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ABSTRACT

The classical taxonomic methodologies for determining taxa of mushrooms are
based primarily on morphological traits. If the mushroom specimens are dried or
pulverized, the morphological characteristics are frequently disguised or no longer
apparent. Included among these fungi are known to produce psilocybin, which are hard
to identify by their macroscopic features. Molecular techniques could help to overcome
these problems. In this study, twenty samples of two genera, Psilocybe and Panaeolus,
of fungi from genera known to produce psilocybin were analyzed. The protiles of
random amplified polymorphic DNA (RAPD) produced by two primer sets were
analyzed. Fingerprints of amplified fragment length polymorphism (AFLP) produced
by five selective primer pairs were also analyzed. By the analysis of genetic similarity,
RAPD and AFLP method were capable of providing genus and species information.
AFLP band patterns can provide reliable species test and can be separated in a simple
way using PAGE electrophoresis and stained by silver nitrate. The sequencing data of
twenty psilocybin-producing mushrooms were established by fluorescent sequencing
method on the nuclear small subunit ribosomal DNA (nuc-ssu-rDNA) and the internal
transcribed spacer 1 (ITS-1) DNA regions. The sequences of 877 bp DNA fragment of
nuc-ssu-TDNA exhibited genus specific DNA sequences. The size (307-344 bp) and
sequences variation of ITS-1 showed not only genus-specific but also species-specific
DNA motifs. In the results of RNA gene analysis, the internal transcribed spacer DNA
has much faster evolving sequences than the small subunit IDNA. A simple method
was developed to perform the genus identification using a primer that is specific to
either members of the Psilocybe or Panaeolus genus. A second primer was used to

amplify a common product. This multiplex PCR was successfully developed for the

quick screening of a large number of samples for identification of the genus. The SSCP
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pattern of the common product is sufficient to reveal the species that was present. If
dye-labeled primer was used, the accurate size of common product is also a valuable
evidence of species. If an automatic sequencer is available in the lab, the best method
of species and genus i1dentification is sequencing the RNA gene. The multiallele DNA
fragments of ITS-1 DNA in Panaeolus subalteatus and Psilocybe semilanceata gave
strong evidence 1n species identification. By the phylogenetic analysis of sequence in
nuclear small subunit rDNA and the variable internal transcribed spacer 1, even the
other species (not included 1n this study) of the same genus can be easily determined
their relationship to the fungal genera known to produce psilocybin. This study
developed DNA profiling methods for the identification of members of the genera
Psilocybe and Panaeolus, which can provide information not only in taxon

determination but also in forensic identification.
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1 INTRODUCTION

1.1 Introduction

Drug trafficking is a major international problem, which requires considerable
investment by Customs and Excise, and other law enforcement agencies. When a
package containing a sample suspected of being a controlled substance is seized, either
as small quantities or as bulk supplies, it 1s important to identify the seizure as being a
Controlled Substance. Secondly, when a number of similar samples are discovered it is
useful to link them to larger batches to assist in identifying the supply routes.
Information on distribution and supply routes for such drugs can lead to their
Interception at comparatively few sites in the country of origin rather than at the
numerous street outlets. This is considered to be more effective law enforcement.

Under UK Legislation, specially the Misuse of Drugs Act 1971 and the Misuse
of Drugs Regulations 1985, the compounds psilocybin and psilocin are classified as
controlled substances. Within the legislation these two compounds are classified in the
same group as marijuana and lyseric acid diethylamine (LSD). This is due to the
hallucinogenic effects of psilocybin without an established medical use. This
compound is easily obtained from fungi that produce psilocybin, which grow
throughout the world. There are numerous ways of preparing psilocybin from the fungi
for consumption. The problems in identifying substances that contain psilocybin and
the widespread use of this substance 1s a cause for concern to Drug Enforcement
Agencies. Establishing a method for identifying fungi species that produce the
controlled substances will be of benefit.

In forensic identification, the specimens of the psilocybin-containing

mushrooms are seldom fresh. They are frequently dried, powdered or mixed with other
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edible substances. This study will establish the systematic approaches of psilocybin

mushroom identification by DNA techniques.

