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Abstract: The ethnobotany genomics concept is founded
on the idea of ‘assemblage’ of biodiversity knowledge.
This includes a coming together of different ways of
knowing and valorizing species variation in a novel
approach seeking to add value to both traditional
knowledge (TK) and scientific knowledge (SK).
Ethnobotany genomics is defined as exploring the
variation in genomic sequences from many species, and
here we present some of our recent work that
demonstrates the potential benefits of this approach for
ethnobotanical research with economic implications. DNA
barcoding was used to identify Acacia and nutmeg taxa
that are economically important to society-at-large.
Furthermore we identified considerable variation that is
recognized by several indigenous cultures. The impacts
of ethnobotany genomics will extend well beyond
biodiversity science. Explorations of the genomic
properties across the expanse of life are now possible
using DNA barcoding to assemble sequence information
for a standard portion of the genome from large
assemblages of species. Perhaps the most important
contribution is major barcode projects will leave an
important legacy; a comprehensive repository of high-
quality DNA extracts that will facilitate future genomic
investigations.
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Introduction

Comprehensive sampling of genomic biodiversity is
fast becoming a reality for some genomic regions with
complete organelle genomes and broad sampling of taxa
for specific regions of a genome. Ethnobotany genomics
is defined as exploring the variation in genomic
sequences from many species, and here we present
some of our recent work that demonstrates the potential
benefits of this approach for ethnobotanical research with
economic implications. Ethnobotany genomics is
particularly central to research relating to Traditional
Knowledge (TK) and Scientific Knowledge (SK)
classification systems and our understanding of
biodiversity and patterns of evolution. Recent genomic
advances are increasing the efficiency of acquiring
genomic biodiversity, and suggest that we may be able to
document global diversity in a timely manner.

The ethnobotany genomics concept is founded on the
idea of ‘assemblage’ of biodiversity knowledge. This
includes a coming together of different ways of knowing
and valorizing species variation in a novel approach
seeking to add value to both traditional knowledge (TK)
and scientific knowledge (SK). Ethnobotany genomics
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draws on an ancient body of knowledge concerning the
variation in the biological diversity that surrounds different
cultures; combined with modern genomic tools such as
DNA barcoding it also explores the natural genetic
variation found among organism. This genomic variation
is explored along a gradient of variation found within
organisms on the landscape. The motivation for this new
approach is a quest to understand the diversity of life that
surrounds us and how we can utilize such diversity to
serve society-at-large with nutrition, medicine and more.
The problem is a taxonomic impediment to discovering
the earth’s biodiversity.

Most children are born taxonomists. Exploring,
discovering, and naming the living things in one's
environment, whether it's a backyard or a park we
naturally tend to classify the diversity that surrounds us.
Some of the first scientists, such as Aristotle, focused
intense efforts on exploring and cataloguing the living
world. At the height of global exploration from the 15th to
19th centuries, taxonomists were in great demand, as
new lands and species were discovered, many of which
had significant economic value. Notable Western
taxonomists include Ernst Haeckel, Carolus Linnaeus,
and Charles Darwin.

