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Over the past 16 years, more than half (59.68%) of research papers in China on DNA
barcoding have been published in Chinese rather than English. Using the records in
the BOLD (Barcode of Life Data) system, we found Chinese scientists have contributed
nearly 120,000 DNA barcodes for more than 16,000 species as of September 2019,
with barcoded species distributed throughout China. Based on 2,624 articles and 494
dissertations published during the last 16 years, we reviewed the basic statistics of
these studies as well as the type of articles contributed by Chinese scientists, the
preference of taxonomic groups, the characteristic of barcoding studies in China, the
current limitations, and potential future directions as well. We found that most barcode
data pertain primarily to plants and animals. Most work in China has focused on
verification of the authenticity of species used in traditional Chinese medicine, while other
applications have paid more attention to food safety, inspection and quarantine, and the
control of pests and invasive species. In methodology and technology, a number of new
DNA barcoding methods have been developed by Chinese scientists. However, there
are several significant limitations to research into DNA barcoding in China in general,
such as the lack of leadership in pioneering international projects, the absence of an
open bioinformatics infrastructure, and the fact that some Chinese journals do not
clearly require data transparency and availability for DNA barcodes, impeding the further
development of barcode libraries and research in China. In the future, Chinese scientists
should build authoritative online libraries, while aiming for theoretical innovations for both
concepts and methodology of DNA barcoding.

Keywords: DNA barcode, sequence assignment, COI, ITS, matK, BOLD

INTRODUCTION

Since the inception of DNA barcoding in 2003 (Hebert et al., 2003a,b), it has become
widely used as a taxonomic tool (DeSalle and Goldstein, 2019). It is especially useful for
species identification when accurate morphological information and taxonomic expertise are
limiting factors (Ahrens et al., 2007; Valentini et al., 2009). With additional development and
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methodologies, barcoding is becoming increasingly useful
outside of taxonomy (Hebert and Gregory, 2005), and it is
becoming more popular in ecological (e.g., ecological interactions
and food webs) studies, biodiversity surveys (Hajibabaei et al.,
2007; Joly et al., 2013), conservation biology, biosecurity, and
medicine and pharmacology (Pečnikar and Buzan, 2014).

In China, some taxonomists, such as those who work on
plants, are deeply involved in the study of barcoding, providing
many significant contributions to the international community
of DNA barcoding. For example, 62 researchers from 19
research institutes and universities across the country have
formed the “China Plant BOL (Barcode of Life) Group” to
conduct in-depth research on the DNA barcoding of seed
plants. Based on the barcode combinations recommended by
the Consortium for Barcode of Life (CBOL), they proposed
that ITS/ITS2 should be incorporated into the core barcode
for seed plants after conducting a large number of tests on
four DNA barcode candidate fragments of 6,286 specimens
(China-Plant-BOL-Group et al., 2011). Their research not
only solved the problem of low resolution using only
rbcL + matK but also represented another step forward
toward standardizing the routine use of DNA sequence
data (Hollingsworth, 2011). Besides DNA barcoding of
plants, other Chinese scientists have applied different DNA
barcodes in their own taxonomic groups (Cheng et al., 2011).
However, a systematic review on DNA barcoding research
in China is lacking, especially in an international context,
given the relative inaccessibility of this language to those who
cannot read Chinese.

To this end, we systematically searched for articles published
by Chinese scientists in both domestic and international journals
from 2003 to August 2019 and summarized the contributions
of Chinese scientists in DNA barcoding research in terms of
their publications and data outputs. We have also pointed out
severe limitations and potential future directions for barcoding
research in China.