1.2 Historical Background

In 1957, R. Gordon Wasson published a paper [1] on the use and effect of the
magic mushroom, Psilocybe spp.. The words magic mushroom became a household
term and these fungi were adopted as a symbol of the counterculture of the 1960s. It
was widely used in the United States during the 1960s and 1970s and became popular
in the United Kingdom and elsewhere about a decade later. No other group of

mushrooms reflects society, the culture, and its values as clearly as those producing

hallucinations.

Although the popularity of ingesting hallucinogenic mushrooms has waned, 1t
has by no means disappeared. A recent Danish study confirmed that about 7% of

Danish students have experience with this group of mushroom [2]. In 1996, honey with
Psilocybe mushrooms in jars were confiscated at the Dutch-German border [3]. The
current incidence of recreational use remains an underground secret.

The term applied to individuals who have ingested these mushrooms depends
on one’s vantage point: To physicians, they are patients; to law enforcement officers,
they are illegal drug users; to parents, they are misguided youth; to toxicologists, they
are victims; to scientists they are subjects; to individuals, they are just ordinary people

seeking a good time through a perfectly reasonable and harmless pastime [4].

1.3  Toxicology and Pharmacology of Hallucinogenic Mushrooms

Psilocybin and its associated compound psilocin were first isolated from
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Psilocybe mexicana. The structure of psilocybin (4-phosphoryloxy-N, V-
dimethyltryptamine), 1s shown in Figure 1-1, with the dephosphorylated compound
psilocin. Colorless psilocybin can be rapidly oxidized to blue products {5}, one of its
characteristic features for field identification. Psilocybin is rapidly dephosphorylated to
its hydroxyl, psilocin, by alkaline phosphatase, an enzyme present both in the brush
border of the intestinal mucosa and in the liver [6].

The rapid degradation of psilocybin suggests that the compound circulating in
the bloodstream 1s primarily psilocin. The usual tryptamine derivatives absorbed from
the gastrointestinal tract, such as serotonin, do not normally cross the blood-brain
barrier. Psilocin, however, does cross into the brain, probably because of its high lipid
solubility as it 1s unaffected by the enzyme monoamine oxidase (MAO), which is
normally responsible for the metabolism and degradation of the biogenic amines.

The pharmacolo gical effects of psilocybin and psilocin are very similar. With a
lower dose as little as 4mg, psilocybin will cause a general sense of relaxation and
detachment from the environment. As the dose increases to 6-12mg, perceptual
changes develop, with alterations in both space and time sense, and the visual effects
become prominent. Only when the dose is much higher do patients start experiencing
true hallucinations, which frequently involve distortions of space, time and colour
perception [6]. Early in the investigation of these effects, it became evident that they
resembled those produced by other hallucinogenic drugs also being investigated at the
time, most notably, lysergic acid diethylamine (LSD). However, the precise neural

mechanism for the effects of the hallucinogenic mushrooms has not been completely

defined.



1 R =Phosphate Psilocybin
2 R=0OH Psilocin

Figure 1-1 The structures of psilocybin and pstlocin [4]

1.4  Legal Status of the Psilocybin-Containing Mushrooms

At the present time, in many countries, any mushroom and preparation
containing psilocybin or psilocin 1s classified under the same status as marijuana and
LSD. This classitication makes 1t 1llegal for both sale and possession without a specific
permit from the authority of government. These compounds are classified as Controlled
Substances by many countries because: there are no established medical uses for them;

the fear of abuse; and there is no consensus from the medical community for their safe

or effective use.

1.5  Fungal Species Containing Hallucinogenic Compounds

The hallucinogenic fungi are part of the group of fungi Basidiomycotina, which
includes among other species the cultivated mushroom (Agaricus spp.). Also present in

the Basidiomycotina is the death cap (Amanita phalloides), an organism responsible for

fatalities in the UK (Watling JFSS 1983 23:53-66). The Basidiomycotina is therefore a



high ranging group of fungi. With one exception (Schizophyllum commune) the
hallucinogenic fungi all belong to a single group within the Basidiomycotina, the
agarics (Agaricales). Member of the agarics all share the familiar structure of a stem
(or stipe) upon which 1s the cap (or pileus) on the underside of which are the gills (or
lamellae). The spores, responsible for reproduction, are produced by cells within the
lamellae.

