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1. Introduction 

The DNA markers that are described in this thesis, enable classification of specific non-human 
biological traces at the species level (chapter 1), within species level (chapters 2, 3 and 4) and at 
the individual level (chapters 5 and 6). In this chapter, the forensic relevance of these 
classifications is described in a general perspective. This includes general insights from 
molecular biology, taxonomy, population genetics and ecology on one hand and forensic 
science, law, policy making and criminalistics on the other hand. 
 
2. Identification at the species level 

2.1. Biological perspective  

In biology, naming organisms, describing their characteristics, and determining the relatedness  
of organisms is considered a classical, well founded science. Since Carl Linnaeus contributed to 
taxonomy by introducing the binominal nomenclature system in the eighteenth century, 
organisms have been named with a genus name (e.g. Psilocybe), followed by a species name (e.g. 
cubensis) with type specimens being stored for future reference. Additionally, he introduced 
groupings based on both similarities and differences, implying that species within a genus are 
more closely related than species in different genera. This is also true for different genera 
within a family and for different subgroups within a species; subspecies in animal species, 
varieties in plant species and strains in species of microorganisms. One of the main advantages 
of this system for the identification of unknown samples, is that when inadequate features are 
available for identification at a certain taxonomic level (e.g. species), identification at a higher 
taxonomic level (e.g. genus) may still be performed. The same holds when scientific consensus 
has not yet been reached about a certain taxonomic level, but agreement exists about the 
higher taxonomic level. Some biologists for example consider all marijuana plants to belong to 
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one highly variable species (Cannabis sativa), whilst others recognize multiple species of Cannabis 
(reviewed in [1]). Identification of a sample to the species level could therefore give rise to 
debate, whereas both parties would agree to identification at the genus level. 
 
From a biological point or view it is accepted and highly valued that scientific advances will 
lead to new insights which, when applied to taxonomy, may lead to the renaming or reordering 
of previously described and accepted species, genera or even families or orders. Examples 
range from the partitioning of the former genus Psilocybe into genera Psilocybe and Deconica [2,3] 
(Chapter 1), to recognition of Psilocybe subacutipilea as a synonym of Psilocybe mexicana [4], and 
reconsidering whether species should be placed in a genus indicating the capability to produce 
specific metabolites or not (e.g. Psilocybe goniospora – a species mentioned on the 2008 Opium 
Act [5] – no longer considered a Psilocybe species and denoted Deconica goniospora [4]). In 
addition, new species are continuously being discovered and described [6,7], that have 
characteristics comparable to regulated species.  
 
Non-biologists, merely using the classification system for other purposes than to describe 
biology, may be oblivious, annoyed or puzzled by such alterations, especially in the transition 
period when not even all biologists have fully embraced and implemented such changes. 
Ideally laws, decrees and descriptions using biological nomenclature would regularly be 
reviewed and revised when appropriate, with input from biologists. In practice this does not 
always occur, potentially leading to discussions and confusion in court (e.g. [8]).  
 
In the last decades, taxonomy and classification no longer solely rely on morphological 
features, but differences and similarities in DNA composition are also considered. Where 
DNA composition was initially used as an additional feature to discriminate between species 
and determine the relatedness of species, molecular phylogeny and “DNA barcoding” have at 
present become mature fields of research. Large barcoding initiatives such as ECBOL 
(European Consortium for the Barcode of Life), FISH-BOL (Fish Barcode of Life Campaign), 
and HealthBOL, and many other initiatives are increasing the number of publicly available 
DNA sequences that may be used to identify unknown specimens. The data produced in these 
barcoding initiatives have given rise to new discussions of species composition, species 
concepts and the value of sequencing for the discovery and description of new species [9-13]. 
Since the sequencing capacity has increased exponentially and the capacity of taxonomists has 
remained unchanged or has even decreased in recent years, many samples are now sequenced 
that are not associated with a described type specimen. One of the proposed solutions to 
enable use of such sequence data, but acknowledging that a description is not available, is the 
Barcode Index Number (BIN) [14]. Although this system is considered useful in biological 
studies [12,15-17], its application in forensics is limited for the time being. This is in part due to 
the relatively large DNA markers that the BIN system relies on, which will often not be 
available for analysis in forensic samples. Additionally, until specific curated BIN databases 
have been composed and accredited that enable incrimination by BIN-identification (see 2.2 
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II), the usage of the BIN system in forensics is expected to be limited to investigations where 
questioned materials are to be compared to reference materials (see 2.2, I).  
 
