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The ApplicATion of DnA meThoDs To Timber TrAcking 
AnD origin VerificATion

Andrew J. lowe1, 2, 3 and hugh b. cross1, 2

SummAry

molecular marker methods can be used at a variety of levels to identify 
wood, from species identification, through regional and concession 
source verification, down to tracking individual logs. This short review 
describes the most appropriate molecular marker methods currently be-
ing applied or developed for: species identification (DNA barcoding), 
verification of source, either at the regional scale (through phylogeo-
graphic methods) or concession (population genetic assignment), and for 
tracking individual logs or wood products (DNA fingerprinting). This 
review finds that for almost all applications, molecular marker methods 
offer tremendous promise for use in timber tracking at all levels and can 
be easily automated offering quick, cheap and high-volume processing 
and with an expressed statistical certainty of results. However, despite 
the promise of molecular marker methods, some problems remain, most 
notably in identifying variation at gene loci that distinguish between the 
scale of biological organization of interest (from species to individuals), 
and appropriate DNA extraction methods for dried wood and old tissue 
sources, and recent advances in these areas are reviewed.

Key words: Certification, DNA fingerprinting, phylogeography, popula-
tion assignment, timber, traceability.

INTroDuCTIoN

Molecular genetic methods can be used at a variety of levels to identify wood, from 
species identification, through region and concession source verification, down to 
tracking individual logs or timber products (see Fig. 1). In many cases, these molecular 
genetic methods can be used in conjunction with or instead of non-genetic methods. 
Importantly, these methods can be applied at the point of consumer country importation, 
and can be used to overrule questionable certification documentation that may have 
been introduced along the supply chain. In addition, with the advancement of genetic 
technologies, large-scale screening of DNA sequence variation can be done cheaply, 
routinely, quickly and with a statistical certainty that can be used in a court of law.
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2) State Herbarium of South Australia, Science resource Centre, Department of Environment and 
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 This short review describes the most appropriate genetic methods to be used for 
species identification (DNA barcoding), verification of source, both at the regional 
(phylogeography) and concession scales (population genetic assignment), and for 
tracking individual logs or timber products (DNA fingerprinting). Some of these topics 
have been previously covered in a conference proceedings report (phylogeography and 
DNA extraction; Lowe 2008), but these sections have been updated in this review and 
new sections on DNA barcoding and DNA fingerprinting have been included. All the 
reviewed methods can be applied in conjunction with non-genetic methods in current 
use or are being developed (e.g. wood anatomy, spectroscopic methods, stable isotope, 
and log marking to track chain of custody, Fig. 2). However, despite the promise of 
genetic methods, some problems, most notably being able to identify genetic variation 
at an appropriate scale and the ability to extract DNA from dried wood and old tissue 
sources, remain, and a final section discusses advances in this area.

Species identification and DNA barcoding
 The advent of DNA barcoding offers much potential for timber tracking and ge-
netic identification of tree species. DNA barcoding is a global initiative designed to 
standardise genetic species identification through the analysis of short DNA sequences 
(Hebert et al. 2003). DNA-based identification has been used for a long time to identify 
and distinguish between closely related species, or for large-scale ecology and conser-

Figure 1. Diagram illustrating the different molecular techniques and the organismal scale at 
which they are appropriately applied. From DNA fingerprinting to distinguish individuals of a 
population, population genetics to distinguish individuals from different populations, phylo-
geography to distinguish individuals from different biogeographic regions, and DNA barcoding 
to distinguish individuals of different species.

