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The idea: molecular plant identification 

Being able to reliably identify plant species is critical to many areas of endeavour, from plant 

ecology and agriculture to biosecurity or forensic science.  Identifications are usually done 

using morphological characteristics.  This approach works well, but making reliable 

identifications generally requires training in plant morphology, access to suitable 

identification keys (in books, floras, or scientific papers) and suitable plant material for 

identification, e.g. often reproductive structures. 

The aim of DNA barcoding is to use DNA sequences for a standard region of DNA, (the 

“barcode region”) instead of morphology as a tool for plant identification.  In such a system, 

the sequence of nucleotides in the barcode region would provide a unique identifier for a 

species, much as barcodes do for items on a supermarket shelf.  A database of barcode 

sequences of known species would be built up, with the help of experts in plant taxonomy 

and classification, and samples for identification could be compared against this database.  

Such a system could make identifications possible by those without expert plant knowledge, 

and could work for material that is otherwise difficult or impossible to identify, for instance: 

plants that are not flowering, or have flowers that are hard to reach (e.g. in a rainforest); seeds 

or seedlings; plant fragments in foods, medicines or the gut contents of animals; timber 

samples.  As it becomes easier, quicker and cheaper to obtain DNA sequence information 

(perhaps using automated portable devices?) such an approach will become increasingly 

appealing. 

 

What is needed for a barcode to work? 

A key requirement is that we can identify suitable regions of DNA to use as barcodes.  DNA 

sequence differences must be sufficient to reliably discriminate species, i.e., show more DNA 

variation between species than within species.  The barcoding regions must also be 

technically easy to sequence, so they can be reliably sequenced from all species of interest, 

using standard DNA sequencing protocols, for example universal primers for sequencing and 

amplification using the polymerase chain reaction (PCR).  

 

Development of plant DNA barcodes is focussed on chloroplast DNA 

Plants contain DNA in three distinct genomes – in the nucleus, mitochondria and plastids 

(e.g. chloroplasts) – all of which could provide useful barcoding regions.  Studies in animals, 

and groups such as the red algae, have shown that a portion of a mitochondrial gene (5' end 

of the gene for Cytochrome C Oxidase subunit 1; CO1) has many of the properties required 

for DNA barcoding, but this is not the case in plants.  A number of practical difficulties have 

largely precluded the use of nuclear and mitochondrial DNA from use as plant barcodes.  

Chloroplast DNA, in comparison, has a number of properties that make it appealing for this 

purpose.  

The genetic structure of plant chloroplasts is well known.  Entire chloroplast sequences have 

been generated for more than 170 plants.  The chloroplast genome includes a fairly standard 

set of genes, arranged in a reasonably conserved order, separated by spacer regions.  Some 
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genes accumulate mutations more quickly than others, and spacer regions generally 

accumulate more changes than genes.  The structure of the genes is, however, sufficiently 

conserved that (more or less) universal protocols are available for amplifying and sequencing 

particular regions of chloroplast DNA, both genes and spacers.  

For these reasons, current efforts at DNA barcoding have focussed on chloroplast genes and 

spacers as targets for potential barcode regions.  The search is on for regions of DNA that 

show the desired level of discrimination between species.  Some potential barcoding regions 

have been nominated, e.g., a combination of two protein coding genes (rbcL and matK) by 

the international team comprising the Plant Working Group of the Consortium for the 

Barcoding of Life (CBOL), but none of these DNA regions is currently completely 

satisfactory. 

 

Problems with Chloroplast DNA barcoding 

There are clear advantages to targeting chloroplasts in the search for plant DNA barcodes, but 

there are also a number of substantial difficulties.  Much effort has focussed on identifying 

regions that have the right combination of genetic variation for species-level discrimination 

and universal ease of sequencing.  So far this has proved difficult.  The identification success 

rate from some pilot studies for the most promising barcoding regions is c. 70%.  It is 

possible, because DNA mutation rates vary for example, that different genes or spacers might 

be appropriate for different plant groups.  However this diminishes the idea of a simple, 

universal barcode region for all plants. 