2.2. Forensic application  

Within forensics, DNA based taxon identification is mainly performed in two instances: 
I As a first step in the investigation of a biological sample, when the focus is to determine if 

a sample originates from a taxon that may be suitable for further investigation;  
II  As a final step in the investigation of a biological sample, when identification of the 

sample determines whether possessing or selling a certain sample should be considered a 
legal offence or not. 

 
When taxon identification is performed as a first (screening) step (I), the described drawbacks 
surrounding nomenclature or misidentification will not intrinsically influence a legal case, as 
further investigation into a sample will be performed. Misidentification of a sample could result 
in the collection of irrelevant reference materials, but this would be observed when 
comparisons to these materials are performed leading such a mistake to be recognized and 
rectified. Although time and resources would be wasted, the course of justice would not be 
influenced.   
 
When taxon identification is a crucial step in determining whether a crime has been committed 
(II), misidentification of a sample, or the abovementioned taxonomic or nomenclature 
discussions could lead to misunderstandings in court and potentially to wrongful verdicts.  
The majority of cases in which identification of a taxon is of such importance to a case, involve 
the possession or selling of biological drugs of abuse (e.g. marijuana, magic mushrooms and 
khat) and plant or animal taxa protected by CITES (Convention on International Trade in 
Endangered Species) or local flora and fauna regulations. Additionally cases dealing with food 
safety, mislabelling of consumer products and animal cruelty are gaining attention (reviewed in 
[18]). In all these cases, the possession or trade of certain taxa of organisms is controlled or 
prohibited. To define which taxa are controlled, lists of taxa are generally included in the 
relevant laws. Whole families of organisms may be placed on such lists (e.g. Primates on 
CITES appendix II [19]), but also genera (e.g. Cannabis on the Dutch Opiumact list II [5]), 
species (e.g. Psilocybe cubensis on the Dutch Opiumact list II [5]), subspecies (e.g. Hippotragus niger 
variani on CITES appendix I [19]), or only specific populations (e.g. Panax ginseng from the 
Russian Federation on CITES appendix II [19]) may be specified. As the policy makers 
commissioned with defining which biological entities are placed on such lists do not necessarily 
have a background in biology, the way in which the controlled taxa are described may not 
always be logical from a biological point of view. However as these descriptions dictate which 
level of taxon identification is needed in a certain legal framework to provide a relevant answer 
in a criminal investigation, these descriptions also prescribe between which taxa discrimination 
should be possible. Identifying all Psilocybe species enumerated on the Dutch Opiumact list II 
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[5] requires a different approach than identification of the genus Psilocybe encompassing all 
Psilocybe species. As described in Chapter 1, multiple DNA markers would enable 
straightforward identification of the genus Psilocybe, whilst identification of separate species is 
more challenging.  
 
 3. Within species differentiation – mitochondrial DNA evidence  

3.1. Biological perspective 

In classification and taxonomy, organisms sharing the majority of their characteristic features 
and only displaying little differences, are likely to be placed in closely related groups. Within the 
species Homo sapiens (human), much attention has gone into the identification of maternal and 
paternal lineages, with the goal to retrace human evolution [19]. Mitochondrial DNA, more 
specifically the control region (also known as displacement loop, D-loop, hypervariable 
regions), has been the marker of choice to investigate maternal lineages. The DNA sequences 
(known as haplotypes or mitotypes) initially obtained through DNA sequencing, are at present 
often obtained by SNP analysis or MPS (mass parallel sequencing). With these advances in 
technology, the number of sequences available for comparative analysis has increased 
tremendously over recent years. These technological advances have also enabled determining 
the sequence of an increasing number of informative nucleotides per sample. Additionally the 
existence of a curated database for the storage of these haplotypes for forensic application [20] 
enables the use of this data not only for evolutionary and population studies, but also for 
evaluation of results in forensic investigations. Although the use of comparable techniques is 
being explored for other forensically relevant species such as dogs (Canis lupus familiaris) (e.g. 
[21-24]) and cats (Felis catus) (Chapters 2, 3 and 4 and references therein), less resources have 
been allocated, techniques have not yet been standardized, the number of samples studied is 
relatively small and no curated database for the collection of the data exists to date that 
incorporates quality control measures as discussed in Chapter 4. Additionally, notable 
difference exist between the evolution, population structure, haplotype distribution and 
thereby forensic potential of these species. 
 
