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DNA barcode, as a rapid and accurate technique for species discrimination with 

short DNA fragment, has been hot spot of biotaxonomy in the world, but there are still 
debates on which DNA region can be used as the standard barcode for land plants. In 
this article, advantages of DNA barcode, the application and prospect on DNA 
barcode in plant were described, and the technical process of plant DNA barcode was 
summarized. Furthermore, some suggestions in research of plant DNA barcode were put 
forward.  
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Discrimination  and  identification of 
species is primary step in taxonomy, and 
even in all biology research. At present, a 
variety of characters, such as color, shape, 
structure, etc. have been used to identify 
species since Carl Linnaeus conducted 
system classification of species, however 
development of taxonomy faces enormous 
challenges because of limitations in 
morphological identification and shrinking 
of morphological taxonomists. Along With 
development of molecular biology and 
bioinformatics, “DNA barcode” concept 
was put forward by Paul Hebert professor 
(Hebert et al., 2003a, 2003b), then the 
consortium for the barcode of life (CBOL) 
was set up in order to establish the 
standard, fast and low cost method for 
species identification. 
 
Concept and advantage of DNA barcode 

DNA barcode is a rapid and accurate 

technique for species discrimination with 
short DNA fragment, has been hot spot of 
biotaxonomy in the world (Sun et al., 2011), 
and has the following advantages (Ning et 
al., 2008; Liu et al., 2011a): (1) Many samples 
could be identified by DNA barcode, such 
as sample in different growth stages or 
with different shapes, the partially 
damaged sample, the processed sample, 
and so on, so DNA barcode distinctly 
expands the scope of identified samples. (2) 
Because of repeatability and high stability, 
DNA barcode is convenient for 
non-professional taxonomists to identify 
species, thus DNA barcode can effectively 
alleviate lack of talents in species 
identification by morphological 
classification. (3) DNA barcode is more 
accurate, species in genus and family or 
even most species in dozens of families can 
be accurately identified only by one or a 
few gene segments. (4) DNA barcodes 
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could be uniformly managed and shared 
by establishing DNA barcode database. 
Therefore, DNA barcode may be the 
biggest change in biotaxonomy since the 
binomial system of nomenclature was 
established by Carl Linnaeus, not only 
would complement traditional methods of 
species identification, but also possibly 
make evaluation of samples automate and 
standardize. In addition, the application 
system of DNA barcode is easily 
established in a shorter time, and is more 
utilizable (Ren and Chen, 2010), thus DNA 
barcode would have broad application 
prospects in life science, forensic science, 
ecology, biology, medicine, epidemiology, 
evolutionary biology, biogeography, 
conservation biology, food industry, and 
other fields.  
 
Research of candidate DNA barcode in 
plant 

Since mitochondrial cytochrome c 
oxidase subunit I (COI) was proposed to be 
as DNA barcode for animal discrimination 
by Hebert (Hebert et al., 2003a, 2003b), COI 
gene has been widely used to identify 
insects, fish, birds and other animals 
(Hebert et al., 2004a, 2004b; Ward et al., 2005; 
Kerr et al., 2007; Tavares and Baker, 2008), 
yet the evolution rate of COI gene in plant 
is far slower than that in animal, which 
makes COI gene only apply to 
identification of some algae (Saunders, 
2005; Evans et al., 2007). Furthermore, 
totally different from genome evolution of 
animal, many plants could cross each other, 
which would cause larger difference 
between plants on the species level. 
Therefore, the standard sequence of plant 
DNA barcode should be further explored, 
many researchers tried to find DNA 
barcode from chloroplast genome and 
nuclear genome (Cho et al., 2004; Chase et 

al., 2005), and CBOL Plant Working Group 
(CBOL-PWG) suggested that combination 
of genes should be adopted. Theses 
proposed genes consist of coding genes 
and non-coding regions, in which coding 
genes are mainly rpoB, rpoC1, matK, rbcL 
and UPA, the non-coding regions are 
trnH-psbA, atpF-atpH, psbK-psbI and ITS 
(Kress et al., 2005; Kress and Erickson, 2007; 
Pennisi, 2007). 