 Region 1  Region 2 
 Population 1 Population 2 Population 3B

iogeographic barrier

 Distinguish individuals
 within a population
	 –	DNA	fingerprinting

  Distinguish individuals from  Distinguish between species
  different populations within a  – DNA barcoding
  region – population genetics
   Distinguish individuals from
   different regions – phylogeography
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vation projects. However, there has not been an organised effort to coordinate these 
projects across regions or within a taxonomic group, thus comparing between studies 
that use very different approaches has been difficult. DNA barcoding, as facilitated by 
the Consortium for the Barcode of Life and the International Barcode of Life Project 
(iBoL), resolves this problem with the goal of having a universal standard molecular 
marker to identify all species around the world, as well as a central database that com-
bines complete specimen information with DNA sequence data (Janzen 2004; Hebert 
& Gregory 2005). The realisation of this objective would be of enormous benefit to 
timber tracking projects, which cover many species across large geographic regions.
 These initiatives have begun to yield results, as funding has been obtained for tar-
geted projects from both national and international agencies, and various scientific and 
government groups have begun to build active research networks. From these initial 
projects, DNA barcoding is rapidly developing a large repository of information that 
includes collection and taxonomic information, as well as DNA sequence data. The 
central online hub of all DNA barcoding projects is the Barcode of Life Database 
(BoLD), which is maintained by iBoL and has the potential to be an excellent tool for 
species identification. New species are continually being added to the database. The 
BoLD data are linked electronically to the main online DNA sequence databases (e.g. 
Genbank); however, BoLD has the advantage in that every sequence is linked to a 
verified voucher specimen with all associated metadata. The drawback is that BoLD’s 
emphasis on quality, accuracy and completeness of data for each species implies that 
for some groups it will take several years to have DNA barcodes for every species.

Figure 2. Scale of resolution of different molecular genetic and non-DNA techniques from species 
identification, through regional and population provenancing to individual log tracking
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 Compounding the difficulty of establishing an international reference standard for all 
timber species is that finding a standard marker that will work across all higher plants is 
a non-trivial task. This has proven the biggest challenge for advancing DNA barcoding 
for plants. The marker chosen as the standard for animal taxa, the mitochondrial cyto-
chrome oxidase (CoI) gene region, while ideal for distinguishing among most animal 
species, was found to be almost invariable in plants. No single locus appears to work 
well across all plant groups. Several plant molecular markers have been trialled (see, for 
example, Kress et al. 2007; Plant Working Group 2009), and finally a combination of 
two chloroplast loci, maturase K (matK) and ribulose-bisphosphate carboxylase (rbcL) 
genes, were found to give the greatest coverage for most major groups of plants (Plant 
Working Group 2009). Although only about 70% of species could be distinguished 
using these two loci, additional chloroplast genes did not greatly increase the resolution 
(but see Fazekas et al. 2008).
 Though there is still debate in the plant research community as to the best approach, 
the two loci matK and rbcL were chosen as the official plant DNA barcode standards 
(Plant Working Group 2009). This decision was not the final word, but rather the starting 
point (a baseline standard) from which additional markers will be developed to fill in 
the taxonomic gaps in resolution. Because the plant kingdom is so vast, it will likely 
be necessary to have additional DNA barcoding loci for specific groups in which the 
standard markers do not work; these supplemental markers (termed ‘local barcodes’) 
would provide the missing resolution within particular groups of plants. recently a 
series of local barcodes were trialled to differentiate different species of Swietenia 
from Central America, where the standard barcoding loci demonstrated no difference 
between the different species (muellner et al. 2011).
 Though these challenges appear to be immense, with adoptions of new advances 
in molecular biology, such as Next Generation Sequencing, the discovery and selec-
tion of new loci and the rapid genetic determination of species should progress at an 
increasing rate in the future.

