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Ten years of barcoding at the African Centre for DNA Barcoding

B.S. Bezeng, T.]J. Davies, B.H. Daru, R.M. Kabongo, O. Maurin, K. Yessoufou, H. van der Bank,
and M. van der Bank

Abstract: The African Centre for DNA Barcoding (ACDB) was established in 2005 as part of a global initiative to accurately and
rapidly survey biodiversity using short DNA sequences. The mitochondrial cytochrome c oxidase 1 gene (CO1) was rapidly adopted
as the de facto barcode for animals. Following the evaluation of several candidate loci for plants, the Plant Working Group of the
Consortium for the Barcoding of Life in 2009 recommended that two plastid genes, rbcLa and matK, be adopted as core DNA
barcodes for terrestrial plants. To date, numerous studies continue to test the discriminatory power of these markers across
various plant lineages. Over the past decade, we at the ACDB have used these core DNA barcodes to generate a barcode library
for southern Africa. To date, the ACDB has contributed more than 21 000 plant barcodes and over 3000 CO1 barcodes for animals
to the Barcode of Life Database (BOLD). Building upon this effort, we at the ACDB have addressed questions related to community
assembly, biogeography, phylogenetic diversification, and invasion biology. Collectively, our work demonstrates the diverse
applications of DNA barcoding in ecology, systematics, evolutionary biology, and conservation.
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Résumé : Le Centre Africain pour le Codage a barres de ’ADN (ACDB) a été fondé en 2005 afin de contribuer a Il'initiative
mondiale pour documenter rapidement et fidélement la biodiversité au moyen de courtes séquences d’ADN. Le géne mitochon-
drial codant pour la cytochrome c oxydase I (CO1) a rapidement été adopté comme le code a barres de choix chez les animaux.
Suite a I’évaluation de plusieurs locus candidats pour les plantes, le Plant Working Group du Consortium for the Barcoding of
Life a recommandé en 2009 que deux genes plastidiques, rbcLa et matK, soient employés comme principales séquences pour les
plantes terrestres. A ce jour, plusieurs études continuent a évaluer la capacité de ces marqueurs a discriminer divers groupes de
plantes. Au cours de la derniere décennie, les chercheurs du ACDB ont employé ces codes a barres pour générer une banque de
séquences pour I’Afrique australe. A ce jour, ’ACDB a contribué plus de 21 000 séquences végétales et plus de 3000 séquences CO1
pour divers animaux a la Barcode of Life Database (BOLD). En s’appuyant sur ces données, les chercheurs de I’ACDB se sont
intéressés a des questions concernant ’assemblage, la biogéographie, la diversification phylogénétique et la biologie des
invasions chez diverses communautés. Ensemble, ces travaux démontrent les diverses applications du codage a barres de ’ADN
en écologie, en systématique, en biologie évolutive et en conservation. [Traduit par la Rédaction]

Mots-clés : codage a barres de ’ADN, flore et faune africaines, matK, rbcLa, CO1, définition d’especes, applications en écologie.

construction of a reference DNA barcode library of life for species
identification. Hence, DNA barcoding found its primary applica-
tions mainly in the fields of systematics and taxonomy. The main
focus of early work was on testing the discriminatory power of
various markers as potential barcodes (Hebert et al. 2003; Hajibabaei
et al. 2006; Burgess et al. 2011; Clement and Donoghue 2012; Franzini
et al. 2013; Gere et al. 2013). A consensus on the reliability of COI as
DNA barcode for animals was achieved relatively quickly. How-
ever, the quest to find a suitable barcode for plant identification
took longer, and it was not until more than a decade after Hebert