LITERATURE SEARCHING AND MANUAL
DATA MINING

According to the ecological theory of species–area relations
(Arrhenius, 1921; Gleason, 1922), countries with large land
areas theoretically possess higher biodiversity. With a land area
of more than 9.63 million square kilometers, China is the
third largest country in the world. In the context of DNA
barcoding, the Chinese scientific community is responsible
for documenting an immense wealth of biodiversity and
corresponding barcode sequences. To gauge the amount of
barcode data generated and shared by China, the current number
of records and related species were retrieved with the keyword
“China” (incl. Taiwan) from the BOLD system (The Barcode
of Life Data1; Ratnasingham and Hebert, 2007), which is one
of the world’s most authoritative online barcode databases.
The coordinates of those records were also downloaded to
visualize their geographic distribution at the same time. Barcode
data from the five other largest countries (excluding China),

Russia, Canada, America, Brazil, and Australia were also
downloaded for comparison.

To determine the proportion of the publications on
DNA barcoding from Chinese scientists worldwide, a
preliminary retrieval from the Web of Science (WOS1)
database with the phrase “DNA barcode∗” (the asterisk
was used to enable the return of results containing the
words “barcode,” “barcodes” or “barcoding”) as the keyword
was implemented. To make the results more general, we
searched for publications where the keyword appeared
throughout the full text of articles (with “topic” field
tag in WOS) rather than just in title, which is slightly
different from previous reviews (Taylor and Harris, 2012;
DeSalle and Goldstein, 2019).

A final database was then assembled. To review the DNA
barcoding studies contributed by Chinese scientists during the
last 16 years, a comprehensive literature search was conducted
from not only WOS1 but also China National Knowledge
Infrastructure (CNKI2) for articles published during the period
between January 2003 and August 2019. The latter database
was generally ignored in previous studies by western researchers
due to language issues. We searched for “DNA barcode∗” in
the full text of the paper, with Chinese institutions/universities
as the first research institute (Supplementary Data Sheet
S1). Because of the partial overlap between these two online
databases, we manually removed the duplicative records for
subsequent analyses. Then, to summarize the problems and
potential directions of DNA barcoding research in China in
the future, information of each publication was listed, covering
taxonomic groups, article types, journals, barcode selections, and
research institutions.

1http://isiknowledge.com
2https://www.cnki.net/

FIGURE 1 | Numbers of barcoding records contributed by scientists from the
six largest countries in the world. Countries are given on the X axis, and the Y
axis indicates the number of barcode records (blue bar) and number of
species (red solid line). Country area is given under the name.
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FIGURE 2 | Geographical distribution of barcodes in the BOLD system contributed by Chinese scientists, with samples collected in China. Phyla are denoted by
different colors.

DNA BARCODING AND ITS CURRENT
SITUATION IN CHINA

As the third largest country in the world, China possesses
one of 25 global biodiversity hotspots (Myers et al., 2000).
Based on a survey of the global DNA barcoding library BOLD
system (The Barcode of Life Database3; Ratnasingham and
Hebert, 2007), Chinese scientists have contributed 119,745
DNA barcodes belonging to 16,772 species as of September
2019 (Figure 1). Of the six largest countries examined, the
only countries that have contributed more barcodes are
Australia, Canada, and the United States. Geographically,
studies have taken place throughout much of China,
although fewer have been conducted in the northwest and
northeast (Figure 2).

According to the data from WOS1, 1,993 articles from China
(incl. Taiwan) that were published between 2003 and 2018 include
the phrase “DNA barcode∗” in their “topic” field tag. Following
a review on barcoding published in a domestic journal in
2004, Chinese scientists started publishing their DNA barcoding
research in international journals in 2006, and the number of

3http://www.boldsystems.org

articles began to increase in 2009. By the end of 2018, the total
number of publications on DNA barcoding contributed from
Chinese researchers reached 20.06% of the total number of DNA
barcoding papers published throughout the world (Figure 3),
indicating that China has become one of the major countries
dedicated to research on DNA barcoding. However, this is only
part of China’s contribution to DNA barcoding because more
than half (59.68%) of their publications occur in internal Chinese
journals (most are not databased in WOS).