Despite these great leaps in molecular technology, the biological reality is that species 
boundaries–particularly in plants–can be blurred. often a single species will exhibit 
pronounced morphological variation, and though DNA barcoding markers can help to 
resolve questions of whether there are one or several species across a range of pheno-
types, these loci will not resolve all taxonomic issues in difficult groups. However, from 
the perspective of managing economic species, identifying taxa based on the barcode 
identification number of BoLD will provide a more precise genetic reference (and 
thus a more powerful tool) to identify the species of interest correctly and distinguish 
them from close relatives.
 DNA barcoding also has the potential to provide identification for economic species 
quickly and cheaply. one of the central challenges of managing timber species is that 
they are moved around the globe, often far from their centre of origin, and thus far 
from the local taxonomist and other experts who are familiar with the species. It can 
therefore be quite time consuming and expensive to identify foreign species properly, 
and with certainty. With a (largely) precise genetic reference standard that crosses po-
litical and geographic boundaries, the identification and management of valuable forest 
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products will be easier and more cost effective. We expect that once genetic methods 
are standardised, a local lab with basic preparation and training could produce a genetic 
identification in a few days time for less than one hundred uS dollars per specimen. 
 DNA barcoding has the potential to provide a universal standard to identify positively 
all specimens of a timber species, no matter how far the timber is carried or if taxonomic 
discrepancies still persist. Initial research into identification of invasive species shows 
the DNA barcoding approach to be working well, and provides a context for timber 
species that will also require identification outside their native range. Armstrong and 
Ball (2005) compared different genetic methods for invasive species identification of 
insects, and found that using DNA barcoding worked better than other approaches, 
whether they were based on DNA sequence comparison or other molecular methods. 
In their study, Armstrong and Ball (2005) used DNA barcodes to identify species across 
regions, but they also identified previously undescribed taxa that could be then placed in 
a phylogenetic context. This is not unusual, as genetic methods often reveal that there 
are more species in a group than the morphology suggests; this is especially the case 
for speciose groups, like insects, but can occur in plants as well. Scheffer et al. (2006) 
make the point that without complete datasets the number of species present could be 
overestimated or underestimated. However, as these gaps in data are filled, this will 
become less of an issue (Scheffer et al. 2006). The application of DNA barcoding to 
timber tracking does not resolve all problems inherent in any genetic identification 
process; however, it does contribute an international network and database system that 
sets a foundation for all future efforts.

Regional provenance, country assignment and phylogeography
 For many high value woods, once species identification has been confirmed, it is 
desirable to determine if the wood has come from a legal source. For some species 
protected under CITES, country of harvest is critical to determining the legality of the 
timber. The verification of such sources using molecular genetic methods first requires 
that genetic structure is present within the species and across regions or populations. 
Genetic structure is commonly established within natural populations of species due 
to a combination of evolutionary forces, including mutation, drift, gene flow and se-
lection (Lowe et al. 2004a). Genetic variation can be structured at a continental scale 
due to geological events or climatic gradients, at population scales due to gene flow 
limitations and genetic drift, and at individual levels within populations due to mating 
systems, seed dispersal syndromes and selection gradients. These drivers will produce 
genetic discontinuities that can be identified using appropriate molecular markers.
 As identified in Lowe (2008), many phylogeographic studies (genetic structure that  
is interpretable phylogenetically) have highlighted significant spatial genetic structure in 
a range of temperate and tropical trees (Table 1). The scale of structure can vary widely, 
depending on marker, sampling and the life history characteristics of the species, but 
commonly regional differences are highlightable by phylogeographic analysis, and can 
even extend down to smaller spatial scales and down to individual populations. How- 
ever, it is also possible that for species exhibiting abundant and long distance gene flow 
or that have recently colonized large geographic areas, the levels of geographic structur-
ing of genetic variation can be low. Despite these potential limitations for some species, 
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phylogeographic analysis is a productive area of research and there are many studies of 
regional-scale genetic structure of high value timber species underway. For example, 
the subject of one Eu-funded project, SEEDSourCE, has produced rangewide phy-
logeographic analyses for 16 neotropical tree species, including Bertholletia excelsa, 
Swietenia macrophylla, Cedrela odorata, Bombacopsis quinata, Carapa guianensis, 
Cordia alliodora, Hymenaea coubaril, Jacaranda copaia, Minquartia guianensis, 
Ochroma pyramidale, Schizolobium parahyba, Simarouba amara, Socratea exorrhiza, 
Symphonia globulifera, Virola sebifera, and Vochysia ferruginea.
 Statistical methods to match contentious samples against a range of possible sources 
have also recently advanced (e.g. Deguilloux et al. 2003a). Where fixed differences 
occur between populations or regions, then a simple genotype matching approach can 
be used. For example, to test whether local or translocated sources were used to estab-
lish British oak plantations, this material was compared to the background genotype 
of autochthonous oak populations (Deguilloux et al. 2003a; Cottrell et al. 2004; Lowe 
et al. 2004b). However where frequency differences occur between populations then 
assignment methods can be used to distinguish the most likely source (e.g. Deguilloux 
et al. 2003a).