Introduction

Species morphology has provided the basis for description and
classification of life on Earth. However, morphological features
can have complex evolutionary histories, and the identification of
appropriate homologous structures on which to group taxa is a
major challenge (see review by Pereira et al. 2008). Molecular se-
quence data provides a set of alternative characters that might
more reliably capture species differences and evolutionary rela-
tionships. It is not completely certain as to when the term DNA
barcoding was first applied to molecular markers that allowed

discrimination between species (Adamowicz 2015), but the semi-
nal paper by Hebert and colleagues, published in 2003, brought
the concept into the mainstream. Hebert et al. (2003) proposed the

et al.’s seminal publication that the combination of rbcLa + matK
was adopted by the Plant Working Group of the Consortium for
the Barcoding of Life (CBOL) as the barcode for plants (CBOL Plant
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Fig. 1. African countries with formal collaborations with the African Centre for DNA Barcoding (ACDB) and field collection sites.
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Working Group 2009). The African Centre for DNA Barcoding
(ACDB) contributed significantly in affirming matK as a reliable
barcode locus for land plants (see Lahaye et al. 2008). Although
rbcLa and matK loci have been adopted as the universal plant
barcode regions, many studies continue to test the reliability of
alternative plant DNA barcodes (e.g., Clement and Donoghue 2012;
Xu et al. 2015; Daru and Yessoufou 2016).

In recognition of the major contributions of the ACDB to the
barcoding effort, the centre was officially recognised as a major
node in Africa for DNA barcoding in 2010. Since its establishment,
ACDB’s primary aim has been to fill knowledge gaps, and to
strengthen research frameworks for regional, international, and
inter-institutional co-operation focused on African biodiversity
science. We at the ACDB have worked towards validating the ap-
plication of DNA barcoding to the species-rich flora of southern
Africa (e.g., Gere et al. 2013; Mankga et al. 2013; Van der Bank et al.
2013; Maurin et al. 2014; Bello et al. 2015; Hoveka et al. 2016), and
over the past decade we have demonstrated not only how DNA
barcoding can advance species taxonomy in Africa, but also how
barcoding can be integrated within a multidisciplinary frame-
work that can aid conservation decisions and further our under-
standing of the fundamental processes by which species diversity
is generated, distributed, and maintained.

Here, we review and synthesize 10 years of DNA barcoding at the
ACDB. We emphasize how these studies have advanced ecological

Central African Republ

Ethiopia

Tanzania

ladagascar

and evolutionary knowledge of African biodiversity, and the centre’s
contribution to documenting global biodiversity, a central goal of
the DNA barcoding effort.

Brief history of the ACDB

The ACDB is a division of the departments of Botany and Plant
Biotechnology, and Zoology of the University of Johannesburg,
South Africa. Formally established in 2010 with a vision to remain
at the forefront of research on DNA barcoding and its applications
for biosecurity, surveillance, and biodiversity surveys in Africa,
the ACDB, in collaboration with its many partners, has contributed
to large-scale capacity building across numerous African countries
including Angola, Benin, Botswana, Cameroon, Democratic Republic
of Congo, Egypt, Gabon, Ghana, Kenya, Lesotho, Madagascar,
Malawi, Mozambique, Namibia, Nigeria, South Africa, Swaziland,
Tanzania, Zambia, and Zimbabwe (Fig. 1). The formation of a
highly efficient network of partnerships with the ACDB has al-
lowed the collection of new research data, aided biodiversity pro-
tection, and the facilitation of skill development programmes,
including but not limited to training of interns, postgraduate stu-
dents, and border control officials.

Owing to the location of the ACDB in South Africa, our work
over the past decade has focussed mainly on southern Africa. In
South Africa, the ACDB is affiliated with the South African Department
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Fig. 2. Fauna and flora field data collection efforts at the African Centre for DNA Barcoding (ACDB).

of Environmental Affairs (DEA), providing training for interns in
laboratory techniques and biodiversity science. The centre has
also worked with various governmental and nongovernmental
organisations, including the Working for Water Programme, the
South African National Biodiversity Institute, and the Buffelskloof
Nature Reserve. Other African institutions with close ties include
the University of Lagos in Nigeria and the Namibian Tourism and
Marine Resource Centre. In addition, the ACDB has established
formal collaborations with other institutions in North America,
Europe, and Asia.