PUBLICATIONS CONTRIBUTED BY
CHINESE SCIENTISTS

More Empirical but Fewer
Methodological Studies
In this study, all 2,624 articles were classified into four categories:
Category 1 – basic studies, where one or more DNA barcodes
are established for specific taxonomic groups; Category 2 –
practical studies, where DNA barcodes are used to identify
species or other ecologically related research; Category 3 –
methodological studies, where new algorithms or methods of
species identification are developed, computer programs are
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FIGURE 3 | Numbers of articles published on DNA barcoding by Chinese scientists and researchers from all other countries between 2003 and 2018. The X axis
gives the year of publication, and the Y axis indicates the number of studies. Orange bars represent the number of articles published by Chinese scientists, while
blue bars indicate the number of articles published by other researchers from all other countries. The small figure in the upper left corner represents the proportion of
the number of articles from Chinese studies to the total number of articles, where the solid line represents the proportion of articles contributed by Chinese scientists
to all others each year, and the dotted line represents the proportion of accumulated articles to all others.

established, or comparisons are made between different DNA
barcoding approaches; and Category 4 – reviews that summarize
recent advances in DNA barcoding, including those focusing on
certain groups of taxa.

Based on the statistics derived from these different types
of articles, we found that the number of articles pertaining to
Category 1 showed an annual increase, and, by August 2019,
they represented nearly half (47.14%) of the total number of
articles published (Figure 4); Category 2 showed a similar trend,
with 28.24% of articles, and this result implies that China has a
huge demand for DNA barcoding technology, including demand
from traditional Chinese medicine and social needs related to
food safety, inspection and quarantine, pest control, and other
applications (see below).

In contrast to Category 1 and 2, the number of articles
pertaining to Category 3 has increased at a much slower rate
(Figure 4). Methodological studies, accounting for 10.98% of
the total studies, are considerably less common than practical
studies (28.24%). Despite the small percentage of methodological
studies, they may have comprehensive and profound effects
on other DNA barcoding studies. Therefore, we have paid
more attention to them here. In this category, internationally,
one of the earliest algorithms for sequence assignment was
the BLAST algorithm (Altschul et al., 1990), which relies on
local similarity between sequences. However, the credibility of
the assignment results can be questionable in DNA barcoding
(Ross et al., 2008). Most tree-based methods, such as maximum

parsimony (MP; Czelusniak et al., 1990), maximum-likelihood
(ML; Felsenstein, 1981), and Bayesian approaches (Huelsenbeck
and Ronquist, 2001; Munch et al., 2008), are probably more
accurate, but they usually require long processing times and
high-RAM (random access memory) when dealing with very
large DNA datasets (Austerlitz et al., 2009) except neighbor
joining (NJ; Saitou and Nei, 1987). Chinese scientists have used
these approaches in their DNA barcoding studies. The last
decade, however, has also witnessed significant progress in the
methodology of DNA barcoding given many new approaches
proposed by Chinese scientists (Zhang et al., 2008, 2012a,b,
2017; Yu et al., 2012; Liu et al., 2013, 2017; Jin et al., 2018;
Shi et al., 2018). The main advances include both algorithm
development and the optimization of sequencing strategies, as
summarized below.

Artificial intelligence (AI) is used for industrialized
applications in China, and Chinese scientists appear to be
among the first to introduce AI into species identification
algorithms (Zhang et al., 2008). The proposed method is used
for identification of species with unknown barcodes based
on referencing library trained back-propagation (BP) neural
networks. The BP-based method appears to be superior to
commonly used distance-based methods, particularly in cases
involving incomplete lineage sorting (Zhang et al., 2008).
Species identification algorithms for non-coding barcode
sequences based on machine learning methods, such as DV-RBF
and FJ-RBF, also performed well (Zhang et al., 2012a). The
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FIGURE 4 | The number of different types of articles on DNA barcoding published by Chinese scientists each year. The X axis represents the year of publication, and
the Y axis represents the number of studies. A complete dataset for 2019 is not yet available and is shown as a dotted line. The pie chart at the top left represents
the proportion of the total number of research articles of each type derived over 16 years.