Today, traditional taxonomic practices are inadequate
on their own to deal with the need for accurate and
accessible taxonomic information. The perception that
taxonomy is not relevant has led to a significant drop in
the funding and training of professional taxonomists. As
taxonomist retire, there are fewer and fewer biologists
who practice traditional taxonomy; the collection,
description, naming and categorization of organisms
through intense study of their physical attributes. These
traditional taxonomists, who rely on fieldwork and
morphological study as core aspects of their taxonomic
work, appear to be slowly going extinct (Grant, 2009),
global phenomena that is reaching all corners of the
globe including India and China. Consequently, many
herbaria and museums of natural history have closed
because of substantial funding cuts for natural science
programs in general. This has led to recurring
publications predicting a crisis in taxonomy and of the
need for a rejuvenation of the field (Godfray, 2002a,
2002b; Tautz et al, 2002, 2003). The need for alpha
taxonomy (new discovery and description) is critical as
we still do not have a good answer to the simple question,
“how many species are found on the earth” (Lipscomb et
al, 2003; Wheeler et al, 2004; Will & Rubinoff, 2004;
Hebert & Gregory, 2005; Newmaster et al, 2009a). In
fact, it is surprising and disturbing that after 250 years of
modern systematic biology it is estimated that we have
named less than 10% of the species on earth
Newmaster & Ragupathy
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(Hawksworth & Kalin-Arroyo, 1995). The total number of
species on earth remains unknown with estimates
ranging from 10 million to more than 100 million (May,
1988; Hammond, 1992; Hawksworth & Kalin-Arroyo,
1995). The number of species remaining to be discovered
is well beyond the current capacity of our descriptive
taxonomists and systematists; current estimates of the
losses of biodiversity are greater than our ability to
recognise new species (Godfray, 2002a; Blaxter, 2004).
There is an urgent need to develop technology that will
expedite our ability to catalogue species (Godfray, 2002b;
Blaxter & Floyd, 2003; Godfray & Knapp, 2004;
Newmaster ef a/, 2009a). In response, many researchers
have called for an automated identification system that
will aid taxonomists in routine identifications (Gaston &
O’Neill, 2004; Wheeler et al., 2004) and alpha-taxonomic
research (Hebert & Gregory, 2005; Newmaster ef al,
2006, 2009a). Newmaster ef al (2009a) presents novel
identification technology including state-of-the-art DNA
bar coding in the development of an automated
identification system for plants. The concept is not
entirely new because the field of taxonomy, or
systematics as it is often called, has been leaning
towards the molecular end of the spectrum since genetic
technology matured in the late 1970s and 1980s. Many
modern taxonomists blend traditional methods, such as
morphological and ecological study, with modern
molecular techniques, such as DNA sequencing.

DNA barcoding is a critical technique employed in
ethnobotany genomics. DNA barcoding is a method of
species identification using specific regions of DNA
sequence data (Hebert ef a/, 2003; Ratnasingham &
Hebert, 2007). Hebert et a/ (2003) has developed
barcoding in animals, which is well documented and can
be reviewed online via the Canadian Barcode of Life
(http://www.bolnet.ca) and the Consortium for the
Barcode of Life (CBOL, http://www.barcoding.si.edu).
Although the difficulties in barcoding plants have been
debated (Chase et al.,, 2005; Kress et al., 2005; Cowan et
al., 2006; Pennisi 2007), detailed studies (Newmaster et
al., 2006b, 2008b’ 2009a; Newmaster & Ragupathy et al.,
2009a, 2009b; Kress & Erickson, 2007, 2008; Ragupathy
et al, 2009; Fazekas et al, 2008, 2009; Lahaye et al,
2008) have demonstrated the utility of barcoding as an
effective tool for plant identification. Recently DNA
barcoding has been used as a modern genomics tool for
identifying several cryptic plant species (Newmaster et
al., 2009a, 2008a, 2008b; Newmaster & Ragupathy 20009;
Ragupathy et al., 2009).

DNA barcoding addresses one of the gaps in
molecular biology. That is there are few molecular data
sets in which individuals from multiple populations from
several species within a genus are sampled. This
sampling design is largely lacking in the literature
because it falls between typical studies in plant
systematics and population genetic sampling. Plant
systematics projects sample many species each with low
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or no population-level replication; population genetic
sampling focuses is more intensive with many
populations for one or small number of species. One
study that has bridge these two research areas has
discovered that only by more extensive population
sampling can the hypothesis of species-level monophyly
be adequately tested (Funk & Omland, 2003). DNA
barcoding in plants is required in order to explore the
prevalence of non-monophyly and the very nature of
species boundaries. We expect that DNA barcoding in
plants will not only be an important identification tool, but
also provide taxonomic resolution and insight into the
diversity of plants.