In humans, several haplotypes have been identified that are shared by larger groups of people, 
however the majority of haplotypes occurs at low frequencies. Furthermore, these haplotypes 
can be divided into a large number of main groups with mutual cohesion, all consisting of 
multiple closely related haplotypes, differing from one another by only one or a few 
nucleotides [25]. These patterns are explained by the migration patterns of humans in the far 
past, spreading from Africa to the rest of the world starting as early as 200,000 years ago 
[19,26]. The correlation between these evolutionary routes and haplotypes, have enabled the 
use of such DNA markers to predict the ancestry of an individual, and thereby of the donor of 
a crime scene sample as different haplotypes occur in different frequencies in for example 
different ethnic groups [27]. 
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The structure of the documented haplotypes in humans is in contrast with the haplotypes 
documented for both dogs and cats. In dogs only six main groups have been identified until 
present that differ so strongly from each other that evolutionary routes between these groups 
have not been suggested. Instead, these groups have been linked to domestication of at least 51 
female wolfs (Canis lupus) around 16,300 years ago in southwest Asia [28,29]. Additionally 
hybridization between dogs and wolfs has been suggested [30,31]. Within these main groups, 
multiple haplotypes differing from one another by only one or a few nucleotides have been 
described (e.g. [22-24]). Furthermore, in many parts of the world, reproduction of dogs has 
long been influenced by humans. In the past, individuals were mainly selected for their 
behavioural properties and bred selectively, only in the last centuries selective breeding to 
enhance or maintain phenotypic properties has been described [32]. As these breeds are young 
on an evolutionary scale, insufficient differentiation has occurred to accurately predict dog 
breeds based on haplotypes although notably different haplotype distributions have been 
documented in several breeds [33].  
 
Cat haplotype structure has not yet been fully elucidated, however to this date less main 
haplogroups have been identified in cats than in humans and dogs. Additionally the majority of 
the documented haplotypes within a group differ from each other by only a single nucleotide 
(Chapter 4, Figure 1) and in European samples one dominant haplotype was identified 
reaching frequencies of more than 50% (Chapters 2 and 4 and references therein). 
Furthermore studies focussing on both the nuclear and mitochondrial DNA of cats, 
hypothesize that cats have first been domesticated in the Mediterranean around 10,000 years 
ago, and have spread over the world along with the spreading of humans ([34,35], Chapter 4 
and references therein) in a relationship that would be beneficial for both. However, other than 
with dogs, humans have not significantly interfered with the breeding of cats for centuries. 
Although humans have selected against certain phenotypes in the recent past (e.g. witch-
hunts), humans breeding cats for their phenotypic characteristics has only been described since 
the nineteenth century (illustrated in [36]). Recent evolution of breeds has been detected with 
nuclear DNA markers [35,36] that may enable attribution of a sample to a certain breed. 
However, between breed differences are at present too small to enable breed attribution using 
mitochondrial haplotypes (Chapter 2). 
  
3.2. Forensic application 

Due to the described differences, when matching haplotypes are encountered in a forensic 
investigation, the value of such a match differs considerably between species. When a reference 
individual and crime scene sample have completely different haplotypes, exclusion of this 
individual as the donor of a crime scene sample is straightforward for all species. However, the 
chances of this occurring are different in different species due (great) differences in haplotype 
distribution (Chapters 2 and 4 vs [20]). When a reference individual and a crime scene sample 
have identical haplotypes, the relevant population to derive haplotype frequencies from should 
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be determined. This may range from all individuals in a certain area (e.g. random match with 
any other cat in the Netherlands), to only those individuals with specific phenotypic 
characteristic in a small defined area (e.g. random match with any other golden retriever in The 
Hague) or to either one or another individual (e.g. the suspects cat or the victims cat). If such 
information is available, this should influence which population is chosen to determine the 
value of matching haplotypes. When samples from species such as dogs and cats are used in 
forensics, the collection and typing of additional reference samples or population samples may 
be needed to accurately estimate the random match probability of matching haplotypes in a 
specified relevant population, as the databases for these species are far less complete than for 
humans. Additionally, due to advances in technology, sequencing of the entire mitochondrial 
DNA of not only human crime scene samples but also of other species may become feasible, 
identifying more (or different) positions of the mitochondrial DNA as informative in the near 
future. This may render present day databases less useful and increase the need for case 
specific population studies.  
 
