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Taxonomic abbreviations used in Supplementary File
Cannabis =
C. sativa =
C. ruderalis =
C. indica =
C. afghanica =
C. himalayensis =
C. asperrima =

all taxa included in the genus Cannabis
Cannabis sativa subsp. sativa var. sativa
Cannabis sativa subsp. sativa var. spontanea
Cannabis sativa subsp. indica var. indica
Cannabis sativa subsp. indica var. afghanica
Cannabis sativa subsp. indica var. himalayensis
Cannabis sativa subsp. indica var. asperrima

SF.1. Species concepts
At last count, a score of “species concepts” competed for adherents. Four widely accepted
species concepts, as they pertain to Cannabis, are elaborated below:
The biological species concept (BSC) defines a species as a group of interbreeding
populations, reproductively isolated from other groups (Mayr 1942). Mayr tested the “species
status” of two organisms with a breeding experiment. If they produce fertile offspring, they are
the same species. Small (1972) crossbred 38 Cannabis accessions in a glasshouse experiment.
He included fiber-type plants from Europe, Turkey, China, and Japan; drug-type plants from
Mexico, Thailand, Syria, Cyprus, and Europe; and wild-type plants from Germany, Canada, and
USA (no C. afghanica accessions). All F1 hybrids were interfertile. Small concluded that no
sterility barriers existed within the genus, which consisted of one biological species.

2
Some of Small’s hand-pollinated crosses might not naturally hybridize in the field, due to
reproductive isolation barriers. Reproductive barriers are expressed along a continuum, as
populations diverge from ecotypes, to species, to distinct phylogenetic lineages (Lowry and
Gould 2016). The continuum begins with “prezygotic” barriers between populations, which are
based on extrinsic mechanisms, and depend on the external environment. At least two prezygotic
barriers operate in Cannabis:
Temporal (allochronic) isolation arises in the form of separate flowering times. Janischevsky
(1924) reported temporal isolation between C. ruderalis and neighboring C. sativa. Wild-type
plants matured in mid-June, while domesticated plants were still in the vegetative stage.
Temporal isolation thwarted Bredemann (1952) when he tried crossing German C. sativa with
South Asian C. indica. By the time Indian males produced pollen, German females had already
passed their fertility period. When he pollinated Indian females with German pollen, frost killed
Indian females in October before setting seed.
Habitat isolation arises in the form of genetic fitness for a specific environment. Habitat
isolation can be tested in a transplantation experiment. C. himalayensis adapted to the Himalaya
(high altitude, cooler) may not survive when transplanted to the plains of India (low-altitude,
hotter). C. indica adapted to the warm-and-wet plains of India would likely succumb in the
Hindu Kush, with its arid climate, desiccating winds, high UV-B radiation, and shorter growing
period. C. afghanica is poorly adapted to warm-and-wet conditions—the seedlings are
susceptible to lethal diseases caused by Pythium and Rhizoctonia fungi in damp soil. In mature
plants, roots suffer waterlogging stress, branches snap under monsoonal rainfall, and flowers
perish from “bud rot” caused by Botrytis cinerea and Trichothecium roseum. Backcross
experiments show that intolerance to humidity is expressed in hybrids that contain a small
percentage of C. afghanica parentage (McPartland et al. 2000).
The diagnostic species concept (DSC) defines a species as “the smallest group that is
consistently and persistently distinct, and distinguishable by ordinary means” (Cronquist 1978).
Cronquist applied this concept to Cannabis taxonomy (Small and Cronquist 1976). Folk
taxonomists employ a DSC concept when they distinguish between “Sativa” and “Indica”.
Distinguishable features are taxonomic characters—attributes of an organism that are divisible
into at least two conditions (or states). For example, plant height is a character that distinguishes
“Sativa” from “Indica”, with two character states: ≥ 2 m for “Sativa”, and < 2 m for “Indica”.
DSC criteria become unreliable with sibling species (which look alike and may be
“lumped”), or highly distinctive varieties (which may be “split” into separate species). Taken to
the extreme, botanists in the 16th-17th centuries split male and female plants into separate species,
calling them Cannabis mas and Cannabis foemina (e.g., Boch 1546). This splitting was based
on a single taxonomic character—gender, with two character states—female or male flowers.
Modern DSC-based taxonomists measure as many characters as possible, in as many
organisms as possible, and give the characters equal weight. This method is known as “numerical
taxonomy” or “phenetic” (as opposed to phylogenetic) taxonomy. Phenetic taxonomists apply
multivariate statistics, such as principal component analysis (PCA) or neighbor-joining (NJ)
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methods to discern clusters of organisms, which can be delimited as species or infraspecific
groups.
Another DSC method, canonical analysis (CA), differs from PCA by pre-defining potential
groupings on some criterion. PCA is used for pattern recognition, whereas CA is used for
hypothesis testing. CA establishes whether or not a minimal discontinuity of variation exists
between groups. Small et al. (1976) and Hillig (2005b) pre-defined their accessions as members
of C. sativa, C. indica, or C. ruderalis. Small’s CA analysis did not separate C. ruderalis as a
discrete group, whereas Hillig’s CA analysis showed separation.
Many Cannabis studies have used NJ, PCA, and CA, which we detail throughout this
Supporting Information. See Fig. S1 for a phenetic NJ tree based on the results of this study.
Figure S1. Phenetic NJ tree of
Cannabis, with putative
hybridization events marked
by dashed lines

C. himalayensis
C. indica
“Sativa”
“Indica”
C. afganica
C. asperrima
“Ruderalis”
C. sativa
C. ruderalis
Humulus lupulus

The phylogenetic species concept (PSC) defines a species as an evolutionarily divergent
lineage—the smallest set of organisms that share a character state inherited from a common
ancestor. Hennig (1966) differentiated between ancestral character states (plesiomorphies), and
derived character states (apomorphies). Organisms with deep ancestral roots share
plesiomorphies, whereas more recently derived organisms share apomorphies. A shared
apomorphy (synapomorphy) is a derived and unique character state, present in two groups of
organisms and their last common ancestor, and is not present in earlier ancestors.
Prior to Darwin, botanists intuited “primitive” and “advanced” character states, which often
correlated with plesiomorphies and apomorphies. Lamarck’s protégé, Augustin de Candolle, first
proposed that primitive and advanced character states could be used to organize plant taxonomy.
De Candolle (1813) coined the word taxonomie, defined as la théorie des classifications. Bessey
(1915) erected the first avowedly evolutionary system to analyze primitive and advanced
character states in plants. He composed a list of evolutionary “trends” that indicate the
directionality of character changes. He used “trends” to polarize character states—determine
which character states were ancestral, and which were derived.
Hennig (1966) polarized character states using “outgroup analysis.” He compared a group
under study (the ingroup) to its outgroup. For example, when we study Cannabis and Humulus
as the ingroup, Celtis can serve as the outgroup. If a character state occurs in the ingroup and the
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outgroup, it is plesiomorphic—ancestral, shared by distant ancestors. If a character is absent in
the outgroup and unique to the ingroup, it is apomorphic.
After polarizing a series of characters, Hennig constructed a cladogram—a dichotomously
branching diagram that represents a nested hierarchy of ingroups and outgroups. A unique
synapomorphy arises at each node, a character state shared by a clade: the common ancestor and
its decendants. A simplified example of this process is presented in Fig. S2.
Figure S2. Cladogram of four
genera in Rosales.
Synapomorphies that define
each monphyletic group are
indicated by circled letters,
described in the text.

C Cannabis
B
A

Humulus

Celtis

Morus

Fig. S2 illustrates three synapomorphies with respect to the direction of leaf evolution:
Synapomorphy A: Leaves with free stipules (monophyletic group: Cannabis, Humulus, Celtis).
The ancestral character state is a stipule that ensheaths the petiole (Morus). The stipule is an
appendage at the base of the leaf petiole.
Synapomorphy B: Leaves with a craspedodromus venation pattern, where veins proceed straight
into the margin of the leaf (monophyletic group: Cannabis, Humulus). The ancestral character
state is a camptodromous venation pattern, where major veins bend before they get to the
margin of the leaf. Bessey (1915) identified craspedodromus venation as a derived state.
Synapomorphy C: Leaves that are compound, composed of several leaflets (monophyletic group:
Cannabis). The ancestral character state is simple leaves—single leaf blades not divided into
discrete leaflets. This was another trend identified by Bessey (1915).
The ecological species concept (EcSC) defines an ecotype as a population of organisms
adapted to a niche (a set of resources). Van Valen (1976) argued that ecology drives evolution,
and selection acts primarily on phenotypes, not genotypes. The ecological niche that a plant
population occupies will shape its morphology and phytochemistry. Ecological niches give rise
to reproductive isolation barriers, such as the aforementioned habitat isolation between C. indica
(in warm-and-wet India) and C. afghanica (in cool-and-dry Afghanistan).
McEno et al. (1991) collated traits of Cannabis recorded in the literature, and correlated them
with traits adapted to specific biomes (distinct biological communities that have formed in
response to a shared physical climate). See Table S1. Based on these correlations, McEno
concluded that Cannabis evolved in a steppe biome at a temperate latitude, in undulating terrain
that was cut by seasonally-flooding streams or rivers, populated by herbivores.
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This landscape was literally on the rise in the northeastern Tibetan plateau—the Cannabis
center of origin (McPartland et al. 2019), when Cannabis and Humulus diverged 27.8 mya
(McPartland 2018). China’s first steppe communities arose in that region, at the EoceneOligocene boundary (Sun et al. 2014), and continued to develop through the Oligocene and
Miocene (Wang 1996).
In contrast, Zhang et al. (2018b) proposed northwestern Yúnnán and adjacent southeastern
Tibet as the Cannabis center of origin. They estimated that Cannabis and Humulus diverged 18.2
mya. However, Yúnnán at that time was warmer and wetter than today, and supported
subtropical broad-leaved forests (Sun et al. 2011, Huang et al. 2016). This ecosystem would not
drive the evolution of a steppe plant like Cannabis, according to the nearest living relative
method (Mosbrugger and Utescher 1997).
Table S1. Cannabis ecological traits and correlations with biomes, updated from McEno et al.
(1991).
ecological trait
anemophily (wind pollination), decreased pollen viability with
increased relative humidity (Bassani et al. 1994)
wild-type plants with woody, flexible stalks, able to
withstanding wind shear (Small et al. 2003)
sun-loving heliotrope (Darwin 1880), exposure to open sky
the most important ecological parameter influencing seed
production in wild-type hemp (Haney and Kutscheid 1975)
short-day plant that flowers when daylength drops below 12
h/d; photoperiod-insensitive populations can flower under
unfavorable daylengths—south of 30ºN (India, Yúnnán) and
north of 60ºN (Helsinki, Komi Republic, Siberia)
leaf nitrogen/phosphorus ratio very low: mean ratio 9.4
measured in ten soil types (Coffman and Genter 1975)
Cannabis utilizes C3 photosynthetic pathway, with a 13C:14C
ratio (δ13C) between -28 and -33‰ (Liu et al. 1979).
C3 plants have a δ13C >-21‰, and C4 plants have a δ13C <21‰
burning down stands of wild hemp results in increased
populations the following year (Badaev and Boltaev 2013).
Cannabis fossil pollen correlates with fire history (Franklin
and Tolonen 2000). Seedlings are somewhat fire dependent,
because they are inhibited by shading from old
undecomposed material
the “climatic variability” hypothesis suggests that seasonal
variability increases at higher latitudes, and selects for
species with greater phenotypic plasticity (MolinaMontenegro and Naya 2012)
photosynthetic maximum of 25ºC for fiber-type plants and 2530º for drug-type plants (Bazzaz et al. 1975); cultivated
plants grow best between 14-27ºC (Small et al. 2003)
wild-type plants are cold tolerant (Janischevsky 1924,
Shaikhislamova et al. 2006), but cannot tolerate hard frosts
(Bócsa and Karus 1997)
wild-type plants are drought resistant (Janischevsky 1924,
Kubešova et al. 2010)

correlated biome
open habitat with low relative humidity
(temperate steppe)
wind-swept habitat (steppe or exposed
slopes)
open habitat with few trees (steppe or
exposed slopes)
habitat at mid-latitude, somewhere
between 30ºN and 60ºN
low leaf N/P correlates with higher
latitude (Kerkoff et al. 2005)
C3 plants are favored over C4 plants
where mean monthly temperature
<22ºC with >25 mm rainfall at current
CO2 levels (Ehleringer and Cerling
2001)
grasslands are fire-dependent
ecosystems, with high biomass, slow
decomposition, poor palatability
(decreased herbivory)—all of which
promote fuel build-up (Bond et al.
2005)
Cannabis exhibits marked phenotypic
plasticity (Darwin 1868) so it likely
evolved at higher latitudes or in
mountainous terrain
habitat in warm-temperate climate
habitat in cool-temperate climate
habitat with seasonal aridity
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deep rooting depth (Amaducci et al. 2008c), roots of wild-type
plant up to 2 m deep in coarse-textured soils (Haney and
Kutscheid 1975)
achenes spread by water transport (Basu 1894), survive in
water longer than other plants (Ewart 1894) and can float
better than most other plant species (Moravcová et al. 2010)
needs soil disturbance to penetrate established stands of
perennial vegetation (Haney and Bazzaz 1970, Yunusbaev et
al. 2003)
plants thrive in soils manured by “excrements of wild
animals” (Vavilov 1926), seeds can be transported via
endozoochory (McPartland and Naraine 2018)
Central Asian flora (all plants) share traits: dense flowering
tops with ample glandular trichomes containing terpenoids
(Breckle 2007), susceptible to fungal diseases (Vavilov 1940)

deep roots associated with waterlimited ecosystems with high
evapotranspiration (Schenk and
Jackson 2002)
“ditchweed” adapted to hydrochory—
seed dispersal through running water
grasslands with soil disturbed by
seasonally-flooding streams or rivers,
or trampling by large herbivores
habitat grazed by large herbivores
(grasslands)
habitat in Central Asia