Table 1. Example studies of broad-scale phylogeographic or genetic differentiation within 
tropical trees, where genetic structure may be used to verify the timber source. 
Abbreviations: SSrs = simple sequence repeats; rAPD = randomly amplified polymorphic DNA;  
AFLP = amplified fragment length polymorphism; cp = chloroplast; rFLP = restriction frag-
ment length polymorphism; ITS = internal transcribed space (part of ribosomal DNA); CAPS =  
cleaved amplified polymorphic sequences.

 Species – Geographic range Molecular marker references

 Swietenia macrophylla – Central America,  rAPD, nuclear SSrs,  Gillies et al. 1999, 
    southern Brazil    cpSSrs Novick et al. 2003, 
   Lemes et al. 2003, 2010

 Cedrela odorata  – Central America cpDNA rFLP, AFLP Cavers et al. 2003, 2004
    (Costa rica)

 Ceiba pentrandra – Neotropics and Africa cpDNA and ITS sequencing Dick et al. 2007 

 Vouacapoua americana – French Guyana cpDNA rFLP Dutech et al. 2000, 2003 
    and Amazon Basin  2004

 Carapa guianensis – Amazon basin cpDNA rFLP Cloutier et al. 2005

 Pterocarpus officinalis – Caribbean Basin AFLP rivera-ocasio et al. 2002

 Vochysia ferruginea – Costa rica cpDNA rFLP and AFLP Cavers et al. 2005 

 Lonchocarpus costariensis – Guanacaste,  cpDNA rFLP and AFLP Navarro et al. 2005
    Costa rica

 Irvingia wombulu / I. gabonensis – Nigeria,  rAPD and nuclear CAPS Lowe et al. 2000, 2010a 
    Cameroon and Gabon 

 Aucoumea klaineana – Gabon cpDNA rFLP Muloko-Ntoutoume et al.  
   2000
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Population and concession-scale provenancing using population genetics
 Variation at hypervariable regions of the genome, typically microsatellites (and 
sometimes referred to as simple sequence repeats or SSrs), can be used to highlight 
significant genetic differences between populations of a species or logging conces-
sions. A group of statistical tests, known as assignment tests, can be used to statisti-
cally differentiate between individuals of a population or region (e.g. Pritchard et al. 
2000). In a nice example of the power of such tests, an angler was disqualified from a 
fishing competition when assignment tests on the fish caught demonstrated that it was 
statistically much more likely that the fish came from another river system rather than 
the one being fished (Primmer et al. 2000). The use of such techniques in this context 
therefore sets a useful precedent for legal cases. In terms of verifying the source of 
origin of timber, it is an easier statistical test to show that a particular individual does not 
come from a contested location rather than actually locate the potential source because 
the latter case needs an extensive map of genetic profiles to be constructed across the 
range of the species. However, as for phylogeographic variation, certain species that 
exhibit broad gene dispersal capabilities may show little genetic differentiation across 
scales of hundreds of kilometers and therefore would be difficult to track unless a large 
number (e.g. hundreds) of independent genetic loci are used.