Within the agarics the majority of hallucinogenic fungi occur in two genera,
Psilocybe and Panaeolus. Table 1-1 shows part of the hallucinogenic fungi used in this
study [4]. The name ‘Psilocybe’ 1s Greek and means bald head, which refers to the
smooth surface texture of the cap. The genus Psilocybe has such close affinities to
Stropharia and Hypholoma that separation of these genera continues to present unique
taxonomic difficulties. These genera are clustered within the family Strophariaceae,

which also includes the more distantly related genus Pholiota. The genus Panaeolus

belongs to the family Coprinaceae. Most psilocybin-producing species of this family
are in the genus Panaeolus. With the exception of Psilocybe and Panaeolus, the
tryptamine derived compounds like psilocybin and psilocin are widespread throughout
many genera of mushrooms. Numerous reports have shown psilocybin and psilocin in
Conocybe, Gymnopilus, Inocybe, Lycoperdon and Pluteus [7]. As the biochemical
research continues, many more species are likely to be discovered as active.

Table 1-1 Fungi containing tryptamine derivatives

Psilocybe species

P argentipes P. mexicana P baeocystis P. semilanceata
P. bonetii P. quebecensis P. caerulescens P. serbica

P. caerulipes P. sempervira P. coprinifacies P stuntzii

P. cambodginiensis P strictipes P. cyanescens P. zapatecorum
P. cubensis P. subaeruginosa P fimetaria

P. cyanofibrillosus P. aztecorum P. pelliculosa




Panaeolus species

P. africanus P. microsporus P ater P. papillionaceus
P cambodginiensis P retrugis P. castaneifolius P. sphinctrinus
P. fimcola P. subalteatus P. foenisecii P. tropicalis

Tryptamine derivatives have not been found in all the collections of Panaelus examed.

Conocybe species

C. cyanopus C. smithii

Inocybe_;pecies

[ coelestium I corydalina I. haemacta I aeruginascens

Gymnopilus species

G. spectabilis

Lycoperdon species

L. mixtecorum L. marginatum

Pluteus ggnﬁs

P, salicinus P. nigroviridus

The range of species was chosen due to their widespread distribution in the UK
and also due to their availability. Some of the species chosen are commonly found,
such as Psilocybe semilanceata, and others due to their forensic importance. The

species Psilocybe cubensis 1s part of a kit available for the cultivation of the fungi.

1.6 Distribution of Fungi Containing Hallucinogenic Compounds

Psilocybin-producing fungi grow throughout the world, and can be found in
both fields and forests. Members of the hallucinogenic genera are primarily saprophytic

fungi. Some, like Psilocybe semilanceata (4], have a penchant for the rich organic



material of dung or manure. More tend to grow 1n lawns, pastures, gardens, and parks.

They can be found along roadsides, along the edge ot torested areas, and in open wood.

1.7  Identification of Hallucinogenic Mushrooms Using Macroscopic Features

Identification of hallucinogenic mushrooms is difficult unless a trained
mycologist. Microscopic examination and comparison with known species can be a
tedious process. However, there are methods for determining whether or not a

candidate is part of the psilocybin-containing group. The Stametsian rule [7] for

targeting psilocybin mushrooms provides a quick cluster method.

If a gilled mushroom has purplish brown to black spores and
the flesh bruises bluish, the mushroom in question is very

likely a psilocybin-producing species.

If the unknown sample matches these two conditions, it is highly probable
candidate. Once targeted a psilocybin mushroom, it is necessary to compare the

mushroom in hand with the species descriptions listed in the reference book.

1.7.1 The Spore Print

Spore printing is an easy and fairly definitive means for separating groups of
mushrooms from one another. Psilocybe and Panaeolus, genera that include the

preponderance of psilocybin species, have spore deposits generally purplish brown to

black in colour. Conocybe and Galerina have rusty brown spores. Inocybe is yellowish
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brown to clay brown to dull brown [7]. The technique for spore printing is very simple
and 1s best done within the first few hours from the time the mushroom has been picked.

As the mushroom dries, its production of spores declines, making printing more

difficult.

1.7.2 The Bluing Reaction

Many Psilocybe and Panaeolus species will turn bluish or bluish green when
they are bruised. This happens either as a normal response to growing conditions or
while they are handled as they are picked. The blue pigmentation is a result of a
phenomenon paralleling the degradation of unstable psilocin (dephosphorylated
psilocybin) to presently unknown compounds by enzymes within the mushroom cells.
However, the bluing feature has limited importance from the taxonomist’s point of
view when i1t comes to 1dentifying a mushroom. For instance, many Psilocybe and
Panaeolus species will not blue no matter how much you abuse them, and there are
several poisonous and suspect species outside these two genera that exhibit near bluing,

although no psilocybin or psilocin is present [7].