Another important aspect when evaluating the value of mitochondrial DNA evidence as 
obtained from samples such as animal hairs, is knowledge of the prevalence of such evidence. 
Animal hairs are easily transferred during a crime [37], and as many households have multiple 
pets (almost half of Dutch cat owners own at least two cats [38]), encountering hairs from 
more than one pet is not unlikely. Therefore when the value of matching mitochondrial 
haplotypes has been determined, combination of incriminating or acquitting evidence becomes 
possible as different individual dogs and or cats may be considered independent thereby 
enabling multiplication of the individual evidential values. In such cases the evidential value of 
mitochondrial DNA evidence obtained from multiple matching animal hairs may reach the 
same order of magnitude as would be obtained when matching nuclear DNA evidence from 
one individual was available. It is conceivable that in the future, the topic of discussions in 
court will not be fact that a specific cat hair has been secured as trace evidence, but that 
innocent explanations will be put forward describing how the hair emerged at the crime scene, 
as has become relevant with human DNA evidence [39].  
 
   
4. Individual identification – nuclear DNA evidence 

4.1. Biological perspective 

The use of a standardized set of nuclear STR DNA markers for the identification of humans 
has become a universal forensic standard enabling the exchange of both population data and 
crime scene information or reference profiles. However, such markers are in part selected for 
their species specificity. Generally a profile will only be obtained in the presence of DNA of 
the selected species. In non-human biological forensics, countless species may be of interest, 
implicating that countless methods should be developed, with at least as many population 
studies being performed to interpret the data. As all these species would require their own 
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technical validation of the selected markers, the resources needed for such an endeavor would 
be vast.  
 
At present only several other species have gained the amount of forensic interest that 
techniques have been developed, forensically validated, their repeat structures and population 
data described in literature including dog [40,41], cat [42], badger [43], rhinoceros [44], 
marijuana [45] and birch (Chapter 5). Many of these described markers have not been selected 
for their species specificity and are known to amplify not only in the species they were 
developed for, but also in closely related species, enabling their application in a larger number 
of forensic cases. However, whether laboratory procedures and databases developed for one 
species can be transferred to another species, needs to be determined for every STR marker 
separately. Reaction conditions may need to be adopted to compensate for differences in the 
DNA sequences between the species. Furthermore markers variable in one species may be 
monomorphic in another species (e.g. variable in dog, monomorphic in fox [46]), or alleles 
may occur in completely different frequencies (Chapter 5), severely influencing the 
interpretation of results. Even the inheritance patterns of markers may not be identical in 
different species.  
 
Fortunately many STR markers for a great variety of species have been developed for other 
purposes such as ecological studies, conservation studies and parentage analysis. Although 
these markers have been tested to a certain extent, a certain level of validation is still needed 
prior to their application to forensics. As described in the outline of this thesis, determining 
whether the markers provide the desired level of discrimination between the relevant groups 
will be the first point to be addressed. Whether these markers can be reliably measured in 
forensic samples additionally needs to be determined, especially when markers have been 
designed to investigate high quality material. Furthermore at least some samples should be 
analyzed to demonstrate the applicability of the technique. At this point it may be feasible to 
analyze crime scene samples and reference samples, as this may be sufficient validation when 
only distinguishable DNA profiles are obtained. However, when a match between a crime 
scene samples and reference material is found, analysis of population samples will be essential 
to enable interpretation of this match. This generally involves the creation of databases, and 
eventually sharing of the data with the forensic community for review and comparison. As 
described in fungal and feline DNA sequences in Chapters 1 and 4, present day databases do 
not always allow adequate curation and revision to enable both incorporation of new findings 
and removal of erroneous data. 
 

4.2. Forensic application 

As described for animal hairs in 3.2, determination of the relevant population(s) for 
comparison is a major challenge for the application of non-human biological traces. Forensic 
intelligence is of great importance to identify potentially relevant populations, but additionally 
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biological knowledge of populations, for example of the propagation of a species, is important. 
Whilst reproduction of mammals is generally well understood by all involved in the forensic 
community, the different modes of reproduction of plants pose different challenges and 
opportunities. Additionally the mobility of plants and animals differs greatly. Furthermore, 
different forensic cases, with diverse hypotheses to be tested, may call for different levels of 
certainty (e.g. DNA profiling of an animal species in an animal cruelty case versus DNA 
profiling of an abundant species of trees in a murder case).  
 