Individual tracking and DNA fingerprinting
 Certification methods can help distinguish legal from illegal wood and thus create 
the basis with which to fight illegal logging – one of the main causes of deforestation 
(Zahnen 2008). recently DNA fingerprinting has been used to track timber logs along 
a supply chain from concession to mill in Indonesia. Such a method, which uses the 
DNA present in the wood, is not open to falsification along the supply chain, in the 
same way that paper labeling or tracking is.
 In a study of merbau, Intsia palembanica, a high-value timber species from southeast 
Asia, samples were taken from 2627 logs harvested from a target logging concession 
(Lowe et al. 2010b). These logs were delivered to a sawmill in Java, Indonesia and 
wood samples were taken from a total of 741 logs at the sawmill. It is this stage in the 
supply chain, between the concession and mill, which is most prone to the substitution 
of illegally harvested timber and falsification of documents certifying origin is rampant. 
The development of a DNA-based (and thus tamper-proof) method for log identification 
will be a significant improvement over/complement to paper-based methods to trace 
logs back to a legal or sustainable source (Degen & Fladung 2008; Zahnen 2008).
 For a random sample of 32 pairs of samples (wood from the log collected at the 
logging concession and samples from the same putative log collected at the saw mill), 
a unique genetic fingerprint was generated using 14 microsatellite markers. overall, the 
ability to extract DNA and amplify a PCr product from logs decreases slightly between 
forest concession (59.2%) and sawmill (41.9%) samples. Enough samples worked 
across the 14 microsatellite markers to provide an exact genotype match between forest 
and sawmill samples for 27 out of 32 random paired log samples. of the five samples 
where this test was not possible, for four the sawmill sample failed to amplify and for 
one, non-overlapping loci were amplified between forest and sawmill samples.
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 This DNA tracking methodology is actively being applied in the forestry industry to 
check for illegal substitutions along supply chains, and complements paper certifica-
tion methods and DNA source identification methods based on genetic structure (e.g. 
Deguilloux et al. 2003a; Lowe et al. 2004a; Lowe 2008; Lemes et al. 2010).

DNA extraction methods
 Extraction of high quality DNA from fresh plant leaf and bud tissue has become 
routine, rapid, and generally no longer requires toxic chemicals, such as phenol and 
beta-mercaptoethanol. The plant DNA extraction process can now be semi- or com-
pletely automated with robotic workstations and specialised extraction ‘kits’ (e.g. 
from Qiagen, or other manufacturers). DNA extracted from freshly harvested wood, 
particularly if cambium tissue is incorporated, can yield high quality DNA, which can 
be comparable to leaf sources (Colpaert et al. 2005). However, extraction of DNA from 
dried wood is more problematic, with lower yields farther from the cambium, and this 
review provides an update to the field since the description by Lowe (2008).
 overall, the challenges with using dried wood for genetic work are twofold: both 
the quantity and quality of the DNA are low. The number of cells in wood that can be 
expected to contain DNA is low compared to leaves or buds, thus the quantity of DNA 
is low. DNA degradation in plants is characterized by lengthwise fractures, with the 
result that only smaller fragments can be amplified and sequenced, and DNA in wood 
is typically degraded. Some of the standard extraction kits available are not designed 
to recover these small fragments, and thus these methods often will not work for ex-
tremely degraded tissues.

