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DNA is everywhere. Unless you are reading this in a completely sterile room, you are 
surrounded by small fragments of the nucleotides that make up your own DNA and that of 
all of your friends who have recently visited, as well as the DNA of your pets, each of the 
plant and animal ingredients in your lunch, and maybe even your clothing if you are 
wearing cotton, wool, or other natural fibers. Trace amounts of DNA of all of the plants in 
your vicinity may also be scattered around you if you are in a location that windblown 
pollen can reach. 
 
Such “incidental DNA fragments” should also be assumed to be present in various 
combinations and amounts in samples of herbal ingredients. In fact, pharmacopoeial 
botanical monographs and industry standards specifically allow some small amount – 
usually 2 to 5 percent – of “foreign organic matter,” 1,2 which may reasonably include other 
plant parts of the target species or inadvertent but minimal presence of other species that 
may be co-mingled in a harvested crop. Incidental DNA can also be found from a trace of 
another plant’s DNA on the surface of the leaves, flowers, roots and stems of the any herb 
intended for use as in ingredient in a manufactured finished product.  
 
Testing of plant species and ingredients derived from plants to verify identity is always a 
challenge, and certain criteria must be met irrespective of the particular tools used. 
Whether plant identity is determined by sensory or organoleptic characteristics, by 
observation of distinctive characteristic macroscopic or microscopic features, by chemical 
analysis, or with DNA techniques, the specific test(s) must be performed by individuals 
qualified by training and experience; must be “fit-for-purpose” to ensure each test is 
relevant to the specific tested material; must rely on authentic references; and must be 
scientifically valid. 
 

mailto:snewmast@uoguelph.ca
mailto:ragu@uoguelph.ca
mailto:rhanner@tru-id.ca
http://www.tru-id.ca/


There are particular and unique challenges associated with using DNA tools for verifying 
herbal ingredient identity, and we have some concerns that we will share in this article 
involving incidental DNA and one type of DNA analysis known as next generation 
sequencing (NGS).    
 
NGS is a powerful research tool, as it is very useful for detecting multiple sources of DNA in 
a single analysis, a quality that can be useful in answering certain research questions. For 
example, this technique has allowed a whole new discipline of research into the study of 
traces of environmental DNA (eDNA), that exists in water and soils3,4. This has applications, 
for example, in monitoring for invasive fauna species in waterways5. 
 
But the published literature indicates there are considerable problems with NGS6,7 that 
present an immediate impediment to generating scientifically valid test results, as are 
necessary for commercial use of this tool to verify herbal ingredient identity, and that 
therefore require additional research. Notably, NGS results may indicate presence of 
species in a sample due only to detection of incidental DNA, and may also over-estimate the 
amounts of incidental DNA. Such reports result in conclusions that are irrelevant at best 
and potentially misleading, and in fact may only point to a trace amount of an 
inconsequential taxon that has no real relevance to the analysis or underlying research8.  
 
There is considerable additional primary research literature suggesting several other 
challenges that must be overcome to make NGS most useful and accurate, including 
polymerase chain reaction (PCR) amplification bias8, which may skew estimates of species 
abundance. Other general NGS issues that need to be addressed through additional 
research include low-coverage, repetitive sequence, pseudogenes, homopolymer repeats, 
and large insertions and deletions6,7. Such questions concerning the limitations of NGS have 
yet to be fully addressed despite considerable effort by very large research institutes.  
 
One solution to some of these challenges would be to develop bioinformatic algorithms that 
adjust the estimates of sequence abundance from NGS per species. This includes current 
research on targeted NGS, which can be successful in closed systems with a small number 
of known species10,11. However, in industries where contaminants and adulterants are not 
well-known, and where hundreds of herbal species are used, this will be a monumental 
task12. Moreover, NGS-based sequence matching and discovery is very challenging without 
well-developed DNA reference libraries that include samples of closely related non-target 
species, all with good populations sampling13. To date, scant research has been published 
on NGS standard operating protocols (SOPs), libraries and pipelines for the analysis of 
dietary supplements as marketed in the U.S., or Natural Health Products (NHPs) as sold in 
Canada. Rather, the current research priorities for NGS are focusing on detection of human 
and food pathogens and these tools are expected to be commercially available within a few 
years14.  
 