1.8  Methods of Consuming the Hallucinogenic Mushrooms

The methods for consuming the mushroom or its extracts are numerous [4].
Some people use the mushrooms fresh; others dry or freeze them for later use.
Mushrooms have been powdered and put into capsules for sale and ease of
administration. Milkshakes, tea, soup, stews and omelets are but a sample of the ways
in which the drugs are ingested. Some methods attempt to alleviate the rather acrid taste

of the hallucinogenic mushrooms. Packed in honey, they preserve their potency quite
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well. Probably the least noxious way to eat them 1s to serve them with chocolate.

1.9 Identification Problems in Hallucinogenic Mushrooms

Identification of hallucinogenic mushrooms is difficult unless performed by a
trained mycologist. In drug trafficking instances, identification work is more difficult
because of the variety of specimen. The macroscopic features usually can not be
recovered. Without these features, these fungi are easily disguised and remain
unidentified. For law enforcement agencies, the question 1s only whether the mushroom
1s belongs to hallucinogenic mushrooms. This is an easy question to answer, because
there are many methods available to solve this question. There are methods to identify
the active components of hallucinogenic mushrooms, psilocybin and psilocin. These
methods include Thin-layer Chromatography [8], High-Performance Liquid
Chromatography [8,9,10], and Gas Liquid Chromatography-Mass Spectroscopy [11],
which have been reported effective. However, if the questions are concerned about the
species and the origin place of hallucinogenic mushrooms, then a rapid test that can
readily identify the presence of either Psilocybe or Panaeolus, and could further
provide a method to link such samples as being from the same geographical region,

would have many advantages over current conventional testing methods.

[n this study, I will use all the possible methods of molecular biology to find out
the possible differences in the genetic materials of hallucinogenic mushrooms. These
methods can possibly demonstrate that the species identification of hallucinogenic
mushrooms in DNA level is reliable. At the end of this study, I will incorporate these

methods into a systematic approach for a fast, economic and reliable test method in the

routine work.



2 DNA METHODS IN SPECIES IDENTIFICATION

2.1 Introduction

Every animal and sexually reproducing plant has a characteristic physical
appearance, or phenotype, due to their composition of genes, or genotype, each inherits.
The exception to this rule 1s genetically identical (or monozygotic) twins, who possess
the same unique genotype but, owing to the consequences of complex environmental
events, have subtly different phenotypes. The DNA in each nucleated cells of any
individual is identical. These principles of individual uniqueness and identical DNA
structure within all tissues of the same body provide the basis for DNA profiling. The
psilocybin-producing mushrooms, which are classified in the basidomycota of the
fungi kingdom, mostly reproduce by sexual reproduction. Every individual possesses
also a unique genetic composition. These genetic materials encode all the growth
information, which produce individual and species characteristics. Although there 1is
still no DNA analysis reported on the identification of psilocybin-producing mushroom,
there are many papers covered on the species identification of microorganisms, fungi

and plants. This chapter will review the major DNA methods on species identification.

2.2  DNA Sequencing

Nucleotide sequence of the genome encodes the original information of genetié
variation. The information contained within the DNA offers the best method of
determining the individual and class characteristics, and also the evolution history of
any organism. Since the size of the genome is too great to sequence in a limited time,

the approach usually taken is to choose appropriate regions of the genome which are
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known to change over evolutionary time periods or are highly conserved. DNA
sequencing provides highly reproducible and informative data for a defined region of

the genome and can be easily performed. Such DNA sequence data can then be

compared between different related organisms to determine the rate of change of the
DNA sequence. In recent years, the sequencing approach has been quickly facilitated
by the advent of the polymerase chain reaction (PCR) [12,13], making it possible to
sequence the DNA region of interest in a short time. Primers are designed on the basis
of sequence information for conserved parts of the DNA, and the desired target
sequences are amplified. The PCR products can then be sequenced either directly or
after cloning.