In order to obtain the universal DNA 
barcode of plants, many researchers 
explored actively in the larger scope of taxa, 
such as angiosperms, even the whole 
land plants, and put forward a variety of 
barcode fragments or their combination 
(Chen et al., 2009). In view of research 
results of DNA barcode in plant 
identification, CBOL-PWG recommended 
rbcL and matK as the universal DNA 
barcode in land plants (Hollingsworth et al., 
2009). Whereas, there are some limitations 
in the above research, for example 
sampling is mainly in larger taxa, and is 
insufficient on the genus or species level, so 
the intraspecific variation would be 
underestimated. Furthermore, sister groups 
is not included in some analysis, which 
may make differences between species 
overvalued. Subsequently, some 
researchers evaluated candidate DNA 
fragments by dense sampling in different 
families or genera again (Sass et al., 2007; 
Newmaster et al., 2008; Zhang et al., 2009). 
In the third international conference of 
DNA barcode which was held in Mexico in 
2009, CBOL-PWG decided rbcL and matK as 
the core barcode of plant DNA barcode, 
and suggested trnH-psbA and ITS as 
supplementary barcode of plant DNA 
barcode (Ren and Chen, 2010). 
 
Screening of plant DNA barcode  

Many researchers  compared 
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and evaluated these candidate DNA 
barcodes, and found that combination of 
ITS and trnH-psbA was relatively 
more suitable to species identification in 
Birch alder genera, Mallow, Ginseng genus, 
Plum genera and other genera and families 
(Ren et al., 2010; Wang et al., 2011; Zuo et al., 
2011; Yang et al., 2012). ITS alone or 
combined with rbcL and matK had very 
high resolution, and could identify species 
in Lysimachia (Zhang et al., 2012), 
simultaneously, the combination of ITS and 
MatK could also identify species in Orchids 
(Xiang et al., 2011). Furthermore, the 
applicability of rbcL, matK, trnH-psbA, 
trnL-F and ITS in Pacltitaxel was evaluated, 
but ITS, trnL-F, alone or their combination 
was suitable for species identification in 
Pacltitaxel (Liu et al., 2011b). Therefore, the 
above studies show that ITS alone or 
combined with other DNA fragments is 
applicable to identify plant species in a lot 
of genera and families. 

In addition, Chen compared seven 
candidate DNA barcodes and analyzed 
6600 ITS2 sequences of 4800 plant species 
in 753 genera, and found the identification 
efficiency of ITS2 on the species level was 
as high as 92.7% (Chen et al., 2010), 
moreover the identification ability of ITS2 
in Rosaceae, Leguminosae, Euphorbiaceae, 
Rutaceae, Paris linn, and Compositae was 
in the scope of 78% to 100% (Pang and 
Chen, 2009; Song et al., 2009; Luo et al., 2010; 
Gao et al., 2011). As a result, CBOL-PWG in 
China suggested that ITS2 should be as 
candidate DNA barcode to identify species 
in the wider range of plant taxa (Li et al., 
2011). Species taxonomy of some genera in 
Meteoriaceae was studied, and results 
showed that the identification effect of ITS2 
was the best, yet combination of plasmid 
gene and nuclear gene was more 
advantageous to identify species (Zhao et 

al., 2010), moreover the combination of 
ITS2, matK and rbcL also had higher 
identification efficiency (92%) in palms 
(Arecaceae) (Jeanson et al., 2011). However, 
some inconsistent results were also 
obtained, for example, ten kinds of 
molecular markers in moss identification 
on the family level were evaluated, but 
ITS2 was not suitable for identification of 
moss plants (Liu et al., 2010), and each 
species in the neotropical genus Psiguria 
(Cucurbitaceae) had their own unique 
barcode (Steele et al., 2010). 

In short, the same candidate DNA 
barcode or the same combination of 
candidate barcode presents different 
identification ability in different taxa, so 
selection and evaluation of DNA barcode 
in the wider range of plant taxa might be 
research focus of plant DNA barcode now. 
 