Materials and methods

Ethnobotany surveys: Floristic explorations were made
within respective study areas within India, Africa,
Australia and South America (Newmaster & Ragupathy,
2009a; Newmaster et a/.,, 2008a, 2008b; Ragupathy et al.,
2009, 2008a, 2008b; Ragupathy & Newmaster, 2009).
Collections were made from April 2004- January 2009
and included all seasons in order to collect any
ephemerals or specialized phenotypes. Six collections or
“specimens” from each population were collected,
labelled with locations and collection numbers.
Corresponding field data included details of the
specimens (habit, flower colour, phenology and presence
or absence of latex) and environmental variables (habitat,
latitude, longitude, altitude, soil type and plant
associations). Multiple populations were sampled along
transects separated by 2 km in order to insure that we
were collecting distinct populations and not vegetative
colonies. This also accounted for local morphological
variants within the different ecosites. The survey used
that of earlier methodologies (Newmaster ef al., 2006a,
2007; Ragupathy et al., 2008a; Ragupathy & Newmaster,
2009) to identify local experts in traditional botanical
knowledge. Vouchers were collected and labelled for all
taxa identified. The data were gathered in a series of
structured, semi-structured and unstructured interviews,
and participatory approach regarding plant uses,
identification, and nomenclature. To elucidate cultural
domains and determine differences in knowledge or
taxonomy among aboriginals, a cross check was made
with other aboriginal respondents by using various
research protocols such as free recall lists, pile sorts, and
consensus analysis.

Plant vouchers: Plant samples were collected from the
aboriginal community and preserved for both herbaria
and DNA barcode analysis. Leaf, stem and flower parts
collected in situ were fixed in silica gel, FAA (50%
ethanol, 5% acetic acid, 10% formalin, 35% water) and
stored in 70% ethanol for morphological study ex situ.
Herbarium specimens were prepared as per Jain and
Rao’s (1977) manual and deposited in the herbarium of
Kongunadu Arts and Science College, Coimbatore. The
isotypes of new taxa and other taxonomically significant
Newmaster & Ragupathy

Indian J.Sci.Technol.



Indian Journal of Science and Technology

plant species were deposited at Madras Herbarium (MH),
Southern Circle, Botanical Survey of India, Coimbatore
and Ontario Agricultural College (OAC) Herbarium,
Biodiversity Institute of Ontario, University of Guelph,
Canada.

ldentification analysis:  Calculation of a Consensus
Factor (Fic), and pile sorting relative frequency (RF) was
used to test homogeneity of knowledge (SK & TK) in
identifying specimens, revealing cryptic taxa or limitations
of the classification without the use of molecular data.
Voucher samples collected from five collection sites were
systematically identified by the taxonomists and
aboriginal informants. The relative frequency (RF) of each
specimen from the interviews were calculated to
determine a quantitative value for choosing a plant name
(latin binomial or aboriginal ethno-taxon) from the pool of
collected vouchers and placing it in a species concept
(Newmaster et al, 2006a, 2007). RF is the simple
calculation of the percentage of specimens associated
with a taxon when taxonomists or aboriginal informants
are presented with a pool of vouchers and asked to
perform “pile sorting”. Trotter and Logan (1986) provide
the calculation of a Consensus Factor [Fic=Nur-Nt/(Nur-
1)], which is adopted to evaluate the degree of partition
into categories (Heinrich, 2000). We have adopted this to
include ‘aboriginal utility’ by the aboriginal informants
(Ragupathy et a/, 2008a, 2009; Ragupathy &
Newmaster, 2009), where Nur is the number of use-
reports of informants for particular category (TK plant
use) factor, where a use-report is a single record for use
of a plant mentioned by an individual, and Nt refers to the
number of species used for that particular category for all
informants (Ragupathy et a/., 2008a).