Since ribosomal DNA (rDNA) sequences have been found the numerous rates
of evolution among different regions of rDNA (both among and within genes), the
presence of many copies of most IDNA sequences per genome, and the pattern of
concerted evolution that occurs among repeated copies [14], provides much
information. White et al. [15] used direct sequencing method after amplification of
fungal ribosomal RNA genes for phylogenetic studies. Chatterton et al. [16-18] studied
the internal transcribed spacer (ITS) region of rDNA in diploid wheat, Triticum
speltoides L. (Tausch) Gren. Ex Richer (Gramineae), the primitive oat species, Avena
longiglumis Durieu (Gramineae), and barley, Hordeum vulgare L. (Gramineae). They
found homology in the nucleotide sequences of 5.8S rRNA genes of closely related
species, the lack of homology in non-related species, and variability within the I'TS1
and ITS2 regions of related species. The results makes the ITS region especially useful
for quantifying relatedness among species. Ritland and Straus [19] found a high
evolutionary divergence of the 5.8S ribosomal DNA in Mimulus glaucescens

(Scrophulariaceae) and the spacer sequences were completely unrelated to other plant

taxa. Barbee and Taylor [20] used the 18S ribosomal DNA sequence data to estimate
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ascomycete relationships, the time of divergence of major ascomycete lineages, and the

history of morphological evolutionary change. Liu and Schardl [21] found a highly
conserved sequence in rRNA gene ITS1 among flowering plant species. The rest of

ITS1 1s highly vanable in sequence. The conserved motif within ITS1 may have a key
function in the processing of rRNA gene transcripts. Pawlowski et al. [22] sequenced
about 400 bp DNA fragment situated at the 5’ terminal region of the large subunit
ribosomal RNA gene and successfully identified the species of Glabratella erecta and
Glabratella elegantissima. Crease [23] surveyed nucleotide variation of 21 subrepeat
arrays from intergenic spacer of 3 Daphnia pulex populations to study ribosomal DNA
evolution at population level. Fan [24] et al. sequenced the 5S rRNA and the rRNA
intergenic spacer of the two varieties of Cryptococcus neoformans. They found both
varieties of the 55 rDNA genes were 1dentical, but the inter-genic spacer (IGS) showed
size variation. Briard et al. [25] studied 28S rDNA sequence divergence within the
Pythiaceae, which contains economically important plant pathogens belonging to the
genera Pythium and Phytophthora, and established their phylogenetic relationships.
Hibbet [26] discovered 1nserted group I intron in the nuclear small subunit ribosomal
DNA in several species of homobasidiomycetes (mushroom-forming fungi). A
phylogenetic study was performed by these intron sequences. Parker and Kornfield [27]
developed an improved amplification and sequencing strategy for phylogenetic studies
using the mitochondrial large subunit rRNA gene. A primer pair was designed to
amplify this variable region in a wide range of taxa. They found most of the informative
variation occurs within a 200 bp subset of this segment. Siniscalco Gigliano et al.
[28,29] sequenced the internal transcribed spacer I and II, which showed species
specific DNA sequences in Cannabis sativa L. identification and can be used in
forensic analysis. Silva-Hanlin and Hanlin [30] performed small subunit ribosomal

RNA gene phylogeny of several loculoascomycetes and its taxonomic implications.
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Partial sequences (1002 bp) from this gene were performed to determine the
phylogenetic relationships of the ascostromatic fungi. Saenz and Taylor [31] also

established the phylogenetic relationships of Meliola and Meliolina inferred from

nuclear small subunit rRINA sequences.
2.3  Restriction Fragments Length Polymorphism

Restriction fragments length polymorphism (RFLP) 1s an alternative means to
detect the DNA sequence variation. This method uses restriction endonucleases to
cleave double stranded DNA only at a specific sequence of bases known as a restriction
site. Digestion of a particular DNA molecule with such an enzyme results in a
reproducible set of fragments of well-defined lengths. Point mutations within the
recognition sequence as well as insertions or deletions will result in an altered pattern of
restriction fragments that can be screened and visualized between different genotypes.
The main steps of RFLP include genomic DNA extraction, DNA digestion with
restriction enzymes, separation of digested fragments by electrophoresis, Southern
blotting the DNA fragments onto membrane, hybridization with a labeled probe,
exposure of the hybridized fragment’s signal to X-ray film, and development of the
restriction fragment patterns. For a species test by RFLP, single stranded probes, which
are species-specific DNA sequences within the ribosomal gene region [32,33], are

usually used. Since the development of PCR, most of RFLP methods were performed
after PCR amplification for the specific DNA fragment of the interest gene.