problem of species membership can also be solved by linking
it to fuzzy-set-theory (Zadeh, 1965), which efficacy has been
demonstrated by its successful application to empirical datasets
(Zhang et al., 2012b). Compared with other methods, the
fuzzy-set-theory-based approach has great efficacy in reducing
false-positive species identification when conspecifics of the
query are absent from the reference database (Zhang et al.,
2012b). In addition, Shi et al. (2018) combined the Hidden
Markov Model (HMM; Eddy, 1998) algorithm with the fuzzy
membership function and further improved the processing
speed of this approach for exploring large datasets. Naturally,
the expanding number of available methods begets a need
for an integrated toolkit for DNA barcoding. BarcodingR
is one of the most useful software packages that provides
a comprehensive implementation of species identification
methods with additional new functions in R (Zhang et al.,
2017). With the great facility of this package for DNA barcoding
research, the high performance of machine learning approaches
has been successfully applied in studies, such as wood barcoding
(He et al., 2019).

Aside from analysis algorithms, in the optimization of
sequencing strategies, scientists are also developing more efficient
means of obtaining accurate metadata. Yu et al. (2012) proposed
protocols for the extraction of ecological, taxonomic, and
phylogenetic information from bulk samples by combining
mass trapping, mass-PCR amplification, pyrosequencing, and
bioinformatics analysis. They demonstrated that metabarcoding
allows for a broad and efficient estimate of biodiversity for
the first time, which can facilitate assessment of the state of
current ecosystems worldwide. One problem with barcodes
derived from next-generation-sequencing (NGS) analyses is
the shorter maximum read lengths (typically < 150 bp)
and consequent lost taxonomic information. To overcome

this problem, Liu et al. (2013) presented a new Illumina-based
pipeline (SOAPBarcode) that allows for the full-length recovery
of COI barcodes from mixed samples. Their assemblage protocol
involves the use of two libraries: the full-length library (insert
size = 658 bp) and the shotgun library (insert size = 200 bp).
This approach can deliver reliable and taxonomically informative
metabarcoding outcomes for biodiversity-related research (Liu
et al., 2013). Although the introduction and optimization of
metabarcoding has applications for biodiversity studies, the
most accurate approach for taxonomists is to obtain the
complete barcode sequence by amplification from a single
sample. Because Sanger sequencing is approaching its limits
in terms of throughput and chemistry cost, Liu et al. (2017)
developed an Illumina-based pipeline, HIFI-Barcode, to produce
full-length COI barcodes from pooled PCR amplicons generated
by individual specimens. The accuracy of barcode sequences
generated by the new pipeline is comparable to sequences derived
from the Sanger method and only requires about one-tenth of the
current cost (Liu et al., 2017).

The ever-increasing number of DNA barcoding methods
has led to many reviews on the subject. The number of
reviews accounted for 13.64% of all articles. The first review
of DNA barcoding was published in 2004 (Xiao et al., 2004),
and it was the first to introduce Chinese scientists to the
concept, basic principles, and potentials of DNA barcoding.
The increase in the number of reviews came after 2010. Many
papers summarized the application and methods of barcoding
technology in different taxonomic groups (e.g., Cheng et al.,
2011; Yao et al., 2013; Chen et al., 2014; Liang et al., 2015; Sun
et al., 2016). Lately, some researchers have also reviewed DNA
barcoding from the perspective of ecological communities, and
they have proposed a “purpose-driven barcode” fit for multi-level
applications (Pei et al., 2017).
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FIGURE 5 | The number of DNA barcoding studies by Chinese scientists published over different years on different taxonomic groups. The X axis represents the
year of publication, and the Y axis represents the number of studies. A complete dataset for 2019 is not yet available and is shown as a dotted line. The count of
articles on different taxonomic groups is not completely mutually exclusive – some articles involve two or more taxonomic groups, and these articles were used to
estimate the statistics for each taxonomic group respectively. Therefore, the total number of articles is not a simple sum of the number of articles of the three groups.