Species sampling and DNA barcoding

Over the past 10 years, the ACDB has conducted extensive field
data collection across the continent (Fig. 2). These collections have
been concentrated in southern Africa, a region rich in biodiversity,
with more than 24 000 plant species, encompassing five biodiver-
sity hotspots (the Cape Floristic Region, Maputaland-Pondoland-
Albany, Succulent Karoo, parts of the Coastal Forests of East
Africa, and the eastern Afromontane) distributed across diverse
vegetation types (Fig. 3). Specimen collection has focused mainly
on the woody flora, but includes some herbs and fauna (i.e., fish,

@® Animals

® Plants

mammals, insects, molluscs, etc.; Fig. 4). While we have adopted
the standard DNA barcodes for plants (rbcLa + matK) and animals
(COI) (Hajibabaei et al. 2005; CBOL working group 2009), we have
also conducted sequencing projects using additional molecular
markers, including psbA-trnH, trnL-F, and nrITS for plants, and 16S
and 18S for animals.

All specimen metadata, including photographs, taxonomic in-
formation, collection details, and barcode sequences are submitted
to BOLD and GenBank/EBI. To date, the ACDB has contributed
some 24 000 records to the global barcode initiative, encompass-
ing 67 orders of plants and animals (see Table 1).

Taxonomic, ecological, and evolutionary
applications of ACDB barcode data

Since its inception, over 50 scientific publications have used
data generated by the ACDB (Fig. 5). Research focus has shifted
since the establishment of the ACDB, with a move from molecular
systematics and phylogenetics, towards a more ecological focus.
The majority of studies (89%) were on plants, but a number (11%) of
studies on animals have also been published. Taxonomic studies
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Fig. 3. Major vegetation types where collection efforts at the African Centre for DNA Barcoding (ACDB) have been concentrated. (A) Olifants
River, Kruger National Park, Mpumalanga/Limpopo, South Africa. (B) Royal Natal National Park, Drakensberg, KwaZulu-Natal, South Africa.
(C) Table Mountain, Table Mountain National Park, Western Cape, South Africa. (D) Lake Sibaya, iSimangaliso Wetland Park, KwaZulu-Natal,
South Africa. (E) West Coast National Park, Western Cape, South Africa. (F) Kunene River, Epupa Falls, Kunene, Namibia. (G) Gorongosa
limestone gorges, Gorongosa National Park, Sofala Province, Mozambique. (H) Zambesian flooded grasslands, Western Province, Zambia.

Photographs: Olivier Maurin.

A

make up approximately 56% of all publications; however, an im-
portant additional component (44%) of the output from the ACDB
has addressed ecological and evolutionary questions, demonstrat-
ing the utility of barcode data beyond the fields of taxonomy and
systematics (see also Joly et al. 2013). In the following sections we
highlight a few of the key studies that have resulted from this
effort.

Plant taxonomic studies at the ACDB

Plant molecular systematics has been a major focus of our work
at the ACDB. We have published a number of taxonomic studies
on the African flora, which have been cited over 1200 times in
total, including important revisions to African acacias, a signifi-
cant component of the tree flora of southern Africa, and aloes, a
species-rich lineage of succulent plants. Although there is a clear
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Fig. 4. Representation of taxonomic coverage of barcoding efforts at the African Centre for DNA Barcoding (ACDB), following Raupach and

Radulovici (2015).

J Plants
n = 7452 (66%)

Table 1. Number of taxonomic records representing orders, families,
genera, and species submitted by the African Centre for DNA Barcoding
(ACDB,) to the BOLD database.