Henrion et al. [34] did not sequence the ribosomal RNA gene, they amplified
full-length nuclear 17S and 25S ribosomal RNA genes, and ribosomal internal
transcribed spacer and intergenic spacer of ectomycorthizal fungi. By restriction

endonuclease analysis of nearly 6.0 kbp of amplified rDNA they found interspecific

13



and intraspecific polymorphism. Most of the polymorphisms were located within the
regions corresponding to the internal transcribed spacer and intergenic spacer. Tan et al.

[35] used RFLP to discover the rDNA can be used to differentiated the

Gaeumannomyces graminis and its varieties. The difference among Gaeumannomyces
graminis isolates were found in the 26S rRNA coding region, where the variation
occurs 1n the IGS. Karvonen et al. [36] discovered length variation in the internal
transcribed spacers of rDNA in Picea abies and related species by restriction mapping
and Southern hybridization. White et al. [37] studied the variations in the ribosomal
gene cluster on Cronartium ribicola. I1. by RFLP. There was no particular restriction
site variant or IGS size class from particular geographic areas, and no evidence for
geographic races of the fungus was obtained. Cupolillo et al. [38] used PCR-RFLP to
study the characterization and evolution of Leishmania on tDNA.. They amplified 1-1.2
kb internal transcribed spacers between the small subunit and large subunit rRNAs, and
followed by restriction enzyme digestion. High levels of intra- and inter-specific
variation were observed, and quantitative similarity comparisons were used to associate
different lineages. Buscot et al. [39] used PCR-RFLP to study the identification of
morels on the ribosomal DNA spacers. The internal transcribed spacer and the
intergenic spacer of the ribosomal nuclear DNA appeared to be adequate to assess
morel systematics. Siniscalco Gigliano [40] successfully used restriction profiles of the
internal transcribed spacer II (ITS2) to identify Cannabis sativa L. (Cannabaceae).
Fatehi and Bridge [41] Detected the internal transcribed spacer of the tDNA gene
cluster in isolates of Ascochyta by PCR-RFLP. Mavridou and Typas [42] revealed the
intraspecific polymorphism in Metarhizium anisopliae var. anisopliae by PCR-RFLP
analysis of rRNA gene complex and mtDNA. Dresler-Nurmi et al. [43] distinguished

the species of lignin degrading corticoid fungi based on PCR-RFLP analysis of 18S

rDNA and ITS regions.
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2.4  DNA Typing by Restriction Fragment Length Polymorphism (RFLP)

The methodology of DNA profiling of RFLP is only a special case of classical
RFLP. The only difference 1s the probe used in the hybridization. DNA profiling of
RFLP uses multilocus probes that can hybridize multiple DNA loci simultaneously and
create complex banding pattern. Usually, the multilocus probes are designed to
hybridize DNA sequences within regions of DNA that are highly repetitive. There are
three kinds of DNA probes used for DNA profiling studies in fungi: (1) anonymous
repetitive DNA probes derived from the fungal genome under investigation; (2)
minisatellite probe, mostly derived from the human or wild-type M13 phage genome;
and (3) synthetic oligonucleotide probes complementary to simple repetitive

SEqUENCES.

Hamer et al. [44] developed DNA typing of fungal plant pathogen. Hanotte et al.
[45] identified the Indian peafowl Pavo cristatus. Scherer and Stevens [46] studied the
dispersed, repeated gene tamily of Candida albicans and its epidemiologic applications.
Meyer et al. [47,48] also applied the DNA profiling technique to the species
identification of fungi. Bierwerth et al. [49] compared the radioactive, colourigenic and
chemiluminescent detection methods in the oligonucleotide fingerprinting of plant and

fungal genomes.

2.5 DNA Profiling by Random Amplification of Polymorphic DNA (AFLP)
In 1985, PCR was introduced which revolutionized the methodological
repertoire of molecular biology [12,13]. This method can amplify any DNA sequence

of interest to high copy numbers in a short time. In order to amplify a particular DNA,
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two single stranded oligonucleotide primers are designed, which are complementary to
the target DNA. The RAPD method [50,51] uses only a single ten-nucleofide primer.
This primer is arbitrarily designed with at least 50% GC content, therefore no prior
knowledge of DNA sequences 1s needed and the primer can be universally used for
eukaryotes and prokaryotes. The primers will anneal to many sites of both strands
through the whole genome. An array of DNA products will be generated on the pairs of
sites, which can be extended within the polymerized period of the PCR. RAPD profiles
have been observed species specific in many reports [52 — 57].