As described previously, when DNA profiles of crime scene samples and reference individuals 
differ from one another, interpretation of such comparisons does not require extensive 
population data. However, when identical DNA profiles are obtained and the evidential value 
of such a match is to be determined, the variability of the applied markers in the studied 
population becomes of importance (Chapter 5). Fortunately, for many (plant and animal) 
species, much is known about natural reproduction strategies, but also about human use of the 
species and breeding or cultivation strategies. Moreover within the Netherlands, breeders of 
most species of plants and animals and municipal services in charge of landscaping have 
proven to be valuable recourses in providing information about breeding/cultivation, planting 
locations, but also in providing samples (personal observations by the authors). Obviously this 
is in contrast with cultivators of illegal species (e.g. Cannabis) who will generally not provide 
trustworthy information about their business affairs. Interpretation of matching nuclear DNA 
profiles of various species may therefore call for completely different approaches, varying from 
mostly literature based studies of genotype frequencies, to typing of one or a few reference 
individuals or populations to estimate local genotype frequencies, to needing to design a 
complete population study to establish local genotype frequencies to enable interpretation of 
results. 
 
Clonal propagation such as applied in the cultivation of Cannabis has been posed to enable the 
direct comparison of “mother plants”  and their derivatives [47,48], whilst these plants are 
often highly mobile as humans are responsible for their cultivation and transportation. Plant 
species that naturally reproduce through selfing have the potential to lose their genetic 
variation in small areas, enabling comparison of samples to their populations of origin [49]. 
Plant species mainly reproducing in a sexual manner can be considered as mammal species 
would be considered (Chapters 5 and 6), with the difference that plants are naturally less 
mobile than mammals. However the human movement of complete plants should not be 
excluded, and the potential transfer of parts of plants should seriously be evaluated. In 
mammals, human interference with reproduction is readily illustrated by one single male (or 
female) stimulated to produce great numbers of offspring, whilst other individuals are not 
allowed to reproduce. The production of both fertilized and unfertilized seeds by birch trees is 
another illustration of a striking reproductive strategy (Chapter 6). 
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5. Non-human biological traces – concluding remarks 

To successfully apply non-human biological DNA typing in forensics, the added value of such 
traces to investigations should be known to those involved in all aspects of the forensic and 
legal system. This starts with crime scene officers, who if unaware of their possibilities may not 
sufficiently recognize and secure traces such as animal hairs or birch seeds. Fortunately, if these 
traces are not damaged or lost, many non-human traces can still be investigated after a 
prolonged period of time. Additionally, the police officers, prosecutors and investigative 
magistrates in charge of formulating questions for forensic scientists, may define questions that 
cannot readily be answered. Moreover unawareness of the possibilities and pitfalls associated 
with non-human biological traces may lead to failure to obtain relevant reference materials, or 
to failure to pursue investigation of these traces altogether. If investigation of non-human 
biological traces is initiated, knowledge of the evidential value of these traces and how this may 
be influenced by the context of the case in which they are evaluated, facilitates the use of such 
traces by magistrates. Selecting the most appropriate hypotheses or requesting additional 
evaluation of the findings in the light of new hypotheses may help avoid (potentially confusing) 
discussions in court. Finally, policy makers with an increased knowledge of biology may be 
able to formulate the biological component of legal documents in such a way that enforcing 
these laws by all parties involved is eased.  
   
Although dissemination of the applications and pitfalls of the use of non-human biological 
traces is relatively straightforward within the forensic scientific community through scientific 
literature, reaching other members of the forensic community (both within the Netherlands 
but also on a European scale (personal communication ENFSI APST working group)) is 
generally performed on a case by case basis. Moreover police officers, prosecutors, magistrates, 
policy makers and the general public, who have not personally experienced the value of these 
traces are at present still surprised by the possibilities when informed about the subject 
(personal observations by the authors, 2004-2017). As more cases involving non-human 
biological traces receive attention within the scientific community, forensic community and 
general public, the potential of these traces and the need to investigate their vast opportunities 
will further increase the interest in and application of these traces.  
  
 
  



Chapter 7  
 

124 

References 
[1] K. Hillig, Genetic evidence for speciation in Cannabis (Cannabaceae), Genet Resourc Crop Evol. 52 

(2005) 161-180. DOI: 10.1007/s10722-003-4452-y Cannabis 1 sp  
[2] S.A. Redhead, J.M. Moncalvo, R. Vilgalys, P.B. Matheny, L. Guzmán-Dávalos, G. Guzmán, (1757) 

Proposal to conserve the name Psilocybe (Basidiomycota) with a conserved type, Taxon 56 (1) (2007) 
255–257.  