Linnaean species

Orders Families Genera (specimens barcoded)
Plants 60 239 1924 7452 (21102)
Animals 7 27 444 521 (3751)

distinction between DNA barcoding and molecular systematics—
the former has been developed mostly for species identification/
discovery, whilst the latter attempts to resolve phylogenetic
relationships among species within particular taxonomic groupings—
we at the ACDB have integrated DNA barcodes in systematics
studies to (i) contribute to the global barcoding campaign and
(ii) supplement existing data, or to resolve relationships on “back-
bone” phylogenies. It is important to note, however, that in most
systematics studies conducted at the ACDB we do not rely solely
on barcodes, but rather we use barcodes to supplement DNA studies
using additional molecular markers including psbA-trnH, trnL, trnL-
trnF, rpl32-trnL, psaA-ycf3, and ITS1 (see Daru et al. 2013; Kyalangalilwa
et al. 2013; Manning et al. 2014; Boatwright et al. 2015; Maurin et al.
2016 and other examples below).

Re-circumscribing African acacias

The ACDB joined the global effort to transfer African Acacia s.1.
to the genera Senegalia Raf. and Vachellia Wight & Arn. following
the acceptance of the proposed re-typification of the genus with
an Australian species. At the ACDB, we used the matK barcoding
locus to help disentangle relationships among species of Acacia.
We demonstrated a polyphyletic relationship within the subgenus
Acacia, supporting the need for taxonomic revision. Kyalangalilwa
et al. (2013) formally transferred the African species of Acacia to
two genera (i.e., Senegalia and Vachellia). Despite this advance, the
position of the Madagascan species remained unclear from a phy-
logenetic point of view. However, Boatwright et al. (2015) gener-
ated and included sequences for seven Madagascan species into
the existing matrix of Acacia s.1. (see Kyalangalilwa et al. 2013) and
analyzed the placement of these species in the broader phylogeny.
Results indicated that species from this region are placed in either

Molluscs
n = 1127 (10%)

Crustacea
n =314 (3%)

Mammals
n =190 (2%)

Insects
n =908 (8%)

Senegalia or Vachellia, which is in agreement with the morpholog-
ical characters used to distinguish between them (Boatwright
etal. 2015). Initially, there was hesitation among African botanists
in adopting this new classification, but such changes are gaining
acceptance in the wider botanical literature.

Improving Alooideae systematics

We combined DNA barcode data and morphological characters
to provide a better understanding of the evolutionary relation-
ships of aloes and related genera within subfamily Alooideae
(Daru et al. 2013). Notably, this study identified important short-
comings in the previously accepted classification, a result of ho-
moplasy and the difficulty in identifying consistent characters to
distinguish species within genera, suggesting the need for a new
treatment of the subfamily, re-circumscribing Alooideae genera
into monophyletic groupings (Daru et al. 2013; Manning et al. 2014).

Taxonomic revision and species delimitation within
Combretaceae

In 2006 a phylogenetic project was initiated at the ACDB with
the aim of investigating species delimitation and the phylogenetic
relationships within the Combretaceae. The dataset generated so
far comprises all the genera and key taxa at the infra-generic level,
with over 200 specimens sequenced for the core barcode markers
plus some additional regions including the plastid psaA-Ycf3
spacer. These studies supported the classification of the family
into two subfamilies, Strephonematoideae and Combretoideae,
but also showed a lack of resolution within subtribe Terminalii-
nae, with Terminalia not supported as a monophyletic group.
These results led to the reinstatement of two genera, Grandiflora
and Trichopetala, which had previously been sunk into subgenus
Cacoucia (Maurin et al. 2010; Jordaan et al. 2011a, 2011b), and high-
light the need for major taxonomic revisions within this family.
This work additionally demonstrated high efficacy of DNA barcod-
ing for species delimitation within African Combretaceae (Gere
et al. 2013).

Faunal diversity studies at the ACDB

While the main focus of the ACDB has been on the flora of
southern Africa, the Centre has also addressed a number of prob-
lematic animal clades, including species delineation of the Afri-
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Fig. 5. Taxonomic and ecological studies published by the African Centre for DNA Barcoding (ACDB) since its inception.
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can silver catfish, and the cryptic diversity of scale insects, spiders,
and gastropods.