The Vast Majority of Species Barcoded in
China: Animals and Plants
As originally proposed in 2003, DNA barcoding largely focused
on species of animals (Hebert et al., 2003a), thus indicating a
taxonomic bias in that other groups were less studied (Taylor
and Harris, 2012). This trend continues in China (Figure 5).
As of August 2019, the total number of articles related to
animal groups in China reached 1,104, nearly half (48.72%) of
the total number of research papers (2,266, excluding review
articles). Likewise, plant barcoding studies showed a trend
of continuous and rapid increase similar to that of animal
groups after 2009 (Figure 5). The rapid growth of DNA
barcoding research on plant groups is probably related to Chinese
traditional medicine culture (see below). At the same time,
Chinese researchers have paid less attention to DNA barcoding
of microorganisms. As of August 2019, only 147 research papers
on other groups were published, and most are related to the
classification and identification of fungi as well as viruses and
pathogens (Figure 5).

Internal Publication Chinese Barcoding
Research
In order to present the contributions made by Chinese scientists
to the worldwide efforts focused on DNA barcoding, we
compared the 20 journals where Chinese scientists published
their research most frequently over the last 16 years. As shown
in Figure 6, two thirds of the publications were in Chinese
journals. More than half of these domestic journals pertained to
traditional Chinese medicine, indicating the great need of DNA
barcoding technology for medically related studies. These types
of studies are more likely to be of use to Chinese researchers

than a global audience, so Chinese journals may be the most
appropriate. The English journals PLoS One, Zootaxa, Scientific
Reports, Molecular Ecology Resources, ZooKeys, Mitochondrial
DNA Part A, Systematics and Evolution, and Ecology and
Evolution comprised 46.2% of the publications contributed by
Chinese scientists (Figure 6) and a majority of what could
be considered systematics, evolution, ecology, and biodiversity
studies. One potential benefit from publishing the research
in Chinese journals is that access to the research is locally
available, thus enhancing more general use of barcode data. One
drawback from publishing primarily in Chinese journals is that
contributions made by scientists from China are inaccessible
to scientists from other countries. Therefore, the contributions
made by Chinese scientists are underappreciated, but data
transparency is less acute in the ecology and evolution literature
rather than that in medical or pharmaceutical publications.

DNA BARCODING-RELATED RESEARCH
AREAS IN CHINA

Species Identification and Diversity
DNA barcoding was firstly proposed to simplify the taxonomic
identification of species by providing an efficient and accurate
method that did not require taxonomic expertise (Hebert
and Gregory, 2005). Based on the prevalence of specific
“keywords” in articles published by Chinese scientists, the
current application of DNA barcoding in China is primarily
for species identification (Figure 7). More recently, the
application of DNA barcodes for species identification has
matured, and researchers have turned from the exploration
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FIGURE 6 | Top 20 journals that published DNA barcoding studies contributed by Chinese scientists. The X axis represents the number of studies, and the Y axis
represents journal names. Percentages represent the number of articles published by each journal as a percentage of the total number of the top 20 journals.

and verification of barcode technology to the applications
and solutions of practical problems in the taxonomic groups
they specialize in.

In addition to species identification, Chinese scientists are
using DNA barcodes in phylogenetics (e.g., Feng et al., 2016;
Liu et al., 2016; Chesters, 2017), the discovery of new or cryptic
species (e.g., Liu et al., 2011a,b; Qin et al., 2018), and the
evaluation of the levels of biodiversity (e.g., Chen et al., 2015;
Chesters et al., 2015; Li et al., 2017; Sun et al., 2018; Figure 7).