[3]  L.L Norvell, Report of the nomenclature committee for fungi: 15, Taxon 59 (1) (2010) 291-293. 
[4] V. Ramirez-Cruz, G. Guzman, L. Guzman-Davalos, Type studies of Psilocybe sensu lato 

(Strophariaceae, Agaricales), Sydowia 65 (2) (2013) 277-319.  
[5] Opium Act Schedule II, Staatsblad van het Koninkrijk der Nederlanden [Bulletin of Acts and 

Decrees] 2008, 486. 
[6] J. Borovička, A. Rockefeller, P.G. Werner, Psilocybe allenii – a new bluing species from the Pacific 

Coast, USA, Czech Mycology 64 (2012) 181-195. 
[7] T. Ma, Y. Feng, X.F. Lin, S.C. Karunarathna, W.F. Ding, K.D. Hyde, Psilocybe chuxiongensis, a new 

bluing species from subtropical China. Phytotaxa, 156(4) (2014) 211-220, DOI: 
10.11646/phytotaxa.156.4.3 

[8] ECLI:NL:HR:2016:522, ECLI:NL:PHR:2015:2720, ECLI:NL:GHAMS:2014:1691, Available from: 
http://www.rechtspraak.nl [in Dutch] 

[9]  D.E. Schindel, S.E. Miller, DNA barcoding a useful tool for taxonomists. Nature, 435(7038) (2005) 
17-17. 

[10] M. Hajibabaei, G.A. Singer, P.D. Hebert, D.A. Hickey, DNA barcoding: how it complements 
taxonomy, molecular phylogenetics and population genetics. TRENDS in Genetics, 23(4) (2007) 
167-172, DOI: 10.1016/j.tig.2007.02.001 

[11] J. Waugh, DNA barcoding in animal species: progress, potential and pitfalls. BioEssays, 29(2) (2007) 
188-197. DOI: 10.1002/bies.20529 

[12] M. Kekkonen, P.D. Hebert, DNA barcode‐based delineation of putative species: efficient start for 
taxonomic workflows. Mol. Ecol. resources, 14(4) (2014) 706-715, DOI: 10.1111/1755-0998.12233 

[13] P.D. Hebert, P.M. Hollingsworth, M. Hajibabaei, From writing to reading the encyclopedia of life, 
(2016) DOI: 10.1098/rstb.2015.0321 

[14] S. Ratnasingham, P.D. Hebert, A DNA-based registry for all animal species: the Barcode Index 
Number (BIN) system, PloS one, 8(7) (2013) e66213, DOI: 10.1371/journal.pone.0066213 

[15] A. Hausmann, H.C.J. Godfray, P. Huemer, M. Mutanen, R. Rougerie, E.J. van Nieukerken, et.al., 
Genetic patterns in European geometrid moths revealed by the Barcode Index Number (BIN) 
system. PloS one, 8(12) (2013) e84518, DOI: 10.1371/journal.pone.0084518 

[16] R.A. Collins, R.H. Cruickshank, Known knowns, known unknowns, unknown unknowns and 
unknown knowns in DNA barcoding: a comment on Dowton et al. Systematic biology, 63(6) (2014) 
1005-1009, DOI: 10.1093/sysbio/syu060 

[17] T. Knebelsberger, A.R. Dunz, D. Neumann, M.F. Geiger, Molecular diversity of Germany's 
freshwater fishes and lampreys assessed by DNA barcoding. Mol. Ecol. resources, 15(3) (2015) 562-
572, DOI: 10.1111/1755-0998.12322 

[18] M. Arenas, F. Pereira, M. Oliveira, N. Pinto, A.M. Lopes, V. Gomes, et.al., Forensic genetics and 
genomics: Much more than just a human affair. PLoS Genetics, 13(9) (2017) e1006960, DOI: 
10.1371/journal.pgen.1006960 

[18] Convention on International Trade in Endangered Species of Wild Flora and Fauna, 
https://www.cites.org/eng/disc/species.php [accessed on January 15th 2018] 



General discussion  

125 

[19] R.L. Cann, M. Stoneking, A.C. Wilson, Mitochondrial DNA and human evolution. Nature, 325(6099) 
(1987) 31-36. 