It is useful to consider as an aside why the foodborne pathogen industry has not yet 
adopted NGS technology15,16. In short, they have not yet been able to overcome the above 
issues in order to provide a statistically valid test7,8,17; and when applied to detection of 
food pathogens the possibility of a false positive result can cause significant business 



disruption, while any chance of a false negative is well understood to be an unacceptable 
threat to public health. Progress in this area is being made, however, and current research 
suggests commercial NGS tests for foodborne pathogens will be available within the next 
two years15.  
 
NGS is a promising technology that will be commercially available for the food, supplement, 
and NHP industries once the libraries and pipelines have been developed, validated, and 
published in peer-reviewed scientific journals16. Our research team is contributing to the 
necessary research and development initiatives for NHPs, but community accepted 
methodological validation of such methods is still likely to be several years away. Even 
when completely validated, the use of NGS approaches will still require relatively expensive 
equipment operated by highly qualified personnel in ISO accredited test labs, or perhaps 
on-site by manufacturers with sufficient QA/QC budgets8,18.  
 
Research presented at the recent AOAC annual meeting19 cautions against the use of NGS as 
this technology may lead to false positives for adulterants and contaminants in NHPs. The 
presentation shared results of experimental mixtures of botanical ingredients (herbarium 
vouchers) that were generated using NGS and analysed in several internationally 
recognized labs. The results indicated that NGS often missed species and/or added species 
to the list of NGS test results, which did not match the experimental mix of botanical 
ingredients. Furthermore, the quantitative estimates from NGS mixtures did not match any 
of the experimental mixtures.  
 
During the past year we have responded to industry concerns that commercial NGS test 
results are reporting confusing results including considerable weed species in samples. 
This is not surprizing since farm operations encounter considerable amounts of incidental 
DNA from agricultural weeds in every field; NGS is so sensitive it is possible it is detecting 
very small numbers of DNA fragments from weeds on a farm that are in only negligible 
amounts in the harvested crop – so again, the presence of incidental DNA appears to be 
confounding the accuracy, or at least the marketplace relevance of these tests. We are 
conducting research on this phenomenon and will be publishing on it soon. Furthermore, 
some commercial NGS test results indicate several adulterants present in a sample that was 
known to be a simple, single, identifiable leaf. NGS detects incidental DNA fragments 
commonly present in manufacturing facilities and this analytical noise also needs to be 
controlled for when using NGS, as the tiny quantities likely present do not impact the 
quality of a dietary supplement or an NHP product. Another explanation for confusing and 
incorrectly interpreted NGS results is mismatching unknown DNA sequences to poorly 
developed libraries13 or even the use of genus specific primers that are known to 
incorrectly match to a number of closely related species; this is more evidence of poorly 
conceived NGS pipelines7,12.   
 
Although incidental DNA is a considerable problem for NGS techniques, there are 
commercial DNA-based identification tools that have been tested and validated for 
commercial use. These tools have been adopted by the food borne pathogen industry20,21,22 
and have been developed for commercial plant species used in food16 and in dietary 
supplements and NHPs. This work was based originally on a DNA barcoding initiative23 led 



by the University of Guelph in which we have developed SOPs24 and extensive DNA 
libraries for many species and populations, including NHPs25 – which have known 
provenance and sample vouchers stored in our collections facility. To date we have 
conducted over 100,000 DNA-based tests that have served in the development of rigorous 
statistical models and the development of an extensive Biological Reference Material 
Library (BRM) that can be accessed by industry partners, and regulators. This initiative 
supports the call for pharmacovigilance of NHPs26 and addresses concerns in our early 
research27 by providing novel molecular diagnostic tools that we have been beta-testing 
with leading industry partners. Our vision is to develop an alliance with industry leaders, 
regulators and consumers in the development of new industry testing standards to serve 
those who seek quality ingredient supply chains as we focus on research and development 
of reliable, affordable DNA-based tools for validating species ingredients.  
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