Operation of plant DNA barcode 
technology 
Obtaining of candidate barcode sequence 

PCR primers of candidate DNA 
barcode could be designed on the basis of 
primers used in some studies (Kress et al., 
2005; Chase et al., 2007; Song et al., 2009) or 
the related resources. In order to obtain 
target sequence by PCR amplification, it is 
necessary to optimize PCR reaction 
conditions and primer combination. The 
amplification efficiency and sequencing 
success rate of candidate barcode should be 
compared, and the evaluation of 
sequencing quality can be performed with 
Sequencher, CodonCode and others (Chen 
et al., 2009). The ease or complexity about 
sequence alignment of candidate barcode 
could be analyzed with Clustal W software 
(Newmaster et al., 2006), simultaneously 
target sequence should be aligned in 
Genbank database by BLAST to contrast 
reliability of sequence information.  
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In addition, the acquisition of plant 
material should base on traditional 
morphological taxonomy, as far as possible 
cover the whole area of species, and 
sampling in the population level should be 
relatively dense (Stoeckle and Hebert, 
2008). 

 
Screening of candidate barcode sequence 

In order to explore application of DNA 
barcode in identification and classification 
of plant species, degree of interspecific and 
intraspecific  variation  and identification 
efficiency of candidate barcode need to be 
compared and evaluated. Generally, the 
genetic distance of  candidate sequence in 
interspecies and intraspecies is calculated 
with Kimura-2-parameter distance (K2P) 
model which is suggested by CBOL (Meyer 
and Paulay, 2005; Lahaye et al., 2008), 
which would contribute to resolution and 
appropriateness of different candidate 
sequences. Furthermore, the intraspecific 
and interspecific differences of candidate 
barcode is tested with Wilcoxon signed 
rank tests (Lahaye et al., 2008), and the 
variation of candidate barcode in 
interspecies and intraspecies is analyzed by 
Taxon DNA software (Meyer and Paulay, 
2005). Then, the pros and cons of candidate 
DNA barcode would be determined 
according to its resolution and suitability. 
 
Evaluation on identification efficiency of 
candidate barcode sequence 

The identification efficiency of 
candidate barcode is generally evaluated 
according to analysis of molecular 
evolutionary genetics, for example, the 
molecular phylogenetic tree established 
with MEGA4.0 or PAUP software would 
test whether different individuals of the 
same species can clustering together (Chen 
et al., 2009). Furthermore, characteristics of 

barcode sequence in the same species 
groups, such as GC content, variable site, 
information site and others, should be 
calculated to study special feature of 
candidate barcode sequence, which would 
contribute to explore application of DNA 
barcode in identification and classification 
of plant species. 

In addition, DNA barcode sequence 
and its sequence diagram, species 
information, gathering information and 
others are submitted to DNA barcode 
database (Ratnasingham and Hebert, 2007), 
which would provide basis for species 
identification. 

 
Prospects 

DNA barcode is a rapid and accurate 
identification technology, its successful 
application in identification of plant species 
would be significant. However, there are 
some problems in screening and research 
of plant DNA barcode, (1) Because the 
phenomenon of hybridization between 
plants is widespread, it would be more 
difficult to obtain the universal DNA 
barcode in plants, and the identification of 
different species groups might need 
different DNA barcode. Furthermore, 
primers of some candidate barcodes have 
poor universality, even different primers 
might be suitable for different groups, thus 
it is necessary to explore primer 
combination of DNA barcode for different 
taxa. (2) Although the feasibility of DNA 
barcode in animal classification is 
constantly validated, lower difference 
between species in the same genus has cast 
doubt on taxonomic identification of 
species. In addition, species which is 
rapidly differentiated and hybrids would 
increase difficulty of species identification. 
At present, the biggest controversy in DNA 
barcode research is whether DNA barcode 
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could be applicable to these closely related 
species or rapidly differentiated species. (3) 
The accuracy of experimental materials is 
crucial because DNA barcode is based on 
traditional taxonomy, furthermore species 
identification would appear chaos if the 
impact of distribution on species is ignored. 

Therefore, the identification ability of 
candidate barcode or their combination 
should be comprehensively compared and 
evaluated by plant taxonomy, molecular 
biology, bioinformatics and other methods, 
and the applicability of DNA barcode in 
classification of these closely related species 
should be further explored, which would 
provide theory basis for screening of plant 
DNA barcode and identification of plant 
species. 
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