Taxonomy and phylogeography of the African silver catfish

Members of the catfish genus, Schilbe, notably Schilbe intermedius,
have great economic and nutritional value because they are
widely distributed and abundant across African river systems, and
they are a good source of protein and omega three oils. This cat-
fish was traditionally divided into different genera based on the
presence or absence of adipose fins. However, researchers subse-
quently observed a rudimentary adipose fin on the holotype for
Eutropius that may have been overlooked by early taxonomists,
and synonymized Eutropius depressirostris and Schilbe mystus with
Schilbe intermedius (De Vos and Skelton 1990). Our results, using the
CO01 barcode, not only revealed that they are different species, but
also showed a strong phylogeographical pattern in their distribu-
tion (Van der Bank et al. 2012).

Cryptic diversity: scale insects and spiders

Scale insects (Coccoidea) are potentially important crop pests;
however, identifying specimens is complicated because they are
often immature or damaged, making morphological characters
difficult or in some cases impossible to analyse. We combined the
CO1 DNA barcode regions together with the nuclear regions 18S
and 28S across 10 scale insect families, and showed that it was
possible to identify species with up to ~92% accuracy (Sethusa
et al. 2014). Correct and rapid identification of scale insects is
critical because delays at ports of entry could cause damage to
imported food. In a separate study on tent-web spiders, we com-
bined the COI barcode and sequence information for the nuclear
H3 gene along with morphological characters, and revealed mul-
tiple species of tent-web spiders in South Africa (Franzini et al.
2013). This result was significant since the diversity of the south-
ern African species has been little explored, and only the cosmo-
politan Cyrtophora citricola was previously reported to occur in
South Africa.

Diversity and taxonomy of sea snails

Species within Oxystele, a genus of sea snail endemic to southern
Africa are abundant on our shores and an important component
of littoral biodiversity in rocky intertidal habitats. We used DNA
barcoding to delimit five molecular operational taxonomic units
(MOTUs) within the genus and distinguish Oxystele impervia from
Oxystele variegata (Van der Bank et al. 2013), revealing discrepan-

cies between MOTUs and morphology-based species identifica-
tion. In a related study, we investigated the diversity of sea snails
on Robben Island (Van der Bank and Greenfield 2015). We ex-
pected that the species composition of the island would be similar
to that of the Cape Peninsula (South Africa) as they were con-
nected approximately 10 000 years ago. However, we showed dif-
ferences in species composition, for example, the South American
bisexual mussel, which is extremely abundant and invasive on the
South African mainland, was not detected on Robben Island.

Ecological and evolutionary applications of DNA barcoding

While DNA barcoding was developed to aid species identifica-
tion, and the majority of publications applying barcode tools have
addressed species taxonomy and delineation (see Fig. 5 for studies
published by the ACDB), barcode data can also inform ecological
and evolutionary studies (Joly et al. 2013). Perhaps most obviously,
barcodes can help resolve evolutionary relationships among taxa.
Although the phylogenetic information content of barcodes is
relatively low, by combining barcodes with additional DNA mark-
ers it is possible to generate well-resolved phylogenetic trees for
species-rich groups (Joly et al. 2013). In plants, the deeper evolu-
tionary relationships among families and orders have been well
studied, using multiple markers (see APG IV 2016). It is therefore
possible to constrain phylogenetic analyses by including a well-
supported backbone topology, and then use barcode markers to
resolve fine-scale relationships within families and genera, and to
calibrate phylogenetic branch lengths to provide estimates of di-
vergence times. At the ACDB, we have used a barcode phylogeny
of the trees of southern Africa to explore a number of ecological
and evolutionary hypotheses that have provided new insights into
the history of the flora in the region.