DNA barcoding. Three DNA regions (rbcl, matK and #rnL-
F) were selected based on the previous plant barcoding
studies (Newmaster et al., 2006b, 2008b; Fazekas ef a/,
2009, 2008; Ragupathy et a/, 2009). We isolated total
genomic DNA from approximately 10 mg of dried leaf
material from each sample using the kit, NucleoSpin® 96
Plant II (MACHEREY-NAGEL). Extracted DNA was
stored in sterile microcentifuge tubes at -20°C. The
selected loci were amplified by PCR (see primers in
Table 1) on a PTC-100 thermocycler (Bio-Rad). DNA was
amplified in 20 pl reaction mixtures containing 1 U
AmpliTaqg Gold Polymerase with GeneAmp 106PCR
Buffer 11 (100 mM Tris-HCI pH 8.3, 500 mM KCI) and 2.5
mM MgCI2 (Applied Biosystems, Foster City, CA), 0.2
mM dNTPs, 0.1 mM of each primer (0.5 mM for matK),
and 20 ng template DNA. Amplified products were
sequenced in both directions with the primers used for
amplification, following the protocols of the University of
Guelph Genomics facility. Products from each specimen
were cleaned using Sephadex columns and run on an
ABI 3730 sequencer (Applied Biosystems, Foster City,
CA). Bidirectional sequence reads were obtained for all
the PCR products. Sequences were assembled using
Sequencher 4.5 (Gene Codes Corp, Ann Arbor, MI), and
Research article (Rapid publication)
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aligned manually using Bioedit version 7.0.9. The
sequences were used in combination with the
morphometric analysis to produce classification trees.
Morphometric  data collection  and  analyses:
Morphological data variables were recorded for all
specimen collections. A matrix of specimens and
morphological characters were used in a multivariate
phenetic analysis. Canonical ordination was used to
detect groups of specimens and to estimate the
contribution of each variable to the analysis. A cluster
analysis was used to classify the specimens because it is
better at representing distances among similar specimens
(Sneath & Sokal, 1973). Cluster analysis was carried out
using NTSYS (Rohlf, 2000). A distance matrix was
generated from the specimens and characters using an
arithmetic average (UPGMA) clustering algorithm and
standardized data based on average taxonomic distance
subjected to the unweighted pair-group method. The
resulting distance matrix from the cluster analysis used in
combination with the sequence data above to produce
classification trees.

Results and discussion

Acacia ethnobotany genomics

The genus Acacia is an economically important
species that comprises approximately 1350 species of
which there are many cryptic sister species with
pantropical distributions (Maslin et al, 2003). Acacia
species are well adapted to dry forest conditions (Ross,
1981) and have great utility in the forest industry; timber,
fuel wood, fibre, medicine, food, handicrafts, domestic
utensils, environmental amelioration, soil fertility, shade,
game refuge, livestock fodder, ornamental planning, gum,
and tannins (Wickens et al, 1995; Ragupathy et al,
1997; McDonald et a/,, 2001; Midgley & Turnbull, 2003).
However, there exists a taxonomic impediment because
many Acacia species are quite difficult to differentiate
using morphological characters (Bentham, 1842; Wardill
et al, 2005). ldentification is important in order to
distinguish invasive weedy species (Kriticos ef al., 2003)
from rare species (Byrne et al, 2001) or those of
economic importance (Midgley & Turnbull, 2003).

DNA barcoding may be used to identify Acacia taxa
that are important to society-at-large. Prickly acacia (A.
nilotica subsp. indica) is a highly invasive weed in
northern Australia. It is thought to have been introduced
to Australia from India but the current distribution is not
known and our samples indicate it is quite variable
throughout India. This variability may include potential
new species, which could be invasive weeds or new food
and medicine. The aboriginal cultures recognize several
ethnotaxa of this species, which they use as timber, tools,
furniture, fodder for sheep and goats and personal
hygiene; the young braches used as tooth brush by doing
this infected teeth gums get cured properly. A similar
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ethnotaxa (Acacia leucophloea) is extensively used for
making illicit liquor.

Given the important economic value of acacias, it
would be very useful to have a reliable identification tool
that can differentiate Acacia species using only the
leaves. Our classification tree from DNA barcoding
sequence data (rbcl, matK and trnH-psbA) clearly
resolved 12 Acacia species and identified considerable
intraspecific variation (Fig. 1). In our study we chose
sister species of Acacia that are difficult to tell apart. The
defining characters of many acacias are found in the
small flowers that appear during short periods of time
during the year. Vegetation characters are more variable
and less reliable for identification. In our study, we
revealed the misidentification of 10 herbarium specimens
were those that only had vegetative characters,
underscoring the difficulty of identifying these species.
Other studies have utilized DNA to classify previously
undetermined specimens due to lack of available
morphological characters and as a classification tool
where specimens have proven difficult to classify (Wardill
et al, 2005). Many of these studies use fragments of
DNA from various regions such as /757 and #mnL, which
are useful for subspecies identification (Brenan, 1983;
Fagg & Greaves, 1990). Wardill et a/. (2005) created an
/TS7 genotype library that was used as an identification
tool to be matched exactly to genotypes of other
herbarium specimens identified by taxonomists. Although
this /7S7 genotype library is a useful tool for acacias, this
is not a good region for DNA barcoding because it is not
possible to sequence this region for many different
groups of plants (Erickson et a/., 2008).