[20] W. Parson, A. Dür, EMPOP—a forensic mtDNA database. Forensic Science International: 
Genetics, 1(2) (2007) 88-92, DOI: 10.1016/j.fsigen.2007.01.018 

[21] P. Savolainen, J. Lundeberg, Forensic evidence based on mtDNA from dog and wolf hairs, J. 
Forensic Sci., 44 (1) (1999), 77-81, DOI: 10.1520/JFS14414J 

[22] J.H. Wetton, J.E. Higgs, A.C. Spriggs, C.A. Roney, C.S. Tsang, A.P. Foster, Mitochondrial profiling 
of dog hairs, Forensic Sci. International, 133(3) (2003) 235-241, DOI: 10.1016/S0379-
0738(03)00076-8 

[23] H. Angleby, P. Savolainen, Forensic informativity of domestic dog mtDNA control region 
sequences. Forensic Sci Int 154 (2-3) (2005) 99–110, DOI: 10.1016/j.forsciint.2004.09.132 

[24] K.M. Webb, M.W. Allard, Mitochondrial genome DNA analysis of the domestic dog: identifying 
informative SNPs outside of the control region. Journal of forensic sciences, 54(2) (2009) 275-288, 
DOI: 10.1111/j.1556-4029.2008.00953.x  

[25] M. van Oven, M. Kayser, Updated comprehensive phylogenetic tree of global human mitochondrial 
DNA variation. Human mutation, 30(2) (2009) E386–E394, DOI: 10.1002/humu.20921 

[26] M. Nei, Genetic support for the out-of-Africa theory of human evolution. Proc Natl Acad Sci USA 
92 (1995) 6720–6722. 

[27] L. Chaitanya, M. van Oven, N. Weiler, J. Harteveld, L. Wirken, T. Sijen et.al., Developmental 
validation of mitochondrial DNA genotyping assays for adept matrilineal inference of biogeographic 
ancestry at a continental level. Forensic Science International: Genetics, 11 (2014) 39-51, DOI: 
10.1016/j.fsigen.2014.02.010 

[28] P. Savolainen, Y.P. Zhang, J. Luo, J. Lundeberg, T. Leitner, Genetic evidence for an East Asian 
origin of domestic dogs. Science, 298(5598) (2002) 1610-1613, DOI: 10.1126/science.1073906 

[29] J.F. Pang, C. Kluetsch, X.J. Zou, A.B. Zhang, L.Y. Luo, H. Angleby, et.al., mtDNA data indicate a 
single origin for dogs south of Yangtze River, less than 16,300 years ago, from numerous wolves. 
Mol. Biol. Evol., 26(12) (2009) 2849-2864, 10.1093/molbev/msp195 

[30] A. Ardalan, C.F. Kluetsch, A.B. Zhang, M. Erdogan, M. Uhlén, M. Houshmand, et.al., 
Comprehensive study of mtDNA among Southwest Asian dogs contradicts independent 
domestication of wolf, but implies dog–wolf hybridization. Ecology and evolution, 1(3) (2011) 373-
385. DOI: 10.1002/ece3.35 

[31] C.F. Klütsch, E.H. Seppälä, T. Fall, M. Uhlén, Å. Hedhammar, H. Lohi, P. Savolainen, Regional 
occurrence, high frequency but low diversity of mitochondrial DNA haplogroup d1 suggests a recent 
dog‐wolf hybridization in Scandinavia. Animal genetics, 42(1) (2011) 100-103, DOI: 10.1111/j.1365-
2052.2010.02069.x 

[32] H.G. Parker, L.V. Kim, N.B. Sutter, S. Carlson, T.D. Lorentzen, T.B. Malek, et.al., Genetic structure 
of the purebred domestic dog. science, 304(5674) (2004) 1160-1164, DOI: 10.1126/science.1097406 

[33] S. Desmyter, L. Gijsbers,. Belgian canine population and purebred study for forensics by improved 
mitochondrial DNA sequencing. Forensic Science International: Genetics, 6(1) (2012) 113-
120.10.1016/j.fsigen.2011.03.011 

[34] J.D. Vigne, J. Guilaine, K. Debue, L. Haye, P. Gerard Early taming of the cat in Cyprus, Science, 304 
(2004), 259, DOI: 10.1126/science.1095335 

[35] M.J. Lipinski, L. Froenicke, K.C. Baysac, N.C. Billings, C.M. Leutenegger, A.M. Levy, et.al., The 
ascent of cat breeds: genetic evaluations of breeds and worldwide random-bred populations. 
Genomics, 91(1) (2008) 12-21., DOI: 10.1016/j.ygeno.2007.10.009 