Plant community dynamics in response to large mammal
disturbances

There is an on-going debate on the role of large herbivores in
the structuring of plant communities, and on the impacts of gen-
eralist versus specialist herbivores (Cavender-Bares et al. 2009;
Kartzinel et al. 2015). Here, using DNA barcode data, we assembled
the first complete phylogeny for all trees and shrubs of the Kruger
National Park (KNP) in South Africa (Lahaye et al. 2008), a protected
area of ~20 000 km? that encompasses the Maputo-Pondoland-
Albany biodiversity hotspot. Using this phylogeny and data from
long-term experimental plots, we explored the impact of large
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herbivores on plant community structure. We showed that the
exclusion of large herbivores results in impoverished plant spe-
cies diversity (Yessoufou et al. 2013 but see also Kalwij et al. 2010).
However, we revealed that plant community responses to herbi-
vore exclusion depend on the initial structure of the community:
communities that are initially phylogenetically over-dispersed
(comprised of distant relatives) tend to become under-dispersed
(comprised of more closely related species) after herbivore exclu-
sion, and communities that are initially under-dispersed tend to
become over-dispersed after herbivore exclusion.

Phylogenetically informed biogeographical regionalization

The extensive DNA barcoding campaign of southern African
trees conducted at the ACDB has enabled the construction of a
time-calibrated phylogeny for the region that sheds light on evo-
lutionary affinity of the biomes within it (Daru et al. 2016). This
study showed that existing biogeographic divisions in the region
represent discrete phylogenetic units, with the Fynbos biome be-
ing the most evolutionarily distinct. We were also able to identify
two additional regions, the Gariep Karoo and the Zambezian tran-
sition zone, that were phylogenetically distinct but which had
been overlooked by more traditional species-level approaches.

DNA barcoding and conservation of regional plant diversity
Using the same dated barcode phylogeny as above, we also ex-
plored the spatial distribution of different dimensions of tree
diversity across southern Africa, and evaluated the efficiency of
hotspots in capturing complementary areas of species richness
and phylogenetic diversity (Daru et al. 2015). We compared pat-
terns of species richness, phylogenetic diversity, phylogenetic en-
demism, species endemism, and evolutionary distinctiveness and
global endangerment, and revealed spatial incongruence be-
tween these different facets of diversity, with no hotspot area
shared among all diversity metrics, and almost 70% of hotspot
areas unique to a single diversity metric (Daru et al. 2015). The use
of DNA barcode data thus aids integrative conservation planning,
and allowed us to evaluate the efficacy of protected areas in con-
serving evolutionary history.

The evolutionary history of African cycads: the role of
underground stems

Cycads are a unique plant group that likely originated ~300 Ma,
and extant cycads have been regarded as living fossils. However,
recent findings suggest that extant cycads are not as old as previ-
ously thought (Nagalingum et al. 2011; Condamine et al. 2015).
Using a dated DNA barcode phylogeny, we revisited the evolutionary
diversification of Africa’s endemic cycad Encephalartos (Yessoufou
et al. 2014). Patterns of cycad diversification through time sug-
gested a mass extinction event followed by a rate shift that most
likely resulted from a rapid recolonization of emptied niches, and
correlates with the diversification of the southern Africa’s cycads
with underground stems (Yessoufou et al. 2014). This underground
stem may have been a key innovation associated with the arid envi-
ronments that prevailed during the Pliocene-Pleistocene transition
in southern Affica.

Africa’s trees go underground in response to fire

Extending our analyses of southern African trees, we used bar-
code data to explore the phylogenetic placement of “geoxyles
suffrutices”, so called underground trees, to examine the evolu-
tionary drivers of this unusual life form (Maurin et al. 2014). Phy-
logenetic analysis revealed multiple independent origins for the
geoxyle life form, and suggested that most geoxylic species arose
in the Pliocene, coincident with the diversification of cycads with
underground stems, and with the origin of cerrado woodland
savanna in Brazil (see Pennington et al. 2006; Simon et al. 2009).
Our analysis indicated that the geoxylic life form most likely
evolved in response to the effects of frequent fires where high
precipitation occurs (Maurin et al. 2014; Davies et al. 2016).
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Mammals, spiny plants and the savanna story