Our research confirmed a recent taxonomic split in
the genus Acacia. In the classification DNA barcode
using rbcl, matK or trnH-psbA can distinguish the new
genus Vachellia species from that of the Acacia species
(Fig. 1). Variation in rbc/ alone could be used to
differentiate Vachellia species from that of the Acacia
species. These results are also supported by previous
phenetic analysis in our lab (Newmaster et a/, 2009b).
These results are supported by other phylogenetic
studies in which Vachellia species are placed in a
separate clade (100% bootstrap support); all species
other than those of Vachellia are placed in a different
clade (66% bootstrap support), indicating that Vachellia is
relatively distantly related to other members of Acacia s.l.
(Luckow et al., 2003; Miller et al., 2003; Seigler et al.,
2006). Vachellia (Acacieae, Acacia subg. Acacia) was
actually recognized as a distinct genus from the ‘true’
Acacia early in the taxonomic Acacia literature (Wight &
Arnott, 1834; Bentham, 1840). Our barcoding results
support the earlier classification that recognizes
Vachellia, which is the earliest legitimate generic name
for species currently ascribed to Acacia subg. Acacia.
This supports a growing body of morphological and
genetic differences separating the subgenera of Acacia
s.l. and molecular evidence that the genus Acacia s.l. is
Research article (Rapid publication)
©Indian Society for Education and Environment (iSee)

“Barcoding the medicinal plants”
http://www.indjst.org

Vol.2 No 5 (May 2009) ISSN: 0974- 6846

T

20 40 60 80 100

V arabica

V. farnesi

——--"°" V. nilotica,

A. saligna

A. longifolia

and Vachellia species (dotted grey boxes outlines intraspecific variation recognized as ethnotaxa).

A. melanoxylon

Fig. 1. Classification tree from DNA barcoding sequence data (rbcl, matK and trnH-psbA) of 6 Acacia

polyphyletic, which has prompted new generic
combinations (Miller & Bayer, 2001; Maslin et al., 2003;
Miller et al, 2003; Seigler et al, 2006; Newmaster &
Ragupathy, 2009a). In current scenario, the majority of
the Australian taxa would remain as Acacia Mill. with a
significant number of name changes to Senegalia (203
spp.) and Vachellia Wight & Arn. (161 spp.) in Asia,
Africa, Australia and in the Americas (Maslin et a/., 2003).
The result of this reclassification will clarify the taxonomy
of many economically important species.

Nutmeg ethnobotany genomics

The Myristicaceae, or nutmeg family, is an older group
within the angiosperms that contains recently evolved
species. The nutmeg family is comprised of “500 species
of canopy to subcanopy trees native to tropical rainforest
environments (Smith, 1937; Janovec & Harrison, 2002).
Nutmeg, Myristica fragrans Houtt. (Myristicaceae), is a
coomon member of the nutmeg family that is endemic to
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the Maluku Province of Indonesia (formerly known as the
Spice Islands). It has long been of importance both as a
spice and as a commodity that was once of geopolitical
significance. Historical and current indigenous uses of the
fruit and seed are described in some detail by Van Gils
and Cox (1994). Although the botany, cultivation, and
history of Myristica fragrans have been studied,
ethnobotanical studies of other species nutmeg are
noticeably lacking. For example, members of the genus
Virola and Compsoneura are harvested extensively in
many South American countries as a source of wood for
veneer and timber. In some Neotropical countries,
exports of Virola sp. are rivalled in economic importance
only by big-leaf mahogany (Rodan et a/,, 1992; Macedo &
Anderson, 1993). Viro/la and Compsoneura are species
with  considerable intraspecific genomic variation
(Newmaster et al., 2008b).