SF.2. Notes on the European subspecies, C. sativa subsp. sativa
Cannabis sativa has undergone two rounds of evolution—millions of years (mya) of natural
selection, and thousands of years (kya) of human selection. Cannabis and Humulus diverged
from a common ancestor, with a divergence time, based on molecular clock analyses, of 27.8
mya (McPartland 2018), 21 mya (Zerega et al. 2005), or 18.2 mya (Zhang et al. 2018).
The Cannabis center of origin has been appraised by two different methods. Based on fossil
pollen data, McPartland et al. (2019) proposed the northeastern Tibetan plateau, near Xīníng in
Qīnghǎi Province. Based on haplotype data of extant plants, Zhang et al. (2018) offered the
southeastern Tibetan plateau, in southeastern Tibet and adjacent northwestern Yúnnán.
C. sativa reached Europe by at least 6.3 mya (McPartland et al. 2018). Pleistocene
glaciations, increasing in amplitude 1 mya–800 kya (Ehlers and Gibbard 2007), likely drove
vicariant divergence, splitting the European and Asian populations into discontinuous
distributions. The two populations diverged due to genetic drift and environment-specific
adaptations. The molecular clock analysis by McPartland (2018) estimated that C. sativa and C.
indica diverged 1.05 mya, although the estimate was not robust, because the taxa differed at only
one nucleotide site. Zhang et al. (2018) estimated the Cannabis crown age (divergence of
haplogroups) was 2.24 mya.
Botanists have long noted that European C. sativa existed in two phases of domestication—
wild and cultivated—but did not assign Latin names to the wild-type until the 20th century.
Herodotus (2007) reported that κάνναβις grew both wild and cultivated in Scythia, now Ukraine,
in 440 BC. Lamarck (1785) said that C. sativa grew presque naturalisée in Europe, and croît
naturellement in Persia.
European wild-types were assigned to the taxa C. sativa var. spontanea Vavilov (1922) and
C. sativa var. ruderalis Janischevsky (1924). Janischevsky also coined an alternative species
rank, C. ruderalis, adding the caveat, “I am inclined to consider it a well-marked variety.” The
taxa by Vavilov and Janischevsky were based on the same population of wild-type plants
growing near Saratov, Russia. At the time, both Vavilov and Janischevsky worked at Saratov
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University. They botanized on field trips together along the Volga River (Korotkova 1978).
Vavilov squeezed out a publication about wild hemp before Janischevsky finished his own
research. Janischevsky politely mentions Vavilov’s research, but always uses ruderalis
(Janischevsky 1924, 1925). Vavilov politely mentions Janischevsky’s work, but always uses
spontanea (Vavilov 1926, 1931, Vavilov and Bukinich 1929).
The plants described by Vavilov and Janischevsky (1924) could have been wild, ruderal,
naturalized, or spontaneous. See our discussion of “wild-type nominalism” below (SF.3b).
Indeed, 150 years prior to Vavilov and Janischevsky, botanists encountered the same population
of wild-type plants, 10 km downriver of Saratov, and debated whether they were truly wild, or
escapes of formerly cultivated plants (Lepechin 1774, Pallas 1793). Full protologues of the taxa
by Vavilov and Janischevsky are detailed elsewhere (McPartland and Guy 2017).
A troika of Soviet texts, team-edited by intersecting authors, chose C. ruderalis Janischevsky
over C. sativa var. spontanea Vavilov (Nekrasova 1934, Yarmolenko 1936, Mal’tsev 1939). At
that time, Soviet science writhed under T. D. Lysenko, the pet scientist of Joseph Stalin. Lysenko
labeled Vavilov a Trotskyite, which led to Vavilov’s arrest (Medvedev 1969). Despite political
correctness—recognizing Janischevsky’s taxon over Vavilov’s taxon—Nekrasova and Mal’tsev
spent time in prison.
After Vavilov was arrested, his assistant Tatiana Ya. Serebriakova coauthored her final
Cannabis publication with Ivan A. Sizov. He was a Lysenkoite who “began energetically to
liquidate the remnants of Vavilov traditions” (Medvedev 1969). Serebriakova and Sizov (1940)
elevated Vavilov’s taxon from a variety to a subspecies, but without his name in the basionym:
C. sativa subsp. spontanea Serebriakova. C. ruderalis was synonymized under that taxon.
Schultes et al. (1974) treated C. ruderalis as a species separate from C. sativa. They
erroneously typified it with a specimen from Central Asia (Tajikistan), not Europe. Furthermore,
they described C. ruderalis as a very short plant with broad leaflets. To us, this morphology is
not consistent with Janischevsky’s taxon, but consistent with C. asperrima.
Small and Cronquist (1976) recognized the wild-type as a variety, C. sativa subsp. sativa var.
spontanea Vavilov. They chose Vavilov’s taxon over Janischevsky’s taxon on the basis of
priority, having been published two years previously.
Other authors accepted Schultes’s concept, and recognized C. ruderalis as a short, broadleafleted species from Central Asia (Anderson 1988, Hillig and Mahlberg 2004, Clarke and
Merlin 2013). Some consider C. ruderalis the ancestor of C. sativa. However, according to
phylogenetic taxonomists, an extant species cannot be the direct ancestor of another extant
species (e.g., extant Canis lupus is not the direct ancestor of Canis familiaris, Pennisi 2013).
Subspecies arising through anagenesis (change within the same evolutionary line) may coexist,
exampled by Zea mays subsp. parviglumis (wild-type teosinte) and Zea mays subsp. mays
(domesticated maize).
“Ruderalis” has become a mainstay of today’s vernacular taxonomy. “Ruderalis” is applied
to plants that exhibit one to three characteristics: CBD≃THC, wild-type morphology, or early
flowering. The latter characteristic is also called “autoflowering,” that is, day-neutral, flowering
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not induced by the light cycle. Hoffman (1961) first reported autoflowering in an accession from
Finland. One of the first seed catalogs for drug-type strains illustrated “Ruderalis” plants
growing near the Hungary-Ukraine border (Schoenmakers 1986). The plants showed strong
apical dominance and little branching. These traits are consistent with a spontaneous escape of
cultivated hemp, and depart from traits described by Janischevsky. Schoenmakers (1986) also
sold “Shady Lady”, a cross between “Ruderalis” (25%) and “Afghani” (75%). In a genomic
study, Grassa et al. (2018) demonstrated that high-CBD strains contain “hemp-type” CBDA
synthase genes introgressed “into a backround of marijuana-type cannabis.” This sounds like
Schoenmakers’s description of “Shady Lady”.
Nearly everyone recognizes European and Asian Cannabis populations as segregates. Issues
arise over their taxonomic ranks: separate species? Or separate subspecies?
SF.3a. Level nominalism
“Level nominalism” argues that we cannot tell where to draw a line through degrees of
taxonomic distinction (Hey 2001). In other words, we cannot assign a specific taxonomic rank to
the separate European and Asian populations. Debates over level nominalism became embroiled
in the USA legal system in the 1970s. Botanists on behalf of the defense argued that narcotics
laws cited C. sativa, whereas the accused possessed a different species, C. indica, which was
statutorily overlooked and technically legal (Schultes et al. 1974). Taxonomists on behalf of
plaintiffs argued for a single species, C. sativa, and therefore C. sativa and C. indica were the
same legal entity (Small and Cronquist 1976).
Two centuries prior, however, debates over level nominalism erupted between Linnaeus and
Buffon. Buffon (1749) argued that “Nature proceeds by unknown gradations, and, consequently,
it is impossible to rely entirely on those divisions, since she passes from one species to another
species, and often from one genus to another genus, by imperceptible nuances.” In contrast,
Linnaeus saw sharp-cut delineations between species. He treated species as typological and
immutable entities with fixed forms. “We count as many species as there were forms created in
the beginning” (Linnaeus 1751).
Buffon’s protégé, Lamarck, also argued against the fixity of species. This may have
influenced him to coin C. indica. Lamarck (1809) proposed a theory of evolution, wherein he
stated that species merged into other species without clear demarcations. Similarly, Darwin could
not reconcile the continuous process of evolution with the discrete concept of species. “I
was much struck how entirely vague and arbitrary is the distinction between species and
varieties” (Darwin 1859). He believed that species were arbitrary constructs. “I look at the term
species as one arbitrarily given for the sake of convenience to a set of individuals closely
resembling each other.”
The debate over taxonomic rank—whether Lamarck’s C. indica was a species, versus a
subspecies of C. sativa, began with Willdenow (1805). He treated Lamarck’s C. indica as a full
synonym of C. sativa. He did not reduce it to an infraspecific taxon. Willdenow argued that no
diagnostic differences existed between them, because both taxa showed alternate branching
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(Lamarck erroneously claimed that C. indica uniquely had alternate branching). Willdenow
ignored Lamarck’s seven other morphological differences between C. indica and C. sativa. He
also ignored Lamarck’s phytochemical differences, possibly because Linnaeus (1751) rejected
chemotaxonomic characters, such as fragrance and taste.
McPartland and Guy (2017) found evidence of cultural bias influencing Willdenow’s
taxonomic decisions, arising from personality cults surrounding Linnaeus and Lamarck. Today it
is difficult to fathom Linnaeus’s renown, and the enmity provoked by Lamarck’s deviation from
Linnaean orthodoxy. Willdenow was a disciple of Linnaeus, and updated Species Plantarum
after Linnaeus died. Willdenow (1805) rejected over half of Lamarck’s new taxa (most have
been reinstated by modern taxonomists).
British botanists in India were tutored by Johann König, a student of Linnaeus. They also
treated C. indica as a full synonym of C. sativa, without reducing it to an infraspecific taxon.
William Roxburgh became the most influential member of König’s “United Bretheren” in India.
Roxburgh (1832) wrote, “I perfectly agree with Willdenow in thinking all the varieties [of
Cannabis], if even such they can be called, centre in one species.”
Two centuries of arbitrary decisions followed (reviewed in McPartland and Guy 2017).
Although the “species debate” continutes to bedevil Cannabis taxonomy, recent genetic
studies—free of cultural bias—support a single-species concept. These studies are abstracted in
the main manuscript (Mandolino et al. 2002, Gilmore et al. 2007, Sawler et al. 2015, Lynch et
al. 2016, Grassa et al. 2018, McPartland 2018). Collectively, these genetic studies mitigate level
nominalism, and support the segregation of C. sativa and C. indica at an infraspecific rank
(below that of species).
Stuessy (2009) made recommendations regarding the infraspecific ranks of subspecies,
variety, and form. He listed characteristics that distinguish them (Table S2). Stuessy stressed
nomenclatural stability: if subspecies and/or variety has already been used to describe
infraspecific patterns of variation within a species, then this precedent should be followed insofar
as possible. Other botanists have cited historical precedence regarding their use of infraspecific
ranks (e.g., Spongberg 1979, Jansen 1985, Graham 1988, Holmgren 1994). Raven (1974) railed
against authors who did not follow historical precedent, leading to “the highly undesirable effect
of proliferating new combinations.” Our treatment of Cannabis as a single species, with a nested
hierarchy of two infraspecific ranks (subspecies and variety) follows precedent set by Small and
Cronquist (1976).
Table S2. Characters useful for distinguishing subspecies, varieties, and forms (adapted from
Stuessy 2009)
Characteristic
Morphological
distinctions

Subspecies
several conspicuous
differences

Geographical patterns

coehesive, largely
allopatric or peripatric

Variety
one to a few
conspicuous
differences
coehesive, largely
allopatric with some
overlap

Form
usually a single
conspicuous difference
sporadic, sympatric
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Genetic divergence
Likelihood of natural
hybridization
Fertility of hybrids

usually markedly
multigenic
possible along contact
zones
markedly reduced
fertility

multigenic or with some
simple control
probable in overlap
region
reduced fertility

simple control (usually
single gene)
always expected
complete fertility

SF.3b. Wild-type nominalism
Zinger (1898) first described the wild-type phenotype in Cannabis, in an accession he called
Cannabis himalayana. The characters included small achene size, a protuberant-and-tapered base
with a prominent abscission zone, and a persistent perianth (Fig. S3). The perianth exhibited
camouflagic coloring, with irregular dark spots. Botanists since Zinger have referred to the
coloring as a mosaic, marbling, or mottling. The abscission zone has been called a horseshoe,
circular torus, hilum, and callus-ring; the adjacent attenuated region has been termed a caruncle,
basal constricted zone, or elaiosome.
The perianth’s dark spots consist of pigmented cells, which contrast with non-pigmentcontaining cells. Pigmented cells differ in shape from non-pigmented cells (Briosi and Tognini
1894). Under a scanning electron microscope, pigmented cells are relatively straight and parallel
to each other, compared to non-pigmented cells, which show a wavy pattern, and it appears that
the pigment is associated with vascular cells (Small 1975).
According to Hillig (2005b), WLD biotypes (i.e., Central Asian landraces) tend to express
pigmented cells in linear stripes, whereas NLD biotypes (i.e., South Asian landraces) express
pigmented cells in irregular mottling. This character may not have taxonomic relevance; Crescini
(1490) showed pattern variations within a single landrace, ‘Carmagnola’ from Italy (Fig. S3).
Figure S3. Domesticated and wild-type phenotypes. Image on left from Zinger (1898), who
illustrated the achene of a domesticated plant (“7”) and a wild-type plant (“8”). Image on right by
Crescini (1940), showing variation in perianth ornamentation in four populations of the
‘Carmagnola’ landrace in Italy.