Khush et al. [52] used RAPD fingerprints to discover the polymorphisms of the
cultivated mushroom Agaricus bisporus. Meyer et al. [51] applied the RAPD technique
to the species identification of fungi. Woods et al. [53] also developed RAPD
fingerprints of fungus Histoplasma capsulatum. For Cannabis sativa, there are Gillan
et al. [54] and Jagadish et al. [55] reported their findings on the examination of the
cannabis genome by RAPD. Lanza et al. [56] used RAPD markers to study the genetic
distance of 18 maize inbred lines and predicted their single-cross performance.

Pazoutova and Tudzynski [57] identified Claciceps purpurea species by RAPD

method.

2.6 DNA Profiling of Amplified Fragment Length Polymorphism (AFLP)

AFLP, developed by Vos et al. [58] in 1995, is based on the selective PCR
amplification of restriction fragments from a digested genomic DNA. The technique
includes restriction of the DNA and ligation of oligonucleotide adapters, selective
amplification of sets of restriction fragments, and gel analysis of the amplified
fragments. PCR amplification of restriction fragments is achieved by using the adapter

and restriction site sequence as target sites for primer annealing. The selective
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amplification is achieved by the use of primers that extend into the restriction fragments,
amplifying only those fragments in which the primer extensions match the nucleotides
flanking the restriction sites. The amplified restriction fragments are separated by
electrophoresis and visualized. Usually, 50-100 restriction fragments are amplified and
formed a DNA profile. The DNA band pattern generated by AFLP 1s based on the
amplification of restriction fragments. This method combines the advantages of RFLP
and PCR. No prior sequence knowledge 1s needed. The number of fragments will be
different when using different selective primer sets. This AFLP profile has been
successfully applied to genetic analysis, genetic mapping and linkage analysis.

In genetic analysis, Powell et al. [59] compared four marker systems included:
RFLP, RAPD, AFLP and SSR (microsatellitte) markers for germplasm analysis. They
found the AFLP method was characterized by a very high multiplex ratio. Mueller et al.
[60] used AFLP to screen symbiotic fungi cultured by the fungus-growing ant
Cyphomyrmex minutus tor genetic differences. Travis et al. [61] applied AFLP markers
to determine the genetic diversity among populations of the endangered plant
Astragalus cremnophylax. Majer et al. [62] applied in the detection of genetic vanation
in fungal species. Huys et al. [63] used it to analyze the genus Aeromonas. Janssen et al.

[64] established the bacterial taxonomy. Rosendahl and Taylor [65] continued the

development of AFLP markers for studies of genetic variation in arbuscular
mycorrhizal fungi using as little as 0.1-1 ng of DNA. Paul et al. {66] revealed the

diversity and genetic differentiation among populations of Indian and Kenyan tea
(Camellia sinensis (L.) O. Kuntze). Kiihn et al. [67] studied the diversity and
persistence of coliforms and Aeromonas 1n the water of a Swedish drinking water well.
Qi and Lindhout [68] developed AFLP markers in barley. And Donaldson et al. [69]
also developed genetic markers for red algae. They found both conservative and

variable markers were identified within and between populations, and some markers
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were unique to individuals. Hartl and Seefelder [70] developed the genetic diversity of

eight hop cultivars by fluorescent AFLPs.

The AFLP technique has also been successfully applied to the genetic mapping
and linkage analysis, such as in barley [71], the tomato Cf-9 gene [72], potato [73],
Arabidopsis [74], rice [75-77], rat [78], Brassica oleracea [79], and the Oomycete

Phytophthora infestans [ 80].
2.7  Conclusion

The above-mentioned studies on species identification provided a great deal of
information for the i1dentification of psilocybin-producing fungi. The RFLP method 1s
an effective way to reveal genetic variability. However, 1t requires large quantities of
relatively pure DNA, the use of radioisotopes in the detection method and much
laborious work. In order to avoid these problems in forensic application, PCR-based
techniques are used in this study. The RAPD technique offers advantages over RFLP
method because it is not necessary for previous knowledge of the genome to have been
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