Identification of these economically important species
are difficult. Many nutmeg species share similar leaf
morphologies, identification of species relies heavily upon
characteristics of the small flowers (1-4 mm) that are only
present on adult trees for a few weeks every year. The
genus Compsoneura, is an ideal group for testing
barcoding in plants as they present a taxonomic
impediment and the family has been found to have low
levels of molecular variation compared to other closely
related families (Sauquet ef al/, 2003). Compsoneura
contains some recently described taxa (Janovec & Neill,
2002) and a new species split (Janovec & Harrison,
2002). A recent ethnobotany genomic study (Newmaster
et al, 2008b) investigated the utility of six coding
(Universal Plastid Amplicon — UPA, rpoB, rpoci, accD,
rbcl, matK) and one noncoding (#rnH-psbA) chloroplast
loci for barcoding in the genus Compsoneura using both
single region and multiregion approaches. Five of the
regions we tested were predominantly invariant across
species (UPA, noB, rpoC1, accD, rbc). Two of the
regions (matK and trnH-psbA) had significant variation
and show promise for barcoding in nutmegs. This study
demonstrated that a two-gene approach utilizing a
moderately variable region (matk) and a more variable
region (#nH-psbA) provides resolution among all the
Compsonuera species sampled including the recently
evolved C. sprucei and C. mexicana. A classification
analyses based on nonmetric multidimensional scaling
ordination, concluded that the use of two regions results
in a decreased range of intraspecific variation relative to
the distribution of interspecific divergence with 95% of the
samples correctly identified in a sequence identification
analysis.

Further research presented here (Fig. 2) revealed
cryptic diversity within the current species concepts,
which has been recognized by various aboriginal
cultures. The classification tree from recent DNA
barcoding sequence data (rbcl, matK and trmH-psbA)
reveals considerable intraspecific variation (Fig. 2).
Further sampling is needed to determine whether they
Research article (Rapid publication)
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Fig. 2. Classification tree from DNA barcoding sequence data (rbcl, matK and

warrant new species designations. As with all new
species discoveries, this would have to be validated by
the taxonomic evidence including morphology and
potentially additional molecular data. What will need to be
investigated is the consistency of characters used for a
barcode and whether these characters hold true with
increasing sample size. We are conducting further
investigations concerning the interpretation of this
variation by different aboriginal cultures. This barcoding
study on nutmegs corroborates the recent description of
C. mexicana, and supports the generic split into sections
Hadrocarpa and Compsoneura, which was suggested
previously based on a suite of morphological character
evidence (Janovec & Harrison, 2002). Our research was
limited to Central and South America and to our
Newmaster & Ragupathy
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knowledge, there are no published comprehensive
studies that test the ability of plant barcodes to
discriminate multiple populations of sister species that
span several contents such as a pantropical distribution.

Conclusion

Ethnobotany genomics employs DNA barcoding for
routine and reliable identifications that is becoming an
automated process. Modern automated identification
technology (AIT), such as DNA barcoding, may provide a
quick, repeatable and reliable tool for identifying
ethnotaxa and variation in cryptic species. Recent
development of an AIT system for plants indicates that
the efficacy of an AIT system equates with savings in time
and resources, while providing quick, reliable
identifications (Newmaster et al, 2009a). We are
currently using DNA barcoding to discriminate the cryptic
ethno-taxa for 7rpogon (Newmaster et al, 2008a;
Ragupathy et al., 2009) and Biophytum (Newmaster et
al., 2009b) within regional floras. We propose that a DNA
barcode may be a quick and reliable tool to identify
ethnotaxa, which will further legitimize the validity of TK,
rendering it testable and ultimately generalisable, mobile
and globally meaningful.

The impacts of ethnobotany genomics will extend
well beyond biodiversity science. Explorations of the
genomic properties across the expanse of life are now
possible using DNA barcoding to assemble sequence
information for a standard portion of the genome from
large assemblages of species. This is in contrast to the
usual focus of large-scale genomics projects which
acquire sequence information for all genes in single taxa.
The barcode region is a genomic sentinel in which
nucleotide composition of the plant barcode region
closely mirror those in the rest of the genome. As our
library of species expands we will be able to flag species
whose genomes show unusual nucleotide composition,
allowing them to be probed in more detail. Shifts in
sequence composition may also reveal idiosyncratic rates
of sequence and amino acid change. Perhaps the most
important contribution is major barcode projects will leave
an important legacy; a comprehensive repository of high-
quality DNA extracts that will facilitate future genomic
investigations.
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