Wild-type plants were studied by Janischevsky (1924, 1925) and Vavilov (1922, 1926). They
were unaware of Zinger’s work, yet describe identical wild-type characters—small achenes, with
a protuberant base and a broad abscission scar, and a persistent perianth. Janischevsky and
Vavilov extended their descriptions to the whole plant: wild-type plants were shorter than
domesticated plants, usually 0.7-1.1 m in height—although plants grown in well-irrigated garden
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soil grew 2.1 m tall. They were branchier than domesticated plants, and the leaves were smaller.
Janischevsky also described growth parameters: wild-type plants matured earlier than
domesticated plants; they were more drought tolerant, and tolerated shade better. Achenes
shattered from plants, and their germination was slow and uneven.
Small and Cronquist (1976) segregated domesticated and wild-type plants as different
varieties. They did not, however, treat extant wild-type populations as the ancestors of
domesticated varieties. They expressed “wild-type nominalism,” because these posited ancestraldescendant relationships cannot be verified.
Domesticated Cannabis easily escapes cultivation and goes “feral.” Cannabis, like cats, is
barely domesticated. As a crop plant, the species is rather unique in this regard—relatively few
crops can thrive outside of cultivation—rye, oats, wheat, rice, sorghum, oilseed rape, beet,
radish, sunflower, and olives (Gressel 2005). Domesticated C. sativa reverted to a wild-type
phenotype in Canada just 50 generations (years) after cultivation was prohibited (Small 1975).
This rapid phenotypic evolution makes it difficult to distinguish truly wild plants from
formerly cultivated plants that have reverted to wild-type phenotypes. Small (1984) delineated a
spectrum of plants that exhibit wild-type traits, ranging from truly wild (i.e., native, indigenous,
aboriginal), ruderal (either wild or weedy), naturalized (i.e., weedy), to spontaneous (escapes of
cultivated plants).
Domestication and the loss of wild-type traits is a product of human selection, which began
unconsciously (selecting plants with seeds that did not shatter), followed by goal-directed
breeding. Some botanists argue that plants with traits created by human selection should not be
assigned taxa under the International Code of Nomenclature for Algae, Fungi, and Plants (ICN,
Turland 2018), but rather be assigned cultivar status under the International Code of
Nomenclature for Cultivated Plants (ICNCP, Brickell 2016). However, for pragmatic reasons,
botanists use the ICN framework to assign taxa to artificially selected plants (e.g., Hammer and
Gladis 2014).
Small and Cronquist (1976) proposed an achene length of 3.8 mm as the threshold between
larger domesticated varieties and smaller wild-type varieties. For Asian plants, the threshold
should be reduced to 3.6 mm. Achenes recovered from Asian archaeological sites—cultivated if
not domesticated plants—were sometimes even smaller than 3.6 mm (Table S3).
Table S3. Morphology of Cannabis achenes in Asian archaeological contexts, listed in
chronological order.
context
8000 BC; Jōmon culture;
Tateyama, Japan; possibly wildharvested
5800 BC; Péilǐgāng culture, Hénán
Province, China
3000 BC; Jōmon culture; Fukui
Prefecture, Japan
3000 BC; Yǎngsháo culture;
Yángguà, China

length
(mm)
3.6
3.6
3.03.5
5.1

other morphological characters

reference

oval in outline, side keel, surface
carbonized, no elongated tapered
base
ovoid, surface carbonized, no
elongated tapered base
none available

Kobayashi et al.
2008

ovoid, surface carbonized, no
elongated tapered base

Zhou et al. 2011

Bestel et al. 2018
Kasahara 1987
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2600-2500 BC; early Harappan
culture; Kunal, Haryana, India
2500-1500 BC; Hetapatti, Ganges
River basin, India
1800 BC, Qíjiā culture; Dìngxī,
China

5.0

2200-1600 BC; Lower Xiàjiādiàn
culture; Chìfēng, China
1820-1460 BC; Lower Xiàjiādiàn
culture; Chìfēng, China
1300-600 BC; Senuwar, India;
possibly wild-type
766-416 cal. BC; Yánghǎi, Turfan,
China

3.04.0
2.6*

800 cal. BC; Yánghǎi, Turfan,
China

3.0

800-520 cal. BC; Jiāyī, Turfan,
China

2.32.7

3.6*
3.7*

2.22.7
2.23.6

ovoid, surface carbonized, with
short tapered base
oval, surface carbonized, no
elongated tapered base
ovoid-elongate, surface
carbonized, no elongated tapered
base
round-ovoid, surface carbonized,
no elongated tapered base
round-ovoid, surface carbonized,
slightly elongated tapered base
round-ovoid, surface carbonized,
slightly elongated tapered base
ovoid with side keel, adherant
perianth, abscission scar ringed by
lumpy outgrowths but no elongated
tapered base
ovoid, reticulate venation with
retained perianth, no elongated
tapered base
ovoid with side keel, reticulate
venation with retained perianth,
abscission scar ringed by lumpy
outgrowths but no elongated
tapered base

Saraswat and
Pokharia 2003
Pokharia et al. 2017
Jia et al. 2012
Zhao 2011
Jia et al. 2016
Saraswat 2004
Jiang et al. 2006,
Russo et al. 2008
Jiang et al. 2007
Jiang et al. 2016

*sizes estimated from photographs with scale bars.

SF.4. Methodology, herbarium studies
Fifteen herbaria were consulted, designated by herbarium acronyms in Index Herbariorum: B
(Berlin), BM (British Museum, London), BPI (Beltsville, MD), CUP (Cornell University), F
(Field Museum, Chicago), ECON (Economic botany, Harvard), GH (Gray, Harvard), IND
(Bloomington, IN), K (Kew, London), LE (“Leningrad,” St. Petersburg), LINN (Linnaeus,
London), NY (Bronx, New York), P (Paris), PH (Philadelphia), US (Smithsonian, Washington
DC), WIR (Vavilov Institute, St. Petersburg).
Plant height cannot be measured from herbarium specimens, unless plants are very short and
can fit on an herbarium sheet (43 x 29 cm), often bent in half. Thus plant height and internode
length were obtained from the literature (primarily Hillig 2005b). Branching habitus included
two characters: branch angle and laxity. Branch angle or divarication measured the angle, in
degrees, that a branch came off the vertical shoot; it generally ranged between 45º to 90º from
vertical.
Previous authors noted that Chinese hemp (Cannabis chinensis) expressed a wider branch
angle than European hemp (Koch 1854, De Beaux 1875). Branch angle may be a function of
internode length: the long internodes of “Sativa” allow development towards overhead sunlight,
while the short internodes of “Indica” force the branches to grow laterally.
Branch laxity is a qualitative measure of flexibility, the ability of a branch to bend or droop.
Compare branch laxity in weeping willow (Salix babylonica) to that in Scots pine (Pinus
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sylvestris). Laxity likely reflects the ratio of bast fiber (flexible) to wood fiber (inflexible).
Sharma (1979b) stated that Himalayan plants were more laxly branched than plants from the
Indian plains. Hillig (2005) also observed this, adding that branching in Afghanistan plants was
the least lax. Previous authors noted that branches were more lax in Chinese hemp than European
hemp (Vilmorin 1851, Blen 1852, Hamm 1854)
Describing color is subjective, despite a precise nomenclature (Stern 1983). Many authors
rely on a Crayola scheme. Leaf color ranged from fern (a saturated forest green) to mint (soft
light green). The hue, chroma, and lightness of the achene exocarp, covered by a pigmented
perianth, is particularly hard to discern. The perianth must be scraped away. Achenes varied
from tan (a pale tone of brown), olive (a dark yellow-green), to artichoke (a light gray-green).
Measures of leaflet shape (L/W and WP/L ratios) were adopted from Anderson (1980).
Leaflet shape was measured at the base of pistillate inflorescences whenever possible. The
perigonal bract-to-leaf index was adopted from the “calyx-to-leaf ratio” (Clarke 1981).
Comparing glandular trichome density on proximal versus distal areas of “sugar leaves” was
adopted from Potter (2009).
Achene morphology and dimensions were obtained from small sample sizes, usually n = 5–
10, to minimize herbarium specimen dissections. The size of the achene’s abscission mechanism
(the elongated base and abscission scar) was qualitatively scaled from little-to-much elongation.
The degree of perianth persistence was qualitatively scaled from none, through little (a trace at
the achene base), to complete. Perianth pigmentation was described as mottled (irregular patches
of pigment) or striped (somewhat linear streaks of pigment).
In addition to specimens examined in 15 herbaria, we examined digitized images of
specimens in the Chinese Virtual Herbarium (www.cvh.ac.cn). The CVH database currently has
2009 C. sativa specimens in its database. Most of them have been scanned as digital images.
CVH shortcomings include poorly characterized location records (e.g., “Beijing botanical
garden” of unstated provenance), misidentifications (e.g., Humulus spp. as well as nonCannabaceae plants identified as Cannabis), and poor quality, out-of-focus scans. A majority of
specimens are immature or male plants, and some specimens have been defoliated by storage
beetles. Only 99 accessions were collected in Xīnjiāng, a critical region with few specimens in
Western herbaria. The source for most of these accessions was the Xīnjiāng Institute of Ecology
and Geography (herb. XJBI), and they did not provide scanned images. As a result, only 27 of
the 99 accessions from Xīnjiāng have digital images.
Herbarium specimens enabled us to map the range of two wild-type populations of C. sativa
subsp. indica (Fig. 7 in main document). The wild-type populations are assigned to varieties
himalayensis and asperrima. The distribution of himalayensis and asperrima herbarium
specimens can be compared to two previous publications that mapped these geographic ranges
(Fig. S4). Indian Hemp Drugs Commission (1894) mapped the range of himalayensis, based on
dozens of field reports (Fig. S4, left). The dark hatchmarked area demarcated “where the hemp
plant grows wild,” and the lighter hatchmarked areas indicated “where it might grow wild under
favourable circumstances.” Breckle and Koch (1982) mapped “wildform des Rauschhanfes”
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(wild form of drug hemp). The map shows locations of herbarium specimens, as black dots, and
the hatchmarked area, “approximate distribution” (Fig. S4, right).
Figure S4. Geographic range of wild-type C. indica. Left: map by the Indian Hemp Drugs
Commission (1894). Right: map by Breckle and Koch (1982), reproduced with kind permission.

We transferred the IHDC’s distribution map to a modern map, using the georeferencing tool
in ArcGISPro 2.2. To this we added the locations of C. asperrima and C. himalayensis
herbarium specimens (from Fig. 7 in the main document). As illustrated in Fig. S5, the IHDC’s
distribution map largely corresponds with the distribution of C. himalayensis herbarium
specimens. The distribution mapped by Breckle and Koch (1982) included both C. asperrima
and C. himalayensis.
Figure S5. The geographic range of wild-type C. indica, mapped by the Indian Hemp Drugs
Commission (1894), transferred to a modern map. Red circles: locations of herbarium
specimens corresponding to the Central Asian wild-type. Green triangles: locations of herbarium
specimens corresponding to the South Asian wild-type.