other aspects of wood anatomy will affect the quality of the DNA that is isolated from 
wood. In addition to the difficulties posed by macromolecules like lignin and cellulose, 
there are a wide-range of co-extracted compounds that can also inhibit the polymerase 
chain reaction (PCr) and other laboratory analyses. In one study, wood DNA extracts 
added to a PCr reaction with fresh leaf DNA showed significant inhibitory effects, 
which decreased with increasing dilution of the wood DNA sample (rachmayanti et 
al. 2009). These experiments showed that the wood DNA inhibitory effects were worse 
in the outer sapwood and not as bad in the inner heartwood.
 A range of approaches have improved the success rate for DNA extraction from 
wood and limited the effects of inhibitors, including the addition of chemicals to im-
prove harvest quality, e.g. Proteinase K, Chelex®100, and Polyvinylpyrrolidone (PVP). 
Several additives can also be incorporated at the PCr step to improve amplification 
in the presence of some potentially inhibiting contaminants, including bovine serum 
albumin (BSA), Betaine, Dimethyl sulfoxide (DMSo), and using the Stoffel Fragment 
(Speirs et al. 2009). However, there does not seem to be any agreement as to the best 
approach, and results seem to vary widely. one factor may be that some woods are more 
amenable to DNA extraction than others. In one comparative study, Asif and Cannon 
(2005) tried three common extraction methods, including the Qiagen kit, and found 
that the only successful method employed the reagent N-phenacylthiazolium bromide 
(PTB), which has been used in studies of ancient DNA (e.g. Poinar et al. 1998). This 
chemical cleaves protein cross-links that enmesh the DNA with the protein.
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 other studies have shown a great deal more success with extraction of DNA from 
tropical woody species. rachmayanti et al. (2006, 2009) employed a modified Qiagen 
DNA extraction method to extract DNA from the sapwood of mostly tropical trees in 
the Dipterocarpaceae, but also included temperate species in their study. The rate of 
success from this study (as measured by a valid PCr product and DNA sequence) ranged 
from 50% to 90%, depending on the species and the size of the fragment amplified. 
In general, smaller-size markers amplified much easier than longer ones, and success 
was higher for non-tropical trees than for tropical species. 
 For dry wood, most work has been done on oak timber, due to the interest in track-
ing timber involved in the wine industry (Dumolin-Lapègue et al. 1999; Deguilloux et 
al. 2002; Deguilloux et al. 2003a, 2003b). using contamination-exclusion techniques 
developed to work on ancient sources (Gugerli et al. 2005), it has been possible to 
amplify DNA fragments of up to 500 bp from timber that is up to 3600 years old. These 
studies show that it is best to treat DNA in wood of any age as in effect ancient DNA. 
Therefore, if DNA analysis is undertaken in specifically designed laboratories, where 
contamination issues are minimised and a traceable process is implemented (Gugerli 
et al. 2005), there is no reason why DNA analysis from a timber source should not 
become standardised and automated.

There is still work to be done on how far down the timber treatment process (fresh 
wood, field-dried wood, sawn timber, kiln dried, or other processing) DNA can be  
easily extracted before ancient DNA routines need to be employed. In addition we 
expect differences in DNA extractability between different taxonomic groups and even 
biomes. There is also some evidence that temperate species may be easier to work with 
than tropical species but this is not yet conclusive (Deguilloux et al. 2002; rachma-
yanti et al. 2006) and needs more research.

Outlook
 The fruition of methodologies in each of the areas of DNA barcoding, phylogeo-
graphic analysis, population assignment, individual fingerprinting (Fig. 1), and DNA 
extraction offers exciting possibilities for using DNA to identify wood. These advance-
ments, and the development of a library of genetic reference profiles for sources that 
are sustainably and/or ethically managed, provides a powerful new suite of methods 
to customers wishing to express ethical choice in a market currently fraught with un-
certain alternatives. However, at each of these organismal scales genetic differences 
between species, region, populations and individuals must be identified and developed 
into standardized procedures, which in some cases still require considerable develop-
ment.
 Molecular genetic methods are now ready to supplement (anatomy, isotopes) or 
replace (log marking) non-genetic methods and in some cases provide a test for which 
no other independent scientific technique can verify (e.g. population/concession source 
and individual log tracking). Indeed, molecular genetic methods can be applied across 
the breadth of organismal scales (species to individual, Fig. 2), whereas non-DNA 
methods leave gaps in the resolution spectrum. For example, it is rare for wood anatomy 
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to be able to resolve down to the species level (Wheeler & Baas 1998;, Gasson 2011), 
although analytical chemistry may be employed to identify particular target species. 
Isotope analysis cannot distinguish between species or over fine geographic scale (i.e. 
between populations) but are very suitable for region or country provenancing. Timber 
log marking can only be applied to individual logs (Fig. 1) at the time of felling. In 
addition, the advancement of genetics technologies means that large-scale screening of 
DNA variation can be done cheaply, routinely, quickly and with a statistical certainty 
that can be used in a court of law.
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