The origin and timing of the spread of savannas in Africa has
been much debated. One explanation for the spread of savanna is
an increase in fire frequency, promoted by the expansion of C,
grasses (Ehleringer et al. 1997). An alternative explanation is that
large mammal browsers pushed back the forest and allowed the
expansion of the savanna biome in habitats otherwise suitable for
trees. Using a dataset consisting of over 1 800 tree species across
Africa, we explored the importance of mammal browsers in open-
ing up forest in Africa, using spinescence as a marker of mammal
herbivory. We found that spinescence evolved at least 55 times but
that the diversification of spiny plants occurred long after the evolu-
tion of Afrotherian proboscideans and hyracoids (Charles-Dominique
et al. 2016). However, the diversification of spiny lineages coincides
with the appearance of antelopes (Charles-Dominique et al. 2016),
suggesting that herbivore-adapted savannas evolved in response to a
new type of mammalian “predator” and several million years before
fire-maintained savannas.

Darwin’s naturalization conundrum and invasive species in
South Africa

Of the many threats to southern Africa’s flora, alien species may
be the single most detriment (Mack et al. 2000; Richardson and
Van Wilgen 2004; Pimentel et al. 2005). Through its national inva-
sive and Toyota enviro outreach (http:/fwww.klipbokkop.co.za/
logisticalsupport/toyotaoutreach.html) programmes, the ACDB
has generated and assembled an extensive DNA barcode library
for non-native terrestrial and aquatic plants in the region. By
placing non-native trees within our DNA barcode phylogeny, we
were able to test Darwin’s Naturalization Hypothesis, which sug-
gests that “introduced species are more likely to become natural-
ized and invasive in new environments where (phylogenetically)
close relatives are absent” (Daehler 2001). We showed that non-
native plants distantly related to native plants were more likely to
become invasive, whereas non-native plants closely related to na-
tive species were more likely to establish in the region, but were
less likely to become invasive (Bezeng et al. 2015). Our use of a DNA
barcode phylogeny thus helps us move towards resolving Dar-
win’s naturalization conundrum (Diez et al. 2008).

In a separate study, we were able to demonstrate that the psbA-
trnH gene-region was a reliable DNA barcode for freshwater non-
native plant species in South Africa (Hoveka et al. 2016). We then
used our psbA-trnH barcode library to show that some prohibited
aquatic invaders are currently being sold in the local aquarium
trade (Hoveka et al. 2016), highlighting the importance of DNA
barcodes in monitoring invasive species. These results together
with current research on the influence of aquarium trade in the
spread of aquatic non-native species have important implications
for the countrywide campaign to promptly detect and rapidly
eradicate non-native species before they become problematic.

Traditional medicine and socio-economic applications

Poverty in Africa, and South Africa in particular, has favoured
the use of traditional medicine in many rural communities. With
rapid population growth, the traditional medicine industry has
expanded greatly in recent years, and plant specimens (e.g., barks,
bulbs, roots, and leaves or in some cases whole plant) are often
harvested in an unsustainable manner. This unsustainable har-
vesting of plant materials from the wild has been identified as a
leading biodiversity challenge in the 21st century (Williams et al.
2013). However, policing the collection of plant material is diffi-
cult. Once harvested, specimen identification becomes extremely
challenging as most morphological features that aid identifica-
tion are often damaged or missing (see also Hollingsworth et al.
2016). At the ACDB, we have used DNA barcoding to test the spe-
cies identity of plant materials commonly traded in South Africa’s
traditional medicine markets. In one study, Williamson et al. (2016)
sampled 45 cycad specimens from the Faraday and Warwick mar-
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kets located in Johannesburg and Durban, respectively, and found
five Encephalartos spp., which are listed in CITES Appendix I as
threatened or protected species in terms of the National Environ-
mental Management: Biodiversity Act (NEM:BA) of 2004 (NEM:BA
2004). Trade in such species is prohibited except for non-commercial
purposes (e.g., scientific research). In a similar study, Lekganyane
etal. (2015) used DNA barcoding to identify commonly traded bulb
species for sale at the Faraday traditional medicine market, and
demonstrated species identification increased from 36%, using
morphological features, to 90%.