SF.5. Methodology; Literature review
Studies based upon common garden experiments (CGEs) were given greater weight than
studies that compared Cannabis or cannabis products from various dissimilar locations (VDLs).
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In a CGE, plants are grown in a single location, under identical environmental conditions, and
uniformly processed. CGEs aim to reduce environmental variables, and measure differences that
reflect true genetic variation. Nevertheless, CGEs still have three sources of variance:
1. The provenance of germplasm cannot be known for certain—especially seed stock
obtained from seized material or botanical gardens. For example, three accessions of “C. indica”
obtained from botanical gardens by Small and Beckstead (1973) contained no measurable THC.
2. Tropical landraces may not reach maturity in CGE studies conducted outdoors at
temperate latitudes. Frost kills them first. Achene morphology cannot be observed (unless
samples of the achenes used for planting were retained), and cannabinoid levels are not the same
as fully mature plants. This methodological shortcoming was noted by authors of CGEs
conducted at 51º30’ (Fairbairn and Liebmann 1974, Baker et al. 1982, Taylor et al. 1983), 48º17’
(Fournier 1981), 45º12’ (Small and Beckstead 1973), and even 35º21’ (Turner et al. 1979).
Cannabinoid content should be measured in plants at a uniform stage of maturity. In Canada,
by law, female inflorescences must be sampled “when the first seeds of 50% of the plants are
resistant to compression” (Small 2017). Diverse definitions of “uniform maturity” have plagued
the testing of registered hemp cultivars. Callaway (2008) reports THC levels in ‘Finola’ varying
from 0.05 to 0.32% in plants sampled according to different definitions. Most CME studies
harvested all accessions simultaneously, so they measured plants at different stages of maturity.
3. CGE studies are biased by a latitudinal “regression to the mean.” Plants of northern
provenance grown in southern latitudes will flower earlier, with shortened growth (Barbieri
1952, Yao et al. 2007, Cosentino et al. 2012). Plants of southern provenance grown in northern
latitudes will flower later, with increased growth (de Meijer and Keizer 1996, Amaducci et al.
2008a, Hu et al. 2012, Salentijn et al. 2015).
VDL studies are valuable, but with inherent flaws. First and foremost, plants in VDL studies
were cultivated under a range of environmental conditions. Cannabis responds to dissimilar
environments with robust phenotypic plasticity. Darwin (1868) marvelled over the phenotypic
plasticity displayed by Cannabis. Stevens (1878) summarized the shortfalls of making VDL
comparisons, “Hemp, or Cannabis sativa, being a plant of rapid growth, sucks up much of the
unaltered soil, and therefore differs greatly according to the soil as well as the climate and
culture.”
VDL studies are diminished by five additional uncontrolled sources of variance: 1. the placeof-origin of samples cannot be known for certain; 2. studies of resin (hashīsh or charas) vary by
the method of production—sieved or rubbed; 3. resin potency varies by degree of adulteration—
resin is easier to adulterate than herbal cannabis; 4. losses in cannabinoids and terpenoids arise
from dissimilar storage and shipment conditions; 5. losses in cannabinoids and terpenoids vary
due to methods in harvesting, drying, curing, and packaging.
Data from CMEs and VDLs can be supported by depositing voucher specimens in herbaria.
Vouchers are critical for authenticating the identification of a specimen. They allow other
researchers to retrospectively analyse accessions, especially in light of new taxonomic concepts
(Culley 2013). Unfortunately, few researchers have prepared herbarium vouchers (e.g., Small
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and Beckstead 1973, Schultes et al. 1974, Turner et al. 1973, 1979, McPartland and Cubeta
1997, Hillig and Mahlberg 2004). Many accessions studied by de Meijer (1994) and Gilmore et
al. (2007) were shared with Hillig, who prepared herbarium vouchers of those accessions.
Cannabinoids and terpenoids are the phytochemicals featured in our literature review, as
explicated in the main manuscript. When comparing cannabinoid content, CGE studies are far
more valid than VDL studies. Cannabinoid content is modulated by environmental factors, and
CGE studies reduce these environmental variables.
We know of no other phytochemicals that provide useful taxonomic characters for discerning
segregates within C. sativa subsp. indica. Flavonoids might have potential for distinguishing C.
sativa subsp. indica from C. sativa subsp. sativa (Clark and Bohm 1979, Vanhoenacker et al.
2002). The same can be said for spiroindans and stilbenoids (Flores-Sanchez and Verpoorte
2008).
Phytochemicals can be differentiated by smell, taste, their effects upon our physiology, and of
course by analytical instrumentation. Larmarck (1785) used smell to differentiate C. sativa from
C. indica; the latter produced a strong odor “resembling somewhat that of tobacco.” He also
mentioned the intoxicating properties of C. indica, “The principal effect of this plant consists of
going to the head, disrupting the brain, where it produces a sort of drunkenness that makes one
forget one’s sorrows, and produces a strong gaiety.”
Using analytical instrumentation for plant classification began much later, and its use
engendered debate. Small and Cronquist (1976) used gas-liquid chromatography–flame
ionization detection (GC–FIDS) to differentiate between C. sativa subsp. sativa and C. sativa
subsp. indica. Emboden (1977) and de Meijer (1999) criticized “ability to intoxicate” as a
taxonomic character. Emboden also criticized the impracticality of any taxonomic scheme that
required expensive chromatography equipment.
In the two centuries between Larmarck (1785) and Small and Cronquist (1976), a wide
variety of assays were used to gauge cannabis “potency.” A minority of researchers made
comparisons based on physiological effects in personal bioassays (e.g., Bergius 1785, de
Courtive 1848). Animal assays came into vogue. O’Shaughnessy (1839) tested a wide variety of
animals (monkeys, cattle, cats, birds, fish), but got repeatable results with dogs.
USA pharmaceutical companies used the “dog ataxia test,” beginning with Parke-Davis &
Co. (Houghton 1897), followed by Nelson, Baker & Co.; Eli Lilly; Smith, Kline & French; and
H. K. Mulford & Co. The ninth edition of the United States Pharmacopœia made physiological
dog testing compulsory—cannabis was the only drug with a mandatory requirement (United
States Pharmacopeial Convention 1916). Walter Siegfried Loewe standardized the dog ataxia test
to the theoretical maximum. To overcome intra-individual variabilities in cannabis testing, he
invented “bioassay by approximation” (Loewe 1939). Loewe (1944) compared cannabis extract
potency relative to the potency of synthetic THC and CBD.
Marshall and Winger (1911) wrote about the disadvantages of testing cannabis on dogs, “A
greater degree of accuracy can be obtained by experimenting on oneself.” Mukhopadhyay et al.
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(1943) compared the dog ataxia test to “judgement by veteran smokers.” The dog ataxia test has
continued to provide useful information, even after direct testing with CB1 receptors rendered the
test obsolete (Lichtman et al. 1998). Rodent studies in the cannabinoid field were inaugurated by
Wiechowski (1927). Loewe (1946) tested rodent “cataleptic response,” and later the “tail-flick
test” (Loewe 1950). These became components of Billy Martin’s “cannabimimetic tetrad test”
(Little et al. 1988).
Another metric for estimating potency was “percent resin.” Procter (1864) obtained “an
authentic specimen of gunja” from India, percolated it with alcohol, and evaporated off the
alcohol. He obtained a soft, dull green resin. Then he obtained American-grown hemp, and
extracted it the same way. Procter calculated the percent resin extract from each sample as a
proxy for potency.
Buchman (1874) tested 16 commercial cannabis indica extracts,, and compared them to a
standard (7.83% resin, obtained from dried flowering tops of C. indica from India). Percent resin
in the commercial products varied from 7.4% down to zero. Pharmaceutical companies
standardized their products this way (Parke-Davis & Co., Eli Lilly, Upjohn Co., Squibb), until
switching to the dog ataxia test. Evans (1894) ended the era of “percent resin” testing. He tested
samples of gañjā, bhāng, and charas from across British India. He showed that percent resin did
not correlate with potency gauged in a physiological assay (using cats, comparing their reactions
to those caused by a “standard gañjā”).
Except for studies of historical interest, we limited results to studies that employed analytical
instrumentation. Specifically, we used studies that employed gas-liquid chromatography (GC) or
high-performance liquid chromatography (HPLC). We omitted studies that used thin-layer
chromatography. TLC is not quantitative; it cannot determine that a sample has, say, 10% THC.
The sizes of spots on a TLC plate merely indicate relative amounts of THC and CBD in a
sample. Debruyne et al. (1994) demonstrated that TLC results vary widely, depending on the
mobile phase reagent.
Restricting data to GC and HPLC still introduces variables. To quantify fractions as they exit
GC or HPLC, various detection methods are used, such as GC-UV (ultraviolet light detector),
GC-TCD (thermal conductivity detector), GC-FIDS (flame ionization detector), GC-MS (mass
spectrometry), HPLC-MS, HPLC-UV (ultraviolet light detector), HPLC-DAD (diode array
detector), HPLC-FLD (fluorescence detector), as well as quantitative 1H-NMR (nuclear magnetic
resonance). See Hazekamp et al. (2005) for a review.
Debruyne et al. (1994) analyzed the same hashīsh specimen using different methods, and
found variable peak sizes. Using GC-FID, peak sizes were THC=CBD>CBN; using HPLC-UV,
peak sizes were CBN>THC=CBD.
GC studies conducted prior to the mid-1970s overestimated CBD content, because they used
packed columns, which combined CBD and cannabichromene (CBC) under one peak. Turner
and Hadley (1973) devised a method to separate CBD from CBC. They added reagents to
cannabis extracts that created timethylsilyl ethers of CBD and CBC, which easily separated by
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GC. Novotyný et al. (1976) pioneered the use of capillary columns instead of packed columns,
which separated CBD and CBC peaks.
Combining CBC+CBD under one peak may substantially alter the THC/CBD ratio in plants
with little CBD. To illustrated this, Hillig and Mahlberg (2004) measured THC%, CBD%, and
CBC% in 68 accessions South Asian heritage (“NLDs”). The mean THC/CBD ratio equalled
274, whereas the mean THC/CBD+CBC ratio equalled 26.
As explicated in the main document, we employed the THC/CBD ratio, rather than THC%.
THC% correlates with the density of capitate stalked glandular trichomes on bracts, p <0.001
(Potter 2009). Thus THC% is a trait linked with the “velous calyx” described by Lamarck (i.e.,
perigonal bract with a dense pubescence of capitate stalked glandular trichomes). Environmental
factors also modulate THC%, such as the intensity and spectrum of light, photoperiod, soil
nutrients, and temperature. Gender is another factor; female plants produce higher THC% than
males. THC% is also a function of plant age and “peak maturity” (Callaway 2008).
Utilizing the THC/CBD ratio to classify plants began with Grlić (1968). He used UV
spectroscopy, which regrettably is not a very quantitative method. Researchers soon turned to
GC-FIDS. Most studies reported THC and CBD as w/w percentages of dried flowering tops,
which we converted to ratios as THC%/CBD%. Coy Waller’s group at the University of
Mississippi added cannabinol (CBN) to the ratio, as THC+CBN/CBD (Fetterman et al. 1971).
Fairbairn and Liebmann (1974) first proposed that the “qualitative picture” (THC/CBD ratio)
is a genetic trait, independent of environmental conditions. The THC/CBD ratio stays relatively
consistent despite many variables—gender, maturity stage, plant part, place of cultivation, and
year of cultivation (Latta and Eaton 1975, Rowan and Fairbairn 1977, Fournier 1981, BarniComparini et al. 1984, Hanuš et al. 1987, Hanuš and Dostálová 1994, Pacifico et al. 2008,
Broséus et al. 2010, Sikora et al. 2011, De Backer et al. 2012).
SF.6. Protologues of the four varieties
A protologue is everything associated with a taxonomic name at its first valid publication,
including its diagnosis or description, synonymy, illustrations, references, and type specimen
(Turland 2018). The entire protologues of C. sativa and C. indica, including photographs of their
type specimens, are provided by McPartland and Guy (2017). Here is a synopsis:
1. The protologue of C. sativa (Linnaeus 1753) restricted that taxon to fiber-type plants of
European provenance. Linnaeus listed five taxonomic synonyms, all coined by northern
European botanists. He excluded taxa of Asian provenance from the synonymy. Earlier,
Linnaeus (1737) synonymized several taxa assigned to psychoactive Asian Cannabis. These
Asian taxa appeared in a 1746 draft of Species Plantarum (manuscript at the Linnean Society of
London), but they were deleted from the final version. Linnaeus’s type specimen of C. sativa
also came from northern Europe, likely from Uppsala, Sweden.
2. The protologue of C. indica (Lamarck 1785) included plants from India (Goa and Kochi),
Indonesia, and South Africa. Lamarck’s description of C. indica differed from C. sativa by eight
“very distinct” morphological characters in stalks, branching habit, leaves, leaflets, and female
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flowers. Lamarck also described chemotaxonomic differences: C. indica produced a strong odor,
and was psychoactive. “The principal effect of this plant consists of going to the head, disrupting
the brain, where it produces a sort of drunkenness that makes one forget one’s sorrows, and
produces a strong gaiety.” Linnaeus’s type specimen of C. indica came from India, likely
Pondicherry.
3. Vavilov’s protologue of C. sativa f. afghanica is complex and inconsistent. It has been
translated twice into English (Vavilov 1926, 1992), with subtle differences. For example, “hemp
relapsed in a wild state” (Vavilov 1926) becomes “naturalized hemp” (Vavilov 1992). “Bands of
weed hemp” (Vavilov 1926) becomes “Belts of ‘black’ hemp” (Vavilov 1992). Vavilov found
afghanica growing along the Kunar River in Afghanistan, from Gursalik (now Taranīk), through
Chekosarai (now Asadābād), to Jalālābād.
Vavilov equivocated whether C. sativa f. afghanica was truly wild or a recent escape of
cultivated plants. In a chapter about “overlapping characters of wild and cultivated hemp,” he
wrote, “The cultivated type of the Afghani small-seeded wild hemp, with a thin perianth, is a
telling instance of such overlapping.” He described afghanica as “a morphological link between
the wild and cultivated races of hemp.”
Yet he said afghanica has “light-colored small fruits [achenes] and with a thin perianth easily
taken away… The hemp forms collected on the river Kunar are distinguished by shattering, by a
developed horse-shoe” [a.k.a., a protuberant base with a prominent abscission zone]. The
achenes “germinate very slowly and unequally when sown, i.e., show all features of a typical
wild plant.”
Vavilov also couldn’t decide whether or not afghanica resembled plants he saw in Turkestan.
He described leaflets, “distinguished by their obovate narrow shape, not observed by us among
the European, Siberian and Turkestani forms.” Yet plant habit was “medium-tall growth and
having many branches, which is typical also of the common Turkestani forms.”
Vavilov tabulated the results of a CGE conducted by Serebriakova, who grew Cannabis
germplasm collected in Saratov, the Altai Mountains, and Afghanistan. Afghani plants were 60150 cm tall, with stalks of intermediate thickness, very branchy; leaves were medium in size,
with 5-9 leaflets, and shaped “narrow obovate.” Vavilov used “narrow” to qualify “obovate.” A
better descriptor for narrow obovate is oblanceolate. Vavilov photographed an herbarium
specimen—the exact same specimen that appears in Fig. 6b (in the main document)—and the
leaflets are oblanceolate.
Vavilov’s table presents other morphological characters of Afghanistan plants in a curious
series of dichotomies: either small-sized achenes (2.7-3 mm long) or medium-sized achenes (3-4
mm), either with a “horseshoe” (abscission scar) or without one, and either dark colored achenes
or light colored achenes.
The either-or dichotomies were explained three years later, when Vavilov and Bukinich
(1929) named a second taxon of Afghan plants: C. indica var. kafirstanica. The either-or
descriptions in Vavilov (1926) referred to either afghanica or kafirstanica. Vavilov and Bukinich
described kafirstanica with tiny achenes, dark-colored and marbled, with a horseshoe. They
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described C. indica f. afghanica,with larger achenes that were light colored (“white”), and a
colorless involcre (perianth), with little or no horseshoe (Fig. S6).
Figure S6. Achenes illustrated by Vavilov and Bukinich (1929). Translation of original caption:
Left to right: 1. from northern Afghanistan—cultivated form—Cannabis sativa L.; 2. ordinary
Russia hemp from Orel; 3. wild hemp from Saratov; 4., Cannabis indica f. kafiristanica Vav.; 5.
Cannabis indica var. afghanica Vav. The upper row enlarged 6 times, the lower row showing
the bases of achenes enlarged 10 times.

Information in Vavilov and Bukinich (1929) is not part of the afghanica protologue (Vavilov
1926), but it helps inform our decision to treat afghanica as a naturalized escape of cultivated
plants, rather than an indigenous wild plant. The afghanica achene illustrated by Vavilov (Fig.
S6), as well as achenes in his herbarium specimen (Fig. 3g in main document) show traits of
domestication—the loss of a persistent perianth with camouflagic mottling, and no elongated
base, drawn out in the shape of a short, tapered stub. The afghanica achene resembles a small
version of the Afghani “cultivated form” in Fig. S6. The larger achene size of the cultivated plant
would have been augmented by irrigation and fertilizer.
Vavilov (1926) claimed that afghanica grew “in districts where the cultivation of this crop is
entirely unknown.” In fact, cultivation for hashīsh was well-established in the Chitral River
valley by the 1930s (Staley 1966). Chitral is the name of the Kunar after it crosses into Pakistan,
70 km from where Vavilov collected afghanica. In the nearby Kurram River valley, cultivation
for hashīsh was observed long before that (Aitchison 1869).
Vavilov and Bukinich (1929) wrote, “Usual ecological conditions for growth of weed-wild
hemp are abandoned lots or neglected plots of land, with unsodden fertilized soil, agricultural
fields, fields with maize and cotton.” Arable land is neither abandoned nor neglected in the
Kunar River valley. Its agricultural soil is a rare and valuable resource in Afghanistan. A few
years later, Vavilov (1931) made a similar statement regarding valuable land in the Yarkand
oasis, “The vacant lots of Yarkand are full of hemp thickets.”
Vavilov observed afghanica “following the sowing of corn and other cereals” (Vavilov
1926), or “emanating from crops of maize and other cereals” (Vavilov 1992). He provided a
photograph of “wild hemp” growing amidst maize (Vavilov and Bukinich 1929). Intercropping