In addition, there is another major issue that confounds barcoding efforts based solely on 

chloroplast DNA.  The distribution of chloroplast sequence types does not always correlate 

with species boundaries (Fig. 1).  Different individuals/populations within a species can 

differ in their chloroplast sequence type, and some sequence types can be shared with 

members of different species, usually in the same genus. 
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Fig. 1:  Example of incongruence between species limits and chloroplast sequence type.  This gene tree shows 

relationships between 5 types of chloroplast DNA sequences; coloured circles indicate individuals of different species in 

which these sequence types are found.  Sequence type 5 is unique to one species, but other types are shared, in various 

combinations, between species.  Such a pattern can arise through hybridisation between species, or by the retention of 

ancestral variation (Fig. 2). 
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At least two common processes might lead to this phenomenon, both related to the fact that 

chloroplast DNA is non-recombining, generally uniparentally inherited (most commonly 

maternally), and has a relatively low mutation rate. 

The first mechanism is based on the retention of ancestral variation among related species.  

For example, if an ancestor is variable with respect to sequence type, some or all of its 

sequence types can, by chance, be shared among descendent species (Fig. 2).  
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The second mechanism involves hybridisation and introgression, both of which are 

reasonably common in plants.  Even among species that only hybridise infrequently it is 

possible, through chance processes of population dynamics, that the maternally inherited 

chloroplast types from one species can pass into another and become widespread (this largely 

depends on the extent to which introgressed plants contribute as seed parents, “mothers”, in 

subsequent generations). 

The extent to which chloroplast sequence types are mismatched with species boundaries is 

not clearly known, but it seems reasonably widespread.  Research on a range of Australian 

plant groups, including some studied by researchers in the School of Botany at the University 

of Melbourne and their collaborators, is showing the prevalence of this condition in groups of 

flowering plants ranging from trees (especially eucalypts and some rainforest trees) to alpine 

daisies and cushion plants (Fig. 3). 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2  If an ancestral species is variable with respect to chloroplast sequence types, different chloroplast lineages 

can, by chance processes, be passed to descendant species.  Here, circles of different colours represent individuals 

with different chloroplast sequence types. 

Fig. 3  Examples of Australasian plants for which chloroplast-targeted DNA barcoding is unlikely to work.  Left 

to right: eucalypts; rainforest trees in the genus Halfordia; alpine cushion plants in the genus Chionohebe. 
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Current barcoding initiatives and future prospects 

Despite the inherent difficulties, research on plant DNA barcoding is continuing by a range of 

international research teams.  Work on animal barcoding, using the CO1 gene, is much more 

advanced, but there are teams currently working towards barcoding grasses (which are 

economically important) and trees on a global scale.  

Molecular tools will undoubtedly be increasingly valuable for the identification of some 

plants, especially for fragmentary material, for matters of biosecurity, or for samples of 

“difficult” plant groups.  Whether a universal barcoding system can be developed for all 

plants, or whether a combination of approaches will be required for different groups, remains 

to be seen.  Hand held machines, into which you insert a piece of leaf and are given a species 

name, are still in the realm of science fiction, but that might not always be the case. 

In the meantime, we will have to make do with hand lenses, microscopes, floras, 

identification keys and field guides as our means of plant identification.  It is likely that 

training of experts in these traditional methods will continue, at least for some time, as the 

most efficient means of meeting varied needs for reliable plant identification.  At the very 

least, current and future efforts in developing molecular identification techniques will rely on 

accurate morphological identifications; the knowledge of expert plant taxonomists in crucial 

to developing and assessing the value of these methods.   

 

For further information: 

Botanic Gardens Conservation International: 
http://www.bgci.org/resources/news/0463/?sec=botanic_gardens&option=com_news&id=0463 

International Barcode of Life:  http://www.ibolproject.org 

The Consortium for the Barcode of Life:  http://www.barcoding.si.edu 

http://www.bgci.org/resources/news/0463/?sec=botanic_gardens&option=com_news&id=0463
http://www.ibolproject.org/
http://www.barcoding.si.edu/