Challenges ahead

Since 2005 the ACDB has been at the forefront of DNA barcod-
ing science in Africa. We at the ACDB have contributed over
24 000 records to BOLD and published 50 papers in international
peer reviewed journals using DNA barcoding data. However, con-
siderable challenges remain. First, Africa is a megadiverse conti-
nent, home to nine out of the world’s 34 biodiversity hotspots,
five of which are found within southern Africa (UNEP 2008). Doc-
umenting this diversity will require dedicated efforts of trained
taxonomists, yet the number of taxonomists in this scarce skills
field is steadily declining in Africa and worldwide (Hopkins and
Freckleton 2002). Training of the next generation of taxonomists
is a major long-term goal of the ACDB. Second, efforts to barcode
the flora and fauna of Africa will require new collaborations with
additional institutions and research agencies across the African
continent. To date, our collection efforts have been biased to-
wards southern Africa. Thus, a key challenge over the next few
years will be to extend the existing network of formal collabora-
tions and the training of scientists in DNA barcoding and its ap-
plications. This initiative will be showcased at the up-coming
International Barcode of Life Conference (http://dnabarcodes2017.
org), which will be hosted in South Africa in 2017.

“Metabarcoding” at the ACDB

The ACDB has extended the application of traditional DNA bar-
coding techniques over the last decade (see Fig. 5); however, there
has been an increasing awareness of the limitations of traditional
DNA barcode tools, for example, in resolving relationships among
closely related species, and in their high sensitivity to contami-
nants. Analyzing environmental samples, which often contain a
mixture of non-target species, presents additional challenges
(Kress et al. 2005; Handley 2015). These limitations may be partic-
ularly important when applying DNA barcoding techniques to
mixed samples, especially for the tracking of wildlife crime, early
detection of alien invasive species at ports of entry, and adultera-
tion of herbal medicines. Metabarcoding—a technique that al-
lows bulk DNA extraction, amplification, and high throughput
sequencing of multiple taxa—offers one exciting pathway mov-
ing forward (Hajibabaei et al. 2011). The ACDB is looking towards
leveraging this potential. In collaboration with various research
institutions, including McGill University, Canada, and Imperial
College, London, UK, current research efforts are using metabar-
coding methods to explore whether invasive species can be iden-
tified from environmental DNA present in ballast water, and to
characterize the species composition of ecological communities
through the analysis of environmental DNA in watering holes.

Summary

The global DNA barcoding campaign has grown tremendously
over the last decade, resulting in a rapid accumulation of DNA
sequence data for numerous lineages. The ACDB has been part of
this movement, contributing over 24 000 records, across plants
and animals. Work by the ACDB has contributed to a better un-
derstanding of the systematics of several problematic and eco-
nomically important groups in southern Africa. In addition, we at
the ACDB have pioneered the use of DNA barcode data in ecology
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and conservation across the African continent. Key studies have
examined the regional assembly of the southern African flora, the
drivers of plant community structure in Savanna, and patterns of
diversification and alien species invasion. Nonetheless, major
challenges need to be addressed in the future, these include train-
ing the next generation of taxonomists (a scarce skills field), ex-
tending the network of formal and informal collaborations to
research institutes and NGOs across Africa, and extending current
efforts to understudied taxonomic groups such as beetles, flies,
and disease causing organisms or pest species. New advances will
provide the potential to further extend the applications of DNA
barcode approaches. For example, novel metagenomic methods
allow for better analyses of degraded environmental samples, im-
proving the detection of adulteration in herbal medicines and
dietary supplements, and track wildlife crime. At the ACDB, we
are looking to pioneer the application of novel barcoding ap-
proaches in plants, including the sequencing of whole plastid
genome. These new data will allow us to address questions beyond
those related to taxonomy and systematics, which have tradition-
ally been core to DNA barcoding, and help establish DNA barcod-
ing as a key tool in environmental research and forensic science,
and the ACDB as a global leader in the field.
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