21
Cannabis with maize is a method of preventing detection around the world, including Chitral
(Nüsser and Dickoré 2002) and Afghanistan (UN-ODC 2010).
Vavilov and Bukinich (1929) transferred afghanica from C. sativa to C. indica, but with
inconsistent nomenclature: “C. indica var. afghanica” on page 380, “C. indica f. afghanica” on
page 381, and “C. indica var. kafirstanica forma afghanica” on page 382.
Typifying Vavilov’s taxa is problematic, because Vavilov collected germplasm, and did not
make herbarium specimens. Serebriakova cultivated Vavilov’s germplasm at the KamennoStepnaya Experiment Station (Voronezh Oblast), and prepared voucher specimens. No specimen
labeled afghanica is deposited at WIR. Seven herbarium specimens are labelled C. sativa var.
spontanea, and annotated “like ruderal” (WIR 4031, 4032, 4034, 4036, 4038, 4044, 4046).
Labels indicate that four came from Asadābād (“Chekosarai”), and two came from Kāfiristān.
All are immature, without seeds, and could be either afghanica or kafirstanica.
The afghanica neotype designated herein came from germplasm collected by Vavilov at GuiAkhen (Гуй-Ахен). Vavilov observed cultivation for hashīsh at Gui-Akhen (Table S8), so the
germplasm came from a cultivated plant. The achenes are green and reticulated, with light brown
mottling near the base, no protuberant base, length 𝑥̅ = 4.0 x 2.8 mm (Fig. 3g in main document).
This falls into the range that Vavilov (1926) gave for medium-sized achenes (3-4 mm), as
opposed to small-sized achenes (2.7-3 mm long) for plants he considered truly wild. The
neotype’s achenes closely resemble the achene that Vavilov illustrated for afghanica (Fig. S3).
The neotype inflorescences are relatively small (they were cultivated in Russia), but compact and
leafy, with ample capitate-stalked glandular trichomes, and agglutinated with trichome exudate.
4. The protologue of C. indica var. kafiristanica (Vavilov and Bukinich 1929) includes a
description, line drawing, and photographs. The authors were not consistent with their
nomenclature: C. indica f. kafiristanica appears in the caption of their illustration on page 380,
but C. indica Lam. var. kafiristanica Vav. appears in the formal description on page 381.
Their Russian description, translated: “Races of wild hemp in eastern Afghanistan have
extremely small fruits with mosaic (1000 fruits weigh 2.1-2.7 g), i.e., 6-8 times smaller than
small-seeded Central Russian cultivated hemp (Orel and Kursk hemp weighs 17-19 g).
Characteristic for them is ready shattering of fruits due to the presence of a horseshoe, slow and
uneven germination, i.e., the usual attributes of a wild plant. As regards to vegetative features,
Afghan wild–weedy hemp is distinguished by small leaves with obovate leaflets of narrowed
shape. In general, it is characterized by short stature, profuse branching from the first internode,
and by short internodes.”
Vavilov and Bukinich also mention early ripening (90–100 days in Voronezh Oblast). They
provided a drawing of the achene (Fig. S6). Although Vavilov and Bukinich described
kafiristanica plants as short in stature, a photograph of plants identified as C. indica var.
kafiristanica (Fig. 267 in Vavilov and Bukinich) shows plants equal in height to maize plants
with tassels.
Two specimens labeled C. sativa var. kafiristanica are deposited in Vavilov’s herbarium at
WIR in St. Petersburg. Small and Cronquist (1976) chose one as the lectotype: WIR 3952,
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germplasm collected by Vavilov at Chekhosarai (now Asadābād) in 1924, and cultivated in 1927
at Pushkin Experiment Station (Detskoye Selo, St. Petersburg). Incidently, Asadābād is in Kunar
Province, not Kāfiristān (present-day Nuristān Province), so kafiristanica was not collected in
Kāfiristān.
A photograph of the lectotype appeared in Vavilov and Bukinich (1929), and appears here
(Fig. 6b in the main document). The plant is 30 cm tall, staminate (male), with tight internode
spacing; nine pairs of opposite branches below, and three alternate branches near the apex.
Leaves have 5–7 overlapping leaflets, petioles long and thick, leaflets broad, oblanceolate, dark
green, with coarse serrations, up to 46 × 18 mm. The paratype, WIR 3953, is a pistillate plant.
Although the inflorescences are immature, they are nevertheless compact and leafy, with an
abundant covering of capitate-sessile glandular trichomes.
5. The protologue of C. sativa γ! asperrima (Regel 1879) consists of a brief description
(translated from Latin): “upper leaves latere [lateral branching?], perigonal bracts with short
setae, nipple-like glands, dense and rough. Near Lake Issyk-Kul close to Karakol and to the river
Dschirgalan. Legacy [collected by] A. Regel.”
Dschirgalan today is spelled Jyrgalan, a river that flows into Lake Issyk-Kul at Karakol.
Regel adds that C. sativa is cultivated [for what—drugs or fiber—he doesn’t say] and grows
quasi-spontaneously in Eastern and Western Turkestan. Regel did not designate a type specimen.
Two specimens of C. sativa γ0 asperrima are deposited at herb. LE, both collected by his son,
Albert Regel, a district physician in Kudja (Yīníng). Neither specimen was pressed correctly, and
both are chewed up. The better-preserved specimen we designated as lectotype (Fig. 6a in the
main document).
Regel (1879) contrasted asperrima with a plant that his son collected 200 miles away, along
the upper Bortala River in Xīnjiāng Region. To this specimen Regel assigned the name C. sativa
𝛽 vulgaris, with a brief description, “stems 3–6 feet tall, upper leaves scabrious, perigonal bracts
laxe [loose, apart from one another] minute glands.” The taxon C. sativa 𝛽 vulgaris had been
coined by De Candolle (1869), who assigned it to an impossibly wide range of plants—those
growing spontaneously in Central Asia, cultivated in Europe, and both cultivated and
spontaneous plants in India. Regel’s specimen of C. sativa 𝛽 vulgaris (herb. LE) differs little
from the asperrima specimens, except for larger wild-type achenes, 3.5-4.0 mm long (Fig. S7).
To us it represents another C. sativa γ0 asperrima specimen.
Figure S7. Herbarium specimen of
C. sativa 𝛽 vulgaris collected by A.
Regel in Xīnjiāng Region (herb.
LE).
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6. The protologue of C. sativa var. himalayensis (Cazzuola 1875) consists of a brief
description, which compares it to Chinese hemp and C. gigantea (Piedmont hemp of Italy). “This
variety is largely similar to Chinese hemp in its height, but differs by being not so branchy, to
have thin stalks, and grows taller. The fiber of this variety is very tenacious, but not as fine as
that of C. gigantea.” Cazzuola did not provide a synonymy or illustrations. No specimens of C.
sativa var. himalayensis exist in Cazzuola’s herbarium collection (pers. communications, Lucia
Amadei, herb. PI).
SF.7. Nomenclatural priority: debates over Persoon and Cazzuola
Plant taxa with a given circumscription and rank can only have one correct name, according
to the International Code of Nomenclature for Algae, Fungi, and Plants (ICN, Turland 2018).
The correct name is the earliest legitimate one (ICN Article 11.3). This applies to species names
that are subsequently reduced to an infraspecific taxon, for example when C. indica is reduced to
C. sativa subsp. indica. Thus, the earliest legitimate name has priority.
Persoon (1807) reduced Lamarck’s taxon to an infraspecific taxon, as C. sativa β indica
(Lam.) Persoon. He implicitly accepted the differences by which Lamarck separated indica from
sativa, but he did not think the differences warranted segregation at the rank of species.
Persoon’s infraspecific taxon was accepted by many other botanists. Nine botanists are listed by
McPartland and Guy (2017), with publication dates between 1823 and 1865. Three other
botanists, unaware of Persoon, repeated his efforts. Fristedt (1870) coined C. sativa var. indica
(Lam.) Fristedt. Siebert and Voss (1896) coined C. sativa f. indica (Lam.) Voss. Wehmer (1911)
coined C. sativa var. indica (Lam.) Wehmer.
Small and Cronquist (1976) accepted Wehmer’s synonymy. They believed that Persoon’s
name was not validly published because Persoon’s name was not published with any indication
of being based on Lamarck’s indica. In fact, Persoon cited “Lam. ill. gen. t. 814” (Fig. S8),
which is shorthand for Lamarck, Illustration des genres. This title is better known as Tableau
encyclopédique et méthodique Botanique (Lamarck 1799). Persoon erred there—C. indica
appeared in Lamarck (1785), not in Lamarck (1799). But as previously argued (McPartland
1992), the ICN does not invalidate pre-1953 recombinations containing bibliographic errors (see
Articles 41.6 and 46.3, Turland 2018). The publication date of Lamarck (1799) is documented by
Stafleu and Cowan (1979). The text was republished by Lamarck and Poiret (1823).
Figure S8. Persoon (1807) reduced
Lamarck’s C. indica to a variety
under C. sativa.

The taxon C. sativa subsp. indica var. himalayensis also raises issues regarding priority.
Koch (1854) wrote a lengthy description of Chinese hemp (Cannabis chinensis), and in one
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sentence he compares Chinese hemp to Himalayan hemp. Regarding the latter, Koch applied the
taxon C. sativa var. himalayensis, but he did not provide a clear diagnosis of the plant. Koch
considered C. chinensis a genuine species, “Maxime Cannabis sativæ varietati himalayensi (C.
sativæ Roxb. Flora indica III, 772, C. indicæ Rumph, Herb. Amb. V, t. 77) accredit, sed in
nostris regionibus magis refrigertis nunquam maturescit.”
Translated: “Very much like Cannabis sativa variety himalayensis (C. sativa Roxb. fl. ind.
III, 772, C. indica Rumph, herb. amb. V, t. 77), but in our rather cool countries will not be
brought to maturity.” Thus Koch parenthetically equated variety himalayensis with domesticated
Indian hemp described by Roxburgh (1832) and Cannabis indica described by Rumph (1747),
which is an erroneous concept. Furthermore, Koch does not provide a full description, so his
taxon is judged a nomen nudum and not validly published (ICN Art. 38.2, Turland 2018).
Cazzuola (1873) also compared canapa dell’Imalaia (Himalayan hemp) to Chinese hemp,
“since this variety has a coarse bark, you must keep it submerged a few more days more than
Chinese hemp.” He coined the taxon Cannabis sativa var. hymalaiensis, but his lack of a clear
diagnosis is judged a nomen nudum and not validly published (ICN Art. 38.2, Turland 2018).
Subsequently, Cazzuola (1875) provided a somewhat more detailed description of C. sativa
var. himalayensis, which we translate in the previous section on protologues. We consider this
description adequate, and assign priority to Cazzuola (1875).
SF.8. Morphological comparisons:
South Asian C. indica (domesticated) and C. himalayensis (wild-type)
Hindu tradition maintains that Lord Shiva discovered wild bhāng in the Himalaya (i.e., wildtype C. himalayensis), and brought it down to the Indian plains as a gift to humans (i.e.,
domesticated C. indica) (Grierson 1894).
In historical times, people in the Indian plains cultivated C. indica, nearly exclusively for
drugs, bhāng and gañjā. A different scenario emerged in the Himalaya, where plants supplied
fiber for cordage and cloth, as well as drugs. Rājataranginī, the earliest history of Kashmir
(written around 1150 CE), describes garments made of bhaṅgā (Kalhana 1989). The Himalayan
drug, rather than gañjā, was hand-rubbed charas (hashīsh). Although present-day authors say
charas traditionally came from wild-type plants (e.g., Clarke 1998), early British explorers often
described charas rubbed from cultivated plants (Table S4).
Table S4. Early descriptions of Himalayan plants
citation
Eliot (1794)
Hardwicke (1801)
Kirkpatrick (1811)
Moorcroft (1816)
Hamilton (1819)

location; C = cultivated, W = wild-type; other observations
Garo Hills, Meghalaya, India; C: for fiber only; Tibeto-Burman ethnic group
Haridwar, Garhwal, Uttarakhand, India; C: fiber and “an intoxicating drug”
Kathmandu valley, Nepal; C-or-W not stated; fiber and hand-rubbed cherris
Garhwal, Uttarakhand; C: fiber, no mention of drugs; plants 12 ft. tall.
Nepal; W: charas and gangja, no mention of fiber
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Traill (1828)

Royle (1839)
O’Shaughnessy
(1839)
Batten (1855)
letter dated 1840

Huddleston (1841)

Swetenham
(1841)
Kirke (1842)
Madden (1848)
Christison (1851)

Thomson (1852)

Hooker (1854)
Thornton (1859)
Jacquemont
(1861)
Watson (1862)

Lawrence (1895)
Hooker (1890)
Indian Hemp Drugs
Commission (1894)

Garhwal, less so Kumaon, Uttarakhand; C: one pucca bigha (0.253 ha) yields 4
maunds fiber (i.e., 590.0 kg/ha) worth Rs. 8, and 4 seers of chiras (14.75 kg/ha)
worth Rs. 8; plants 12-14 ft. tall
Garhwal, Uttarakhand, and Sirmaur, Himachal Pradesh, India; C-or-W not stated;
for fiber and “intoxicating drug,” plants 10-12 ft tall
Nepal; C-or-W not stated; originated the myth of churrus “gathered on the skins of
naked coolies” running through fields of plants
Garhwal, Uttarakhand; C: female plants (goorbhunga) for churus and fiber; male
plants (phoolbhunga) for fiber; W: gunarabhunga (also called jungle hemp or bun
bhunga), provided “a little churus…and an inferior rope… but in general this
species is considered and treated as useless,” plants 10 ft tall
Pauri District, Garhwal, Uttarakhand; C: phoolbang, 1 acre yields 4 maunds fiber
(worth Rs. 8), 3 seers of churrus (worth Rs. 6), 30-45 seers of seed; rarely
cultivated below 3000 ft, “the heat of the valleys being detrimental to its quality;”
W: khur-bhunga or jungle bhang, yields an insignificant quantity of churrus.
Garhwal, Uttarakhand; C: for fiber and seed (no mention of drugs), plants 8 ft tall;
W: for churus and not fiber
Deyrah (Dēhrādūn), Uttarakhand, India; C: fiber, seed, bhung, and churrus
Kumaon, Uttarakhand; C: female plants (goon-bhanga) for gunja and seed oil;
male plants (phool-bhanga) for fiber; W: jungulee-bhanga for churrus
district from Almora to Mussoorie, Uttarakhand, India; C: fiber and churrus;
“dozens of villages… hundreds of men, women, and children, all employed in
making churrus,” plants 10–14 ft. tall
Jhelum River, Kashmir; W: “grows spontaneously along the banks of the river,
forming dense thickets often 12 and 15 feet in height, and almost impenetrable. It
is only used in the manufacture of an intoxicating drink, and for smoking”
Tambur (Tamur) river, near border with Sikkim, easternmost Nepal: C: “the smallleaved variety of hemp (Cannabis) grown as a narcotic”
Sirmour (Sirmaur), Himachal Pradesh; C: “bang or hemp, for narcotics”
Kashmir Valley, Kashmir; W: “Collecting the wild plant to extract the intoxicating
dust brings about 25,000 rupees per year for the treasury of Ranjit Singh”
Himachal Pradesh; C: “grows spontaneously and in abundance everywhere in the
submontane tracts, but is cultivated for the fibre only in the eastern parts of
Kangra, and in the Simla Hills”
Kashmir Valley, Kashmir; W and C: fibre and charas
N.W. Himalaya, India: W: fiber, bhang, and kief, plants to 8 ft tall
location records of W growth rubbed for charas include Urgum (Garhwal,
Uttarakand), Almora (Almora, Uttarakhand), and Kullu (Himachal Pradesh)