Based on the statistics of keywords with the top 20 highest
frequency in different literatures, 1.57% of the Chinese barcode
research pertains to herbal medicine and 2.09% for identification
of adulterants (identification of fraudulent products) in Chinese
herbal medicine (Figure 7). Therefore, the emergence of DNA
barcoding technology has indeed proven important for research
on Chinese traditional medicine.

Standard DNA Barcodes for Plant
Groups Need Further Exploration
Ideally, DNA barcodes should at least satisfy the following
criteria: (1) specificity – the DNA fragment must be nearly
identical in the same species but different between different
species; (2) uniformity – the section must be standardized (the
same section should be used in different taxonomic groups);
and (3) robustness – the marker must have conservative primer
binding sites that allow it to be amplified and sequenced from
a large number of groups (Pečnikar and Buzan, 2014). Despite
years of effort to find universal DNA barcodes for different
taxonomic groups, people have to admit that searching for a
universal barcode for all species is utopian. The top five most
commonly used barcodes by Chinese scientists for their own
taxonomic groups are listed in Figure 8. It was found that COI
was used in nearly all studies involving the barcoding of animal
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FIGURE 7 | Frequency of key words in DNA barcoding studies published by Chinese researchers. The X axis represents the frequency of various keywords in the
search results of all articles, and the Y axis represents similar categories of keywords. Percentages represent the ratio of the frequency of each keyword to the total
number of terms in the top 20. There are no terms such as “DNA barcoding,” “DNA barcode,” “DNA barcodes,” and “barcoding” presented here because they are
obviously the most frequent ones.

FIGURE 8 | Frequency of DNA barcodes articles pertaining to animals, plants, and microorganisms. (A) animal, (B) plant, and (C) microorganism groups. The X axis
represents the frequency of each molecular marker used in the article, and the Y axis represents the name of the gene used as a molecular marker.

groups in China (Figure 8A), indicating that the COI region
has been consistently important for the general use of DNA
barcodes of animal groups due to the fact that COI barcodes

perform excellently in most animal groups (e.g., Hebert et al.,
2003a,b; Rougerie et al., 2009; Steinke et al., 2009). Although
other markers, such as 16S rRNA, Cytb, ITS2, etc., have also
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FIGURE 9 | Top 20 Chinese institutions that published (A) research articles and (B) academic dissertations in China. The X axis represents the number of studies,
and the Y axis represents the name of the institution. The abbreviations are as follows: CAMS & PUMC – Chinese Academy of Medical Sciences & Peking Union
Medical College; CAS – Chinese Academy of Sciences; and CACMS – China Academy of Chinese Medical Sciences.

been used in some studies of animal groups, they were co-
analyzed with COI in most cases (e.g., Li et al., 2010; Jin et al.,
2018; Huang et al., 2019). Similarly, ITS genes are the most
commonly used molecular markers (Figure 8C) in studies that
focus on microorganisms, while other genes are used relatively
infrequently and are generally used as auxiliary barcodes.

However, in plant groups, the most frequently used molecular
markers are not as obvious (Figure 8B). ITS2 and ITS are the
most widely used markers in Figure 8B, which were proposed
as novel barcodes for medicinal plants by Chen et al. (2010)
and were suggested to be incorporated into the core barcode for
seed plants by China-Plant-BOL-Group et al. (2011).MatK, psbA-
trnH, and rbcL are high-frequency candidate barcodes for plants
as well, which may be related to the joint use of multiple plant
barcodes in most studies (e.g., Yang et al., 2012; Jin et al., 2014;
Gong et al., 2016; Bao et al., 2018).

