to calculate 95% confidence intervals to establish whether performance
differences between loci and locus combinations were statistically significant.
Species discrimination assessments were then repeated on a dataset of 907
individuals/550 species that included samples successfully sequenced for some,
but not all loci. Multi-locus combinations were not evaluated in this dataset
because of large numbers of zero-distances introduced by individuals being
represented by mutually exclusive loci.
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Data used to generate Fig 1. CBOL Plant Working Group (2009) 

 

 

 

 

Fig 1a  % Universality Success 

Locus Angiosperm Gymnosperm Cryptogam 

rbcL (r) 95.2 95.1 96.8 

trnH-psbA (p) 93.4 93.8 90.4 

matK (m) 90.0 83.3 10.3 

psbK-I (k) 77.1 29.1 27.9 

rpoC1 (c)  98.7 97.5 86.7 

rpoB (b)  98.8 88.3 15.5 

atpF-H (a) 97.6 91.4 49.5 
 

 

 

 

 

 

 

 
 

 

 
 

Fig 1b % High quality sequences % Discrimination 

atpF-H (a) 56.7% 54.7 

rpoB (b) 72.2% 49.5 

rpoC1 (c) 72.9% 43.2 

psbK-I (k) 39.2% 68.4 

matK (m) 63.2% 66.3 

trnH-psbA (p) 44.7% 69.5 

rbcL (r) 85.7% 61.1 

 



 

 

Fig 1c   

Loci Number of markers 

% Species  

Discrimination 

C 1 43.2 

B 1 49.5 

A 1 54.7 

R 1 61.1 

M 1 66.3 

K 1 68.4 

P 1 69.5 

BC 2 59.0 

AB 2 60.0 

AC 2 63.2 

CR 2 64.2 

AR 2 65.3 

BR 2 66.3 

AK 2 67.4 

BM 2 67.4 

CM 2 68.4 

AM 2 69.5 

CP 2 69.5 

AP 2 70.5 

BK 2 70.5 

BP 2 70.5 

CK 2 70.5 

PR 2 70.5 

KM 2 71.6 

KP 2 71.6 

MR 2 71.6 

MP 2 72.6 

KR 2 74.7 

ABC 3 65.3 

ACR 3 67.4 

ABR 3 68.4 

BCM 3 68.4 

BCR 3 68.4 

ABM 3 69.5 

ABP 3 69.5 

ACM 3 69.5 

ACP 3 69.5 

ABK 3 70.5 

ACK 3 70.5 

CPR 3 70.5 

AKM 3 71.6 

AKP 3 71.6 

AMP 3 71.6 

AMR 3 71.6 

APR 3 71.6 

BCP 3 71.6 

Fig 1c   

Loci Number of markers 

% Species  

Discrimination 

BKM 3 71.6 

BKP 3 71.6 

BPR 3 71.6 

CKM 3 71.6 

CKP 3 71.6 

CMR 3 71.6 

KPR 3 71.6 

MPR 3 71.6 

BCK 3 72.6 

BMP 3 72.6 

BMR 3 72.6 

KMP 3 72.6 

AKR 3 73.7 

CMP 3 73.7 

KMR 3 73.7 

BKR 3 75.8 

CKR 3 75.8 

 

 