Were the cultivated plants in Table S4 simply wild-type C. himalayensis brought into
cultivation, or were they truly domesticated? There is a difference. Cereals domesticated in the
Fertile Crescent may have taken 1000 years of cultivation to fix some traits of domestication, and
legumes took longer (Langlie et al. 2014). This protracted process was due, in part, to continued
outcrossing between cultivated and wild-type plants. Among traits preserved in the
archaeological record, the initial trait was enlarged seed, and nonshattering traits (reductions in
abscission/dehiscence layers) came last.
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Although Small (1975) observed that domesticated C. sativa reverted to a wild-type
phenotype in just 50 years, the length of time required for wild-type Cannabis to acquire traits of
domestication is unknown. Himalayan people have cultivated Cannabis for fiber since at least
1000 BCE—a fossil pollen study in Garhwal found unnaturally high levels of Cannabis pollen,
indicative of a former hemp-retting pond (Demske et al. 2016).
The oldest archaeobotanical evidence comes from the plains of India near the Himalaya: at
Kunal in Haryana, 2600-2500 BC; and Hetapatti in Uttar Pradesh, 2500-1500 BC (Table S3).
Achenes at both sites showed a mixture wild-type and domesticated traits.
Huddleston (1841) observed wild and cultivated plants in Garhwal, “I imagine the cultivated
kind must have originally been wild and rendered productive by culture…for they have both the
same appearance with the exception of the cultivated kind, growing to a greater height and
thickness of the stem, producing a heavier and fuller seed [emphasis added], and not throwing
out so many branches.” Batten (1855) wrote about Cannabis cultivation in Garhwal, “the first
introduction of which into the hill agriculture, whether from the wild plant of the country, or
from elsewhere, is not now discoverable.”
Batten’s comment, “from elsewhere,” could apply to Chinese fiber-type hemp. Roxburgh
(1815) tried to import Chinese germplasm into India. Earlier, Roxburgh (1804) grew English
hemp for rope at Calcutta. Russian germplasm was also imported into Bengal (Deneef 1841). As
early as 1807, a British trade agent named Thomas Rutherford encouraged hemp cultivation in
Uttarakhand (Huddleston 1841, Bayly 1996). The British sent hemp experts to Himalayan border
towns, “instructing the people in the proper mode of preparing it” (Christian 1855).
Koch (1854) and Cazzuola (1873, 1875) gave brief descriptions of C. himalayensis, detailed
in section SF.6. According to Koch and Cazzuola, the taxon’s key characteristics were its tall
height, potential as a source of bast fiber, and its similarity to Chinese hemp. Zinger (1898)
described wild-type achenes in C. himalayana (Fig. S3).
Bredemann (1952) conducted a CME with Himalaya germplasm that he named “Almora”,
after Almora in Uttarakhand. He compared germplasm from southern India (“Indore”,
“Bangalore”), and Europe (Russia, Hungary). “Almora” grew 3.5-4 m tall, and matured late in
Germany—frost killed females before achenes matured. Bredemann measured bast fiber content
in dry shoots; Almora contained 12.3%—a higher percentage than fiber-type landraces from
Russia (9.5%) and Hungary (10.3%), as well as Indore (9.1%) and Bangalore (8.8%).
Sharma (1975) compared two populations of plants in India, from Hoshiarpur (on the Punjab
plain, 250 m elevation, summer temperature 40ºC, xeric conditions) and Shimla (only 200 km
away, but high in the Himalaya, 2200 m, 15ºC, humid). Sharma attributed differences to climate,
but they may have been varietal—Shimla plants, C. himalayensis; and Hoshiarpur plants, C.
indica. However, the Hoshiarpur plants might have been C. afghanica, see our comment below
regarding Turner et al. (1979). Sharma found significant differences in stomate density and
“trichome” density, and less-than-significant differences in “trichome” size (Table S5).
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Table S5. Cystolith comparisons by Sharma (1975)
character
stomates per ocular field (0.152 mm2)
cystolith density:
upper leaf surface
lower leaf surface
cystolith length:
upper leaf surface
lower leaf surface

Hoshiarpur
48.9

Shimla
27.1

63.8/cm2
253.6/cm2

28.3/cm2
133.6/cm2

70.9 µm
134.1 µm

47.3 µm
112.1 µm

In a subsequent publication, Sharma (1979a) revealed the “trichomes” were cystoliths. He
made more comparisons: Plants at Shimla compared to Hoshiarpur were taller, more laxly
branched, grew more vigorously, with larger and bright green leaves. At Shimla, seedlings
emerged in March and bloomed in early June. At Hoshiarpur, seedlings emerged by early
January and achenes ripened in November.
Turner et al. (1979) analyzed 20 populations of wild-type plants growing in northern India,
from the Punjab plains to the Himalaya. Other than achene size, no wild-type traits were
recorded (e.g., elongated base, persistent perianth). It’s hard to tell whether they collected truly
ruderal plants or recent escapes from cultivation. Some extremely high THC+CBN/CBD ratios
(up to 156) suggest at least some accessions were recent escapes. They divided accessions into
two groups: plants above 2000 m (n = 9), or plants below 2000 m altitude (n = 11). In plants
above 2000 m, leaflet L/W ratio 𝑥̅ = 8.80; in plants below 2000 m, leaflet L/W ratio 𝑥̅ = 8.76.
Achene length 𝑥̅ = 2.31 mm for plants above 2000 m, and 𝑥̅ = 2.15 mm for plants below 2000 m.
Achenes from six populations were shipped to Mississippi to conduct a CGE. Curiously,
achenes from two populations shipped to Mississippi were described in India as immature and
lacked achenes. Plants growing in situ in India, compared to the Mississippi garden, were shorter
(mean 1 vs. 2 m tall), with fewer leaflets per leaf (3-5 vs. 5-7), shorter central leaflets (5.9 vs. 8.4
cm), broader central leaflets (0.79 vs. 0.58 cm), and smaller achenes (2.5 vs. 3.2 mm).
De Meijer and Keizer (1996) compared morphological variation in 160 accessions in a CGE,
and provided raw data (de Meijer 1994a), and passport information (de Meijer and van Soest
1992). Their passport data, plus our inspection of voucher specimens (via Hillig, herb. IND),
enabled us to identify three non-hybridized C. indica accessions (891384, 891385, 910972) and
three C. himalayensis accessions (891191, 891192, 891193). We calculated means from this
small data set (Table S6).
Table S6. Comparisons of C. indica and C. indica accessions, from de Meijer (1994a)
character
achene weight (g/1000)
achene length (mm)
abscission zone (rated from 1, always absent;
to 7, conspicuously present
perianth marbling (rated from 1, always absent;
to 7, conspicuously marbled

C. indica

C. himalayensis

12.6
3.80
3.0

11.3
3.77
5.3

statistical
difference
(t-test)
p =0.30
p =0.93
p =0.18

5.6

6.0

p =0.80
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height of mature female plants (cm)
leaflet L/W ratio, central leaflet, node 4
total bast fiber in dried stems (%)
primary bast fiber in dried stems (%)
secondary bast fiber in dried stems (%)
wood (xylem) cell length (μm)
wood in dried stem (%)
time to seed maturity (days)
Meloidogyne hapla egg masses, # per g root weight

224.3
19.0
12.5
12.2
0.57
543.1
64.8
315.0
65.5

258.3
22.7
14.9
13.2
1.67
593.3
64.7
316.7
32.6

p =0.47
p =0.33
p =0.09
p =0.55
p =0.18
p =0.06
p =0.98
p =0.94
p =0.08

Few differences in the two groups approached statistical significance. However, one
accession (Dana, Nepal, 891193) was alternatively labeled wild-type (de Meijer and van Soest
1992) or a domesticated fiber-type (de Meijer 1994a). Omitting that accession, we see greater
differences in achene weight (g/1000): indica 𝑥̅ = 12.6, himalayensis 𝑥̅ = 7.4 (t-test p=0.13);
achene length: indica 𝑥̅ = 3.80 mm, himalayensis 𝑥̅ = 3.45 (t-test p=0.17); abscission zone: indica
𝑥̅ = 3.0; himalayensis 𝑥̅ = 7.0 (t-test p=0.07), and perianth marbling: indica 𝑥̅ = 5.7;
himalayensis 𝑥̅ = 7.0 (t-test p=0.22),
Hillig (2005b) grew 135 accessions in a CGE, and analyzed 34 phenotypic characters. He
grouped accessions into seven biotypes, including “narrow-leaflet drug” (NLD, C. indica herein),
and “C. indica feral” biotype (C. himalayensis herein). Hillig assigned the latter biotype to the
taxon kafiristanica, therefore adopting Small and Cronquist’s kafiristanica concept. Hillig
provided narrative descriptions of the biotypes (Table S7).
Table S7. Morphological differences between NLD biotype (C. indica herein) and “C. indica
feral” biotype (C. himalayensis herein) reported by Hillig (2005b)
character
achenes

C. indica (n = 25)
small to medium in size, tan to dark
brown; perianths variably mottled,
sometimes adherent to achenes.

pistillate
inflorescences
leaves and
leaflets

usually compact

petioles
branching,
height
other
characters

Central leaflets long, lanceolate or
linear-lanceolate; biserrate margins
common, especially southeast Asian
strains.
low width/thickness ratio (≤ 0.95)
lax and moderate to strong on the
lower stem; height usually 1.5 to 2.5
meters
Stem aroma spicy, vegetative, or
candy-like; monoecious plants
frequent.

C. himalayensis (n = 5)
small, dark brown, often constricted at the
base, fall from the plants at maturity,
germinate unevenly; perianths mottled and
adherent to achenes.
elongated and loosely structured
Central leaflets shorter, lanceolate or
oblanceolate; biserrate margins rare.
nearly round in cross-section
lax and usually weak on the lower stem;
height usually 2 to 3 or more meters
Stem aroma weakly vegetative or camphory;
monoecious plants rare.

Hillig’s multivariate clustering procedure (PCA) showed overlap between C. indica and C.
himalayensis accessions. However, canonical analysis segregated C. indica and C. himalayensis.
Seventeen of 34 phenotypic characters showed significant differences (p≤0.05) between C.
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indica and C. himalayensis: Achene length (mm): C. indica, 3.95; C. himalayensis, 3.12. Achene
thickness (mm): C. indica, 2.50; C. himalayensis, 1.89. Stem diameter at base of plant (mm): C.
indica, 11.5; C. himalayensis, 9.5. Central leaflet length (at node 10, mm): C. indica, 178; C.
himalayensis, 133. Petiole width (mm): C. indica, 2.36; C. himalayensis, 2.06. Petiole
width/thickness ratio: C. indica, 0.92; C. himalayensis, 0.98. Number of primary serrations on
central leaflet: C. indica, 39.1; C. himalayensis, 32.3. Number of secondary serrations on central
leaflet: C. indica, 12.4; C. himalayensis, 1.2. Stem length (ground to node 3, mm): C. indica,
221; C. himalayensis, 111.
SF.8. Morphological comparisons, cont.
South Asian C. indica (“Sativa”) and Central Asian C. afghanica (“Indica”)
William Johnson, a surveyor stationed in India, made the first comparison between South
Asian and Central Asian plants. He was the first European in centuries to reach Khotan (i.e.,
Hotan or Hétián, Xīnjiāng Region, China). Johnston (1867) observed, “The plant from which the
charas is extracted is met with in almost every field; it differs slightly from the charas plant
found in India, having broader leaves, and growing to a larger size.”
Henderson and Hume (1873) described plants cultivated in Yarkand, Xīnjiāng Region, that
grew 8–10 ft tall. Henderson labeled at least one herbarium specimen with a new scientific name,
Cannabis sinensis (herb. K). The specimen’s large, dense inflorescence was agglutinated with
trichome exudate. Leaflets were large, up to 120 x 28 mm (L/W = 4.3), broad but not
oblanceolate. Achenes had a light brown mottled perianth, mostly sloughed off; light green in
color with prominent reticulate veination, no protuberant base, 4.5–4.9 mm long (Fig. 3I in main
document).
Frank Meyer, a germplasm collector for the United States Department of Agriculture,
collected achenes from Xīnjiāng Region (USDA 1912). The germplasm was cultivated in
Nevada—the first C. afghanica grown in the USA. Plants matured rapidly (109 days), grew 5-6
feet tall, branched heavily, with large resinous tops that “give off a skunky odor” (Kennedy
1915). A photograph shows densely branching plants with wide-diameter leaflets (Fig. S9).
Figure S9. First Central Asian C. sativa
cultivated in the USA. Photo reproduced
from Kennedy (1915).
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Nikolai I. Vavilov spent five months in Afghanistan. He encountered Afghans cultivating
plants for наши or анаша (nashi or anasha), which he translated as гашиша (gashisha, i.e.,
hashīsh). Vavilov collected germplasm at four locations and sent them to Serebriakova. She grew
the accessions and assessed their morphology (Table S8). Vavilov and Bukinich (1929)
summarized Serebriakova’s opinion, “By all attributes it [Afghani plants cultivated for hashīsh]
is linked directly with the Central Asian cultivated hemp, not with C. indica, which is
distinguished by its small leaves, small achenes, and low height (up to 1 meter).”
Thus it was Serebriakova’s decision to assign domesticated Afghani plants to C. sativa,
based on a faulty concept of C. indica. Describing C. indica as a diminutive plant with small
leaves is clearly erroneous—plants from South Asia are relatively tall with long leaflets.
Serebriakova and Vavilov may not have seen a specimen of C. indica from India. The herbarium
collection at WIR lacks specimens from India, although the LE collection, across town, did have
specimens from India (McPartl., pers. observ., WIR and LE, 2010).
Table S8. Morphological measurements of C. sativa cultivated in Russia, from germplasm
collected in Afghanistan. Table reproduced from Vavilov and Bukinich (1929).
origin

Height (cm)

Herāt
Sheberghān near
Mazar-e-Sharīf
Fayzabad
Gui-Akhen near
Kandahar
mean

134
129

length of
leaves (cm)
15.7
15.8

Number of
leaflets per leaf
9
9

weight per 1000
seeds (gm)
22
18

180
134

20.3
15.1

9
9

22
18

1.44

16.7

9

20

Herbarium specimens of these accessions (herb. WIR) showed dark green leaflets, L/W ratio 4.2
to 6.1, broadly lanceolate to oblanceolate, margins with coarse serrations, with long petioles.
These characteristics are entirely consistent with our concept of C. afghanica.
Serebriakova and Sizov (1940) erected a special proles (race) for Central Asian drug plants,
C. sativa subsp. culta proles asiatica. They described asiatica plants as short, strongly branched,
nearly spherical in shape, leaves with many leaflets, leaflets large and wide, and achenes large.
Within asiatica they recognized three varieties (Table S9). This excessive taxonomic splitting
reflects the classic, anachronistic Russian school of taxonomy (Small 2011).
Table S9. Three varieties of “Narcotic Asiatic Hemp”, C. sativa subsp. culta prol. asiatica, by
Serebriakova and Sizov (1940)
Taxon (not
validly
published)
var.
narcotica

stalks
(length)

leaves

seed size

vegetation cycle

geographical provenance

100-150
cm

large
size

130-150
days

var. narcotica f.