Chapter 7  
 

126 

[36] J.D. Kurushima, M.J. Lipinski, B. Gandolfi, L. Froenicke, J.C. Grahn, R.A. Grahn, L. Lyons, 
Variation of cats under domestication: genetic assignment of domestic cats to breeds and worldwide 
random‐bred populations. Animal genetics, 44(3) (2013) 311-324, DOI: 10.1111/age.12008 

[37] F. D’Andrea, F. Fridez, R. Coquoz, Preliminary experiments on the transfer of animal hair during 
simulated criminal behaviour, J. Forensic Sci., 43 (6) (1998), pp. 1257–1258, DOI: 
10.1520/JFS14399J 

[38] HAS Kennistransfer. Feiten & cijfers gezelschapsdierensector. Hogeschool HAS Den Bosch; 2011. 
[in Dutch] 

[39] F. Taroni, A. Biedermann, J. Vuille, N. Morling, Whose DNA is this? How relevant a question?(a 
note for forensic scientists), Forensic Science International: Genetics, 7(4) (2013) 467-470. DOI: 
10.1016/j.fsigen.2013.03.012 

[40] C. Eichmann, B. Berger, W. Parson, A proposed nomenclature for 15 canine-specific polymorphic 
STR loci for forensic purposes. International journal of legal medicine, 118(5) (2004) 249-266, DOI 
10.1007/s00414-004-0452-5 

[41] M. Dayton, M.T. Koskinen, B.K.Tom, A.M. Mattila, E. Johnston, J. Halverson, et.al., Developmental 
validation of short tandem repeat reagent kit for forensic DNA profiling of canine biological 
material. Croatian medical journal, 50(3) (2009) 268-285, DOI: 10.3325/cmj.2009.50.268 

[42] N. Schury, U. Schleenbecker, A.P. Hellmann,Forensic animal DNA typing: Allele nomenclature and 
standardization of 14 feline STR markers, Forensic Sci. Int. Genet., 12 (2014) 42-59, DOI: 
10.1016/j.fsigen.2014.05.002 

[43] N. Dawnay, R. Ogden, R.S. Thorpe, L. Pope, D.A. Dawson, R. McEwing, A forensic STR profiling 
system for the Eurasian badger: a framework for developing profiling systems for wildlife species. 
Forensic Science International: Genetics, 2(1) (2008) 47-53, DOI: 10.1016/j.fsigen.2007.08.006 

[44] K.L. Dicks, L.M.I. Webster, I McDowall, S.M. Muya, J. Hopper, P. O’Donoghue, P. Validation 
studies on dinucleotide STRs for forensic identification of black rhinoceros Diceros bicornis. Forensic 
Science International: Genetics, 26 (2017) e25-e27, DOI: 10.1016/j.fsigen.2016.10.016 

[45] C. Howard, S. Gilmore, J. Robertson, R. Peakall, Developmental validation of a Cannabis sativa STR 
multiplex system for forensic analysis. Journal of forensic sciences, 53(5) (2008) 1061-1067, DOI: 
10.1111/j.1556-4029.2008.00792.x 

[46] M. Wesselink, I. Kuiper, Individual identification of fox (Vulpes vulpes) in forensic wildlife 
investigations. Forensic Science International: Genetics Supplement Series, 3(1) (2011) e214-e215, 
DOI: 10.1016/j.fsigss.2011.08.107 

[47] H.M. Coyle, T. Palmbach, N. Juliano, C. Ladd, H.C. Lee, An overview of DNA methods for the 
identification and individualization of marijuana. Croatian medical journal, 44(3) (2003) 315-321. 

[48] C. Howard, S. Gilmore, J. Robertson, R. Peakall, A Cannabis sativa STR genotype database for 
Australian seizures: forensic applications and limitations. Journal of forensic sciences, 54(3) (2009) 
556-563. DOI: 10.1111/j.1556-4029.2009.01014.x 

[49] W.J. Koopman, I. Kuiper, D.J. Klein-Geltink, G.J. Sabatino, M.J. Smulders, Botanical DNA evidence 
in criminal cases: knotgrass (Polygonum aviculare L.) as a model species, Forensic Sci. Int. Genet. 6(3) 
(2012) 366-374. DOI:10.1016/j.fsigen.2011.07.013 

 
 
 