In fact, a large part of the studies on plant barcodes in China
are carried out on Chinese medicinal herbs, and the barcodes
selected for these studies are often different. For example, Li
et al. (2014) identified the herbal medicinal materials from
Aristolochia using the matK, rbcL, psbA-trnH, and trnL-trnF
DNA regions. Guo et al. (2017) identified the herbal materials
from Cynanchum using the ITS2 barcode; Gong et al. (2018)
constructed a DNA barcode reference library for “Nan Yao”
(crude drugs mainly produced in or imported through tropical
and subtropical China, especially the Lingnan region, i.e., the
territories south of the Nanling Mountains) using ITS2; and
Jiao et al. (2018) identified the medicinal Polygonati Rhizoma
(a traditional medicinal and edible product with Polygonatum
polysaccharides, saponins, phenols, and flavonoids) efficiently

and accurately using ITS2 and psbA-trnH sequences. This shows
that the selection of molecular markers for plant groups in China
still relies heavily on the combination of multiple markers.

PRIMARY RESEARCH INSTITUTIONS ON
DNA BARCODING

The Institute of Chinese Medicine
Science and Marine Biology: Dominant
Institutions Focusing on DNA Barcoding
Research in China
As shown in Figure 9A, the top five Chinese institutions with the
largest number of articles published on DNA barcodes include
(in order of the most to fewest publications) the Institute of
Medicinal Plant Development (Chinese Academy of Medical
Sciences & Peking Union Medical College), the Ocean University
of China, the Institute of Zoology (Chinese Academy of Sciences),
the Kunming Institute of Botany (Chinese Academy of Sciences),
and the South China Agricultural University. Research at these
institutions mainly focuses on traditional Chinese medicine,
marine organisms, and other animals and plants.

Comparatively, Figure 9B lists the top 20 universities or
research institutions that have contributed the highest proportion
of 494 dissertations related to DNA barcoding. The Ocean
University of China has produced the most master’s and doctoral
dissertations, followed by Peking Union Medical Collage,
Nanjing Agricultural University, Hubei University Chinese
Medicine, and the Chinese Academy of Agricultural Sciences.
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These dissertations focused primarily on marine organisms and
traditional Chinese medicine. Together, these figures reveal
which institutions have pioneered barcoding research in China.

CONCLUSION AND FUTURE
PERSPECTIVES

Based on our analyses, the contribution over the last 16 years
by Chinese scientists to research using DNA barcoding is
underappreciated, primarily because of the bias in that over half
of relevant articles were published in the Chinese rather than the
international literature. In terms of the overall number of barcode
entries, Chinese scientists have produced a considerable amount
of information on plants and animals (Figure 9), and the amount
of data is close to that produced by several other leading countries
in the field (Figure 1). Yet some DNA barcode sequences
are not totally publicly available due to Chinese journals not
clearly requiring data transparency and accessibility for DNA
barcodes. In addition to barcode information on a variety of
species, Chinese scientists are involved in the development of new
barcoding methods as well as the analysis of barcode data from a
large amount of sequencing information.

During the inception of barcoding, research in China was
less well developed than the rest of the world, but it has, since
2009, witnessed a rapid growth (Figure 3). This growth of DNA
barcoding in China is continuously expanding from medicinal
plants to including other plants and animals, but the primary
focus is still on medically and economically important species in
need of identification. Additionally, the application of barcode
technology is expanding, with studies related to phylogenetics,
population genetics, and biodiversity becoming more common.

There are several potential research directions for Chinese
scientists:

(1). Developing integrated evolutionary and/or ecological
projects implementing DNA barcoding. We must admit
that most current barcoding studies in China represent
follow-up research and lack conceptual originality.
The main important concepts and initiatives of DNA
barcoding were not proposed by Chinese scientists in
general (Pei et al., 2017). Studies with barcode data that
appear in western journals where data transparency is
required are often concerned with solving important
ecological and evolutionary problems. However, China
has the funding for – and satisfies the conditions of –
the development of comprehensive research projects
and promotion of theoretical innovation. In China,
there is still a lot of unsurveyed biodiversity, from
rainforests to deserts, where both taxonomists and
evolutionary biologists could conduct investigations via
DNA barcoding. This technology may also be applied
to studies on macroevolution, interactions and food
webs, environmental monitoring (Valentini et al., 2009;
Garlapati et al., 2019). To maximize the value of DNA
barcoding data, the people who collect it must collaborate
with ecologists and evolutionary biologists (Joly et al., 2013;