100-150
cm

large size,
broad
9-13 leaflets
large, broad,
yellow-green

large
size

130-150
days

Central Asian Republics,
Azerbaidzhan SSR, Iran,
Afghanistan
Western China
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flavo-viridis
var. subnarcotica

120-150
cm

9-13 leaflets
less large,
9-13 leaflets

less large

130-150
days

Turkmen SSR, Uzbek SSR,
Western China

Serebriakova and Sizov (1940) segregated Indian drug plants into a different species, C.
indica, described as 1.0-1.5 m (rarely 2-3 m), with small with narrow leaves, linear-lanceolate
leaflets; female plants sometimes produce male flowers; female flowers bear “rather large”
stigmas (a trait noted by Small and Naraine (2015a), as the result of insufficient pollination);
achenes small and dark.
David Watson traveled to Kandahar in 1970, and collected germplasm from cultivated plants
with wide-diameter leaflets. He also saw plants with narrow-diameter leaflets, but they grew
spontaneously in ditches (Selgnij, pers. commun., in Clarke 1998). He utilized the germplasm to
breed “Skunk #1”, a hybrid that became widely available in the early 1980s.
Richard Schultes conducted “preliminary field work” in Afghanistan. Schultes et al. (1974)
assigned the name C. indica to the short, broad-leafleted plants he saw in Afghanistan. This
ultimately resulted in the vernacular taxonomy of “Indica” and “Sativa” we see today. Schultes
described and illustrated C. indica growing in Kandahar. The photo caption reads: “Pistillate
plant: source of specimen R. E. Schultes 26505.” This is the herbarium specimen chosen as our
epitype of C. sativa subsp. indica var. afghanica (Fig S10). The plant was an escape, growing
spontaneously in a formerly irrigated field.
Figure S10. Pistillate plant (on left),
source of herbarium specimen
26505 (ECON); photo from
Schultes et al. (1974), courtesy of
the Harvard University Herbaria
and Botany Libraries.