Cristescu, 2014) to expand the usefulness of barcode data.
In the process, Chinese scientists have the opportunity
to come up with their own new ideas and approaches to
barcoding by developing integrated evolutionary and/or
ecological projects implementing DNA barcoding.

(2). Proposing new approaches and de novo assigning
algorithms for NGS related DNA barcoding. The concept
of metabarcoding (Taberlet et al., 2012) has greatly
expanded the potential scope of applications of DNA
barcoding in recent years. A few scientists from China
have published important papers on metabarcoding (e.g.,
Yu et al., 2012; Zhou et al., 2013; Liu et al., 2017; Lang
et al., 2019), showing great potential in this field. As DNA
barcoding technology matures, we think Chinese scientists
should make more contributions in metabarcoding.
Currently, fewer methodological studies are optimizing
sequencing procedures or proposing new assignment
algorithms to better address the challenges of the big
data era (Coissac et al., 2016). The need for biodiversity-
related research also poses new challenges for barcode
bioinformatics analysis (Taberlet et al., 2012; Wang et al.,
2019). For example, neither PCR-based nor PCR-free
metabarcoding protocol allows the accurate estimation
of species abundance (Braukmann et al., 2019), several
barriers are still exist in metabarcoding when solving
quantitative ecological issues. As each method has its
shortcomings in certain contexts (Paz and Crawford, 2012),
no perfect DNA barcoding method has been proposed
for all cases (Li et al., 2013). The direction of multi-gene,
multi-method, and multi-discipline combinations will
become a primary focus in the future (Yang et al., 2018),
and that is why there is so much space for the development
of methodological advances, given the high demand for
biodiversity research in China.

(3). Constructing a national-level DNA barcoding
reference library. This has also been suggested by some
other scientists (Pei et al., 2017). Although there are a few
local barcoding libraries constructed for specific taxa (e.g.,
Hou et al., 2017; Gong et al., 2018; Liu et al., 2018), few
leading and international DNA barcoding libraries have
been created or have been hosted by Chinese scientists.
Chen et al. (2014) established and continually maintain an
online DNA barcoding database for herbal materials4 with
78,847 barcode records belonging to 23,262 species, which
shows the possibility of constructing national-level DNA
barcode sequence libraries in China. Based on such efforts
to build a foundation for barcoding, China can achieve far
more toward documenting its immense biodiversity (Xu
et al., 2015; Pei et al., 2017).

(4). Integrating into global research by making their
DNA barcode data available to global barcoding research

4http://www.tcmbarcode.cn
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communities. Some Chinese journals do not clearly require
authors to submit their DNA barcodes to a publicly
available database (e.g., submission to GenBank), rendering
these DNA barcodes invisible to the broader scientific
community, impeding DNA barcoding research both
globally and in China. Together with help from the global
scientist community, Chinese scientists must further their
efforts to close the gap with their international counterparts,
especially in data standardization and disclosure. With the
efforts made by the biodiversity committee of the Chinese
Academy of Sciences since 2013, GBIF (Global Biodiversity
Information Facility) has made a Chinese portal5. If a
Chinese edition of GenBank can be established, as proposed
in (3), and be accessible to the researchers all over the
world, submitting the data (including but not only DNA
barcodes) to the library should be equivalent to submitting
to GenBank. Chinese and overseas researchers are to be
encouraged to submit data to both of them simultaneously
before publishing their works. Currently, the National
Genomics Data Center6 may be the most appropriate
candidate for a Chinese DNA barcode repository.
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