Small and Cronquist (1976) considered the taxonomic system of Serebriakova and Sizov
(1940) a “quasi-formal treatment… and appears to provide a useful, if artificial, guide to
cultivars.” They noted that the Latin names coined by Serebriakova were not validly published,
because the names lacked a Latin diagnosis or description.
Small (1975) analyzed morphological variation in the achenes of 399 herbarium specimens.
He included accessions grown from drug seizures (𝑥̅ =3.91 mm in length, n=39), wild-type
specimens from India and Afghanistan (𝑥̅ =3.21 mm, n=42), and wild-type specimens from
Africa (𝑥̅ =3.90 mm, n=25). Small et al. (1976) examined 232 world-wide accessions cultivated
in a CGE. Their morphological analysis did not include Afghani plants. Clarke (1987) said no
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Afghani accessions were present among herbarium specimens that Small sent to herb. NY. In
fact, Small did cultivate Afghani plants, from achenes obtained in a hashīsh seizure (herbarium
label, McPartl., pers. observ., herb NY, 2009). The Afghani plants did not progress past the
vegetative stage, so Small omitted them from analysis.
Anderson (1974) measured xylem fiber cells (not phloem bast fibers of commerce). He
compared an Afghan plant (the afghanica epitype designated herein) and a ruderal fiber-type
plant from Kansas. Xylem cell length and width in the Afghan plant (0.281 mm and 18.41 µm)
was significantly smaller than the fiber-type plant (0.443 mm and 14.3 µm). De Meijer (1994b)
also measured xylem cell length and width. There was no significant differences between 105
accessions of fiber-type C. sativa (𝑥̅ = 0.534 mm and 31 µm) and three accessions of drug-type
Afghan plants (𝑥̅ = 0.572 mm and 29 µm).
Anderson (1980) compared leaflet morphology in 60 herbarium specimens, grouped into four
plant populations, of which only two concern us here: “C. indica” (drug plants from Afghanistan,
i.e., C. afghanica herein) and “C. sativa SS” (Small-Seeded drug plants from India and Pakistan,
i.e., C. indica herein). He measured four aspects of leaflet morphology, taken from the central
(largest) leaflet: width (W), length (L), L/W ratio (he used W/L, but we inversed it for
consistency with other studies), and distance to the widest point along the entire length (WP/L).
“C. indica” length (mean 117.0 mm) was greater than “C. sativa SS” (78.8 mm), but not
statistically significant. He reported significant differences in the L/W ratio: “C. indica” 5.49,
“C. sativa SS” 10.64. He also found significant differences in the WP/L ratio: “C. indica” 0.565
(oblanceolate), “C. sativa SS” 0.426 (linear-lanceolate). Anderson also reported the number of
leaflets per leaf, but he unfortunately lumped data from “C. sativa SS” and fiber-type C. sativa
(mean 6.35), compared to “C. indica” (mean 8.20).
Clarke (1981) published a superb line drawing of a “Hindu Kush” plant. He gave its
geographic range as Afghanistan and Pakistan. The plants matured early, and produced an acrid
skunk-like smell; shoots 4-6 ft tall, thick, woody, with short internodes; leaves dark green with 59 leaflets, very broad and coarsely serrated; achenes large, round, and dark gray, with some
mottling. Clarke highlighted morphological traits not described previously: Inflorescences
“appear along the entire length of the primary limbs as very resinous leafy balls.” Inflorescences
have a low perigonal bract-to-leaf index, and floral leaves associated with the bracts are liberally
encrusted with capitate-stalked glandular trichomes.
Cherniak (1982) provided 15 photos of Afghani plants. He described Afghani inflorescences
as very compact, heavily laden with resin, and with perigonal bracts larger than “c. sativa
strains.” Plants rarely grew beyond 7-8 ft tall, and their branches seldom extended beyond 2 feet
from the shoot. Shoots and branches were thicker than “c. sativa.” Cherniak’s photos show plants
with broadly obovate leaflets, at least most of them. He noted that Afghani leaves have the
“deepest, darkest green color of all cannabis plants.”
De Meijer and Keizer (1996) compared morphological variation in 160 accessions under
CGE conditions, and provided raw data (de Meijer 1994a). A multivariate clustering method
(PCA) recognized four “plant-use groups”: wild-type populations, fiber cultivars, fiber landraces,
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and drug strains. In the latter group they lumped diverse accessions, such as hybrids (e.g.,
“Skunk #1”, “Four-way”), and accessions of questionable heritage (e.g., “Nederweit”). Passport
data and voucher specimens enabled us to identify three non-hybridized C. indica accessions
(891384, 891385, 910972), and three Afghani accessions (883271, 891201, 891383).
Differences in only four traits approach statistical significance in this small data set. Leaf
L/W ratio: Afghani, 𝑥̅ =3.16; C. indica, 𝑥̅ =4.68 (p=0.015). Achene marbling score: Afghani,
𝑥̅ =3.0 (moderate); C. indica, 𝑥̅ =5.67 (high) (p=0.016). Achene length: Afghani, 𝑥̅ =4.17 mm; C.
indica, 𝑥̅ =3.80 (p=0.106). Xylem cell length: Afghani, 𝑥̅ =0.591 mm; C. indica, 𝑥̅ =0.548 mm (ttest p=0.090).
Hillig (2005b) compared 135 Cannabis accessions under CGE conditions, and scored them
for 34 phenotypic characters. He grouped accessions into seven biotypes, including “narrowleaflet drug” (NLD, C. indica herein, n=25), and “wide-leaflet drug” (WLD, C. afghanica herein,
n=10). In his PCA scatterplot, ellipses encircling NLD and WLD accessions slightly overlapped.
In his canonical analysis, the ellipses separated clearly.
Twenty-four of the 34 phenotypic characters showed significant differences between WLD
and NLD accessions (p≤0.05). Here are some prominent ones: Height (m): WLD, 1.67; NLD,
2.53. Internode length, nodes 3 to 10 (mm): WLD, 109; NLD, 151. Leaflet length, node 7 (mm):
WLD, 171; NLD, 188. Leaflet ratio (L/W) node 10: WLD, 4.55; NLD, 6.67. L/W node 7: WLD,
3.85; NLD, 5.88. L/W node 3: WLD, 2.56; NLD, 4.17. Leaf shape (WP/L ratio): WLD, 0.54;
NLD, 0.49. Petiole length at node 10 (mm): WLD, 110; NLD, 77. Petiole width (mm): WLD,
2.74; NLD, 2.36. Petiole roundness in cross-section (width/thickness ratio): WLD, 0.97; NLD,
0.92. Number of primary serrations, node 10: WLD, 32.0; NLD, 39.1. Number of secondary
serrations (i.e, biserrate subdivisions), node 10: WLD, 0.4; NLD, 12.4. Achene length (mm):
WLD, 4.40; NLD, 3.95. Achene thickness (mm): WLD, 2.97; NLD, 2.50.
Hillig analyzed Afghani germplasm collected in the 1980s and 1990s. He commented, “Not
everything from Afghanistan is Afghani” (Hillig, pers. commun., 2006). This is true regarding
herbarium specimens from Afghanistan. Some resemble C. indica (or its wild-type C.
himalayensis), rather than C. afghanica (or its wild-type C. asperrima). William Griffith
collected “Cannabis” (no species name) near Jegdalek, between Kabul and Jalalabad (Griffith
1847). One of his herbarium specimens has narrow leaflets (L/W = 9 to 11), a male plant
(“Affghanistan,” no location, Griffith, K). Another has broad leaflets (L/W 3.5 to 5) and wildtype achenes (No location, “Herbarium of the late East India Company,” Griffith 4686, K). Some
Vavilov specimens collected in the heart of C. afghanica territory represent intermediate forms
between C. indica and C. afghanica (see list of herbarium specimens).
SF8. Morphological comparisons, cont.
Central Asian C. afghanica (domesticated) and C. asperrima (wild-type)
Wild-type C. asperrima has been collected from Kyrgystan, Kazakhstan, Afghanistan,
Uzbekistan, Tajikistan, and Xīnjiāng Region (Fig. 7 in main document). We present brief
histories of Cannabis in these regions, which provide inferential data regarding the origin of
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cultivated plants that may have de-domesticated into wild-type plants. Early historical accounts
also provide data regarding the geographic range of C. afghanica and C. asperrima.
Kyrgyzstan
The Kyrgyz people became Islamicized in the 1630s and 1680s, and a fossil pollen study
near Issyk Kul shows a surge of Cannabis pollen about a century later (Beer and Tinner 2005).
Levitov (1909) stated that Kyrgyz people smoked нашу (nasha). UN-ODC (2008) noted that
wild-type plants in two regions had relatively high THC content: in Issyk-Kul (where botanists
collected asperrima) and in Jalal-Abad (part of the Ferghāna Valley, a center of 19th century
hashīsh production). Farmers in the Issyk-Kul region have supplemented their income by handrubbing hashīsh from wild-type plants (Botoeva 2015).
Eduard Regel assigned the name C. sativa γ0 asperrima to plants collected near Lake IssykKul. His brief description is translated in section SF.6. The plants were collected by his son, and
two specimens exist herb. LE. The plants are short (75-90 cm) and branchy, with relatively large
inflorescences, dense with glandular trichomes. The specimens were not adequately pressed, and
poorly preserved—leaflets are shriveled, fragmented, and difficult to measure (Fig. 6A in main
document). The achenes are small (2.8-3.3 mm long), with an elongated base, and a mottled
perianth (Fig. 3J in main document).
After Regel coined asperrima, reports of wild-type growth near Lake Issyk-Kul were
published by Krassnoff (1887) and Roborovsky (1890). Two herbarium specimens by Krassnoff
were collected at Karakol (“Przhevalsky”) and Uital (destroyed by earthquake in 1889). Both
plants have broad leaflets (up to L/W = 4.1). The Karakol plant is male, the Uital plant is female,
with a fairly dense inflorescence, achenes are immature but with a persistent perianth,
protuberant base, 3.0 mm long (herb. LE). Roborovsky’s specimen came from Barskoünski Pass,
southeast of Issyk-Kul. The plant is stunted (30 cm tall), with little branching; leaflets are dark
and broad (up to L/W = 3.0), a male specimen (herb. LE).
Kazakhstan
Peter Simon Pallas explored Siberia between 1768 and 1774, and penetrated Kazakhstan near
Semipalatinsk (now Semey), where he found “many wild hemp” (Pallas 1794). We have seen
three of Pallas’s herbarium specimens (herb. LE, BM). They have no annotated locations, and
lack asperrima morphology. In Siberia bordering Kazakhstan, Pallas (1794) wrote about
indigenous people and Russian colonists growing fiber-type hemp.
Siberia is clearly out of asperrima range. Small and Cronquist (1976) classified Siberian
hemp under C. sativa subsp. sativa, either domesticated or wild-types. They included Siberian
plants from the Altai Mountains. Hillig (2005a) analyzed four wild-type accessions obtained
from the Central Siberian Botanical Garden (including one from the Altai). In a PCA scatterplot
of genetic variation, the wild-types overlapped with accessions of domesticated fiber-type plants
from Siberia (Tyumen) and European Russia (Kirov, Perm, Mari).
Karelin and Kiriloff collected wild-type plants in Kazakhstan, from 1840 to 1845, and
distributed excissati specimens to herbaria worldwide. Printed labels on their excissati read, “In
pratensibus ad fl. Irtysch frequens [frequently in meadows near Irtysch River], nec non in deserti
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Soongoro-Kirghisici [and certainly on the Kirghiz steppe], arenosis ad lacum Noor-Saissan
[growing on sand near Lake Zaysan].” These lines were lifted by De Candolle (1883) when he
described the native range of C. sativa.
Karelin and Kiriloff’s excissati specimens (herb. LE, BM, K, NY) vary in morphology, from
small stunted plants to large plants with robust inflorescences—they were collected in different
locations. They are largely consistent with naturalized C. sativa; fiber-type hemp was cultivated
in Kazakhstan. Russians founded Orenburg near the border of Kazakhstan, and began cultivating
hemp (Nartov 1767). Russians settled East Kazakhstan by at least the 1850s (Semenov 1998),
and by 1881 they produced 53 tons of hemp fiber in the region (Lansdell 1885).
The mountains in southern Almaty Region, near the Kyrgystan border, harbored populations
of C. asperrima. Pyotr P. Semenov collected wild-type plants in Trans-Ili Alatau, near its
southeastern edge, as he climbed north from the Chilik River (Semenov 1998). His herbarium
specimen (herb. LE) is annotated “4000-7000 ft.” The specimen is a stunted plant, 35 cm tall,
very branchy, with dense inflorescences. Leaflets are small, broad (L/W = 3.9), oblanceolate,
with coarse serrations, and dark green colored. Achenes have a protuberant base, a mottled and
persistent perianth (Fig. 3L in main document), 3.0–3.2 mm long. Other specimens from the
Trans-Ili Alatau also exhibit asperrima morphology (see list of herbarium specimens).
To the west of Almaty Region lies the Chuy Valley, a huge refuge for wild-type Cannabis.
The weed is psychoactive; illicit harvesting began in the 1960s, and authorities began eradicating
it in the 1970s (Nikitin 2014). Estimates of THC content vary, usually around 1% (see section
SF.9). Reported acreage in the Chuy Valley varies from 125,000 ha (Tiourebaev et al. 2001) to
400,000 ha (Seshata 2014a). Seshata claimed that local authorities discovered “Indian hemp”
cultivated in Chuy Valley by 1926, and the wild hemp is a hybrid between local landraces and
imported germplasm. Kazakh researchers referred to the plants as “C. sativa var. afghan”
(Anonymous 1994).
Wild-type plants in Chuy have introgressed with fiber-type hemp. Russians established the
Chuy Bast Crops Experiment Station on the outskirts of Bishkek in 1932. They grew Italian
hemp (L’dov 1933, Belotsky 1936) and Japanese hemp (Anonymous 1963). Many herbarium
specimens from the Chuy Valley consist of either fiber-type hemp, or wild-type plants consistent
with naturalized fiber-type hemp. One specimen is labeled “Japanese hemp” (Jambyl Region,
Georgievskoe State Farm, Cherniakovskaya 1937 (LE)).
Afghanistan
“Afghanistan has the oldest hashīsh culture still in existence today” (Clarke 1998). Perhaps
the oldest record of Cannabis in Afghanistan is a poem written in Herāt in the 1430s, Bang-u
chagir, “Bhāng and wine” (Roxburgh 2005).
After Vavilov blazed a trail through Kāfiristān (now Nuristān), several groups followed. A
German expedition travelled there in 1935, and returned with germplasm of plants with dense
branching and small achenes. Hoffmann (1961) said they were consistent with Vavilov’s
afghanica description. A Danish team went to Nuristān in 1956. They collected two C. sativa
specimens, at “the edge of an irrigation ditch near Tshaghan Serai, lower Pech valley at the
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mouth, about 820 m, and one by Mühlbach at Barikot, 850 m” (Gilli 1963). “Tshaghan Serai” is
Asadābād, and Barikot is near the Bashgal River, where it joins the Kunar River. Mühlbach’s
research was cited in an Afghanistan vegetation survey; of six surveyed sites across Afghanistan,
Barikot was the only location with wild-type C. sativa (Ceška and Roemer 1971).
The 1965 Chicago Field Museum Expedition reported C. sativa growing near “Chigha-Sarai”
(Asadābād), and along watercourses near Kāmdēsh in Nuristān (Hassinger 1968). Janice Street
collected three specimens in Kāmdēsh. The plants are small (they fit on herbarium sheets) and
branchy; inflorescences are small and relatively loose, with ample glandular trichomes, even on
floral leaves. Leaves are dark green, with 5-7 leaflets; leaflets medium sized, up to 85 x 19 (L/W
= 4.5), rarely oblanceolate in shape. Achenes have an olive-brown mottled perianth; achenes are
small (𝑥̅ = 2.75 mm, range 2.3–3.0), with a protuberant base.
Four years later, Tom Hewer, a British medical professor, collected Cannabis at Kāmdēsh.
The label on his herbarium specimen (herb. LE) reads, “One of the commonest ‘weeds’ grows
everywhere.” The specimen is small (fits on the herbarium sheet), with broad, overlapping
oblanceolate leaflets, a male plant. A French expedition in Nuristān described wild C. sativa in
the middle Kunar River valley around Asadābād. In the Bashgal River valley (between Kāmdēsh
and Barikot), “it sometimes forms almost pure populations on the slopes along the road” (Hayon
et al. 1970).
Small (1975) examined Janice Street’s specimens in 1975, and annotated them as C. sativa
subsp. indica var. kafirsistanica. He photographed an achene from Street’s collection. We
provide a photo from the same Street specimen (Fig. 3K in main document). Small and
Cronquist (1976) assigned all drug-type plants with wild-type traits to the taxon C. sativa subsp.
indica var. kafiristanica. They included accessions from Afghanistan, the Himalaya, China, and
naturalized plants that re-acquired wild-type traits in South Africa and Columbia.
Breckle and Koch (1982) published “Afghan drugs and their ancestral plants,” based on their
field work. Wild-type plants grew along roadsides and streams in Nuristān, Badakhshān, and
Pakyā provinces, and rarely elsewhere in Afghanistan. A close-up photograph of plants near
Kandahar shows dark-covered leaves with broad, oblanceolate leaflets. A plant near Nuristān has
lighter-colored leaves, whose leaflets are narrower. Plants in Kabul and Helmand are farther
away in the photos; they are bushy and <1 m tall. The photos are reproduced in Breckle and
Rafiqpoor (2010), who describe Cannabis as “an extremely polymorphic species.”
Uzbekistan
Uzbekistan has a tradition of both fiber- and drug-type Cannabis. An Arab geographer
mentioned Samarqand as a source of hemp paper and rope in 982 CE (Levi and Sela 2010). Two
years later, Al-Muqaddasī (1994) mentioned hemp rope exported from Bukhārā and Samarqand.
In the 1660s, three French travelers in Persia described “Uzbeks” visiting Isfahān, and
smoking charas—(i.e., sieved hashīsh)—the first people in recorded history to smoke Cannabis,
rather than eat it. Du Mans wrote in 1660, “Uzbeks, people of minor Tartary” taught Persians
how to smoke “leaves of hemp seed” (Du Mans 1890). Persians, in contrast, still drank bhāng.
Tavernier (1676) said Uzbeks introduced tchouhersse (chars or charas) into Isfahān. Chardin
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(1686) wrote, “The Uzbeks have found out a way to take the smoke of that [hemp] seed, mixed
with tobacco; and they have brought the mode of it into Persia.”
An ambiguous account suggests earlier Uzbek hashīsh usage: Bukhārā was the largest city in
Central Asia until Genghis Khan destroyed it in 1218. Bukhārān refugees fled west, ahead of
Mongol armies, where the Damascus cleric Ibn Taymīyah (1263-1328) wrote, “About the time
of the appearance of the Tatars [Mongols], hashīsh went forth, and with it went forth the sword
of the Tatars” (Rosenthal 1971).
The Russian explorer Falck (1786a) reported that wilder hampf, C. sativa, grew in Bukhārā
and “Soongaria” (Dzungaria). Falck (1786b) said Bukhārāns grew some Cannabis for rope, “and
particularly for the intoxicating female flowers (bang).” Tax collectors in British India monitored
charas coming from the Khanate of Bukhārā (Postans 1841, Davies 1862). The Russians invaded
Bukhārā in 1866. They criticized nasha cultivation and consumption (Grebenkin 1872,
Brodovskogo 1872, Fedchenko 1875), and completely suppressed its production (Clarke 1998).
Suppression is supported by fossil pollen studies, which show a decrease in Cannabis pollen
after the 1870s (Beer and Tinner 2005, Beer 2007).
Herbarium specimens from Uzbekistan vary in morphology. They run a gamut from
domesticated afghanica, through intermediate forms, to wild-type asperrima (see list of
herbarium specimens). Seshata (2014b) wrote, “C. indica sp. afghanica is the type that is
dominant in Uzbekistan; it is thought to have evolved in the region straddling southern
Uzbekistan, Tajikistan and northern Afghanistan… It differs from the type found in northern
India, Pakistan and Nepal—this type (C. indica sp indica) actually has narrow leaves.”
Tajikistan
Tajikistan’s main ethnic group, the Tajiks, live in the Ferghāna Valley and upper Zeravshān
River of Sughd Province. The Pamiri people live in the Pamir Mountains of Gorno-Badakhshan
Region. Camp (1936) proposed that Cannabis evolved in the Pamir Mountains.
The Tajiks trace their ancestry to Sogdians; Sughd Province is a corruption of Sogdiana. The
Sogdians may have descended from the Scythians (Szemerényi 1980). The Sogdian word for
hemp, kynp’, resembles the Scythian word *kanap (Witzel 2006). The Zeravshān River in
Tajikistan flows into Samarqand and Bukhārā in Uzbekistan, which were originally Sogdian
cities, conquered by Turkic Uzbeks.
In the Tajiki language, nasha (naša) means hashīsh or marijuana. Nasha has an identical
meaning in the Uzbek language (Central Asian Heritage Group 2005). Tajiki is an Iranian
language and Uzbek is a Turkic language, so a loan occurred one direction or the other. SteblinKamensky (1982) connected Tajik nasha with the older Middle Persian word šan, “hemp.” This
suggests the loan went from Tajiki to Uzbek. The Tajiks—an agricultural people—likely
introduced the word nasha, as well as nasha itself, to the Uzbeks—a nomadic people.
French travelers in Isfahān who described “Uzbeks” smoking in the 1600s may have
confused Tajiks for Uzbeks. The “Uzbeks” in Isfahān were diplomates from Bukhārā, and most
of the administrators in Bukhārā were Tajiks (Subtelny 1994). Tajiks and not Uzbeks were the
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big smokers in Bukhārā, as documented by Russian authors (Grebenkin 1872, Rosen 1896,
Ostroumov 1896).
The Russians invaded Tajikistan, and wrote about nasha in the Ferghāna Valley (Middendorf
1882, Kushelevskiĭ 1891). Muminjanov (2008) listed Cannabis as an “indigenous” crop in
Tajikistan, specifically C. indica, curiously designated a “fiber crop.” Vavilov nearly made that
mistake when he explored the Pamirs in 1916, “In some villages there are stands of hemp among
the fields of cotton and along the fences. At first I thought that this hemp was used for twine.
Later it became evident that the hemp was sown to obtain hashīsh” (Vavilov 1997).
Schultes et al. (1974) erroneously equated C. ruderalis with an herbarium specimen from
Tajikistan, collected by Ul’ianova in 1969. The plants are small and stunted (three fit on an
herbarium sheet), unbranched or branched; inflorescences small and loose; leaflets small, up to
40 x 12 mm (L/W = 3.3), slightly oblanceolate. Achenes have a light brown mottled persistent
perianth; they are small, 3.0 mm long, with a broad protuberant base (herb. ECON). This
morphology is inconsistent with Janischevsky’s taxon, and more consistent with C. asperrima.
Ul’ianova collected his specimen in Sughd Province. Other herbarium specimens consistent
with C. asperrima come from Sughd Province or Gorno-Badakhshan Region. A specimen
lacking wild-type traits, consistent with C. afghanica, was also collected in Sughd (see list of
herbarium specimens).
Xīnjiāng Region
According to Flora of China, “native or naturalized” populations of C. sativa in China are
limited to Xīnjiāng Region (Zhou and Bartholomew 2003). Flora of China omitted mention of
wild-type growth elsewhere in China, whereas Yu (2013) and Zhang et al. (2018b) included the
Tibetan Plateau. Clarke (1999) and Zhang et al. (2018b) included Yúnnán.
The topography of Xīnjiāng can be described as “three mountains and three basins” (Fig.
S11). The mountains from north to south are the Altai, Tiān Shān, and Kūnlún. The Tiān Shān
separates the Dzungaria and Turpan basins (in the north) from the Tarim Basin (in the south).
The Kūnlún separates the Tarim from Tibet.
Figure S11. Xīnjiāng topographical map.
The black line separates Dzungaria and
Turpan basins from Tarim Basin. Red areas
demarcate regions with wild-type C. sativa
from Fu (2000). Base map courtesy of
Wikipedia Commons.
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In Higher Plants of China (Fu 2000), a plant distribution map showed that most wild-type
Cannabis grew in Dzungaria: the Yīníng Basin (upper Ili River Valley), Altai Mountains (north
of Altay), Irtysh River Basin (west of Altay), the Tarbagatai range near Qoqek (Tǎchéng), the
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Ürümqi oasis, and the steppe south of Karamay (Fig. S11). The Tarim and Turpan basins are
mostly desert, and wild-type Cannabis was limited to a patch between Kāšḡar and Aksu.
Tombs at Yánghǎi and Jiāyī in the Turpan Basin show unique evidence of cannabis drug use,
with a calibrated age range of 800-520 BCE. Whether the plants were domesticated (C.
afghanica) or wild-type (C. asperrima) is difficult to discern from photographs of achene
morphology (Table S3).
Jiang et al. (2006) discovered Cannabis in a tomb in Yánghǎi. The leaves were reduced to
fragments, which limited morphological data; petioles were furrowed, 5.4-15.4 mm in length;
bracts were covered with cystolith trichomes and glandular trichomes, either sessile (80%) or
stalked (20%); the gland head were very small (diameter 𝑥̅ = 37.4 µm). In a tomb at Jiāyī, the
occupant was interred with a bundle of 13 female Cannabis plants laid atop him, like a shroud
(Jiang et al. 2016). The plants were compressed and broken; petioles measured 3.7 to 23.6 mm
long. Leaflets had coarsely serrated margins and acuminate tips. One nearly-intact leaflet showed
a broadly lanceolate shape, possibly oblanceolate, but the tip is missing. Accounting for the
missing tip, L/W = 4.6 can be estimated.
Muslim Uyghurs in the Tarim Basin were (and still are) nasha smokers. Nasha likely spread
to the Tarim, along with Islam, from Samarqand and Bukhārā. According to Tārīkh-i-Rashīdī,
written in the 1540s, when Pīr Muḥammad Barlās of Samarqand was appointed Governor of
Kāšḡar in 1448, the people of Kāšḡar gave him the nickname Bangí (Mirza Muhammad Haidar
1898). Forsyth (1875) explained the nickname, “from his constant intoxication by the drug called
bang.” A Sūfī from Bukhārā named Ahmad Kāsānī (1462–1542) spread the Naqshbandī order to
Kashgaria (Babadijanov 1999). The followers of Kāsānī’s grandson, Āfāq Khwāja, were nasha
smokers (Waite 2006).
Tons of nasha from Kāšḡar and Yarkand were shipped to British India through the 1800s
until 1934. Between 1837 and 1839 alone, the amount of nasha exported from Yarkand
increased from 8020 kg to 8990 kg (Cunningham 1844). Herbarium specimens from the Tarim
and Turpan basins usually represent afghanica, or wild-type asperrima (see list of herbarium
specimens).
Dzungaria, in contrast to the Tarim Basin, has a recent history of fiber-type hemp cultivation.
Chinese troops conquered Dzungaria in 1755-1758. The economist Lù Fú'ēn called for
colonizing Dzungaria with Chinese farmers in 1840, so that “mulberry and hemp [can] cover the
countryside” (Lavelle 2012). Petzholdt (1874) mentioned hemp in Dzungaria, and Vámbéry
(1874) reported a paper-making industry in Kuldja (i.e., Yīníng). Lansdell (1885) also mentioned
a paper factory in Kuldja that used hemp. In 1890 Katanov saw hemp crops near Ürümchi, “The
Chinese produce oil from hemp and sesame” (Martynov and Martynova 2015). C. sativa was
cultivated in the “Chinese town” of Sharasume, present-day Altay, and wild-type plants grew
nearby (Price and Simpson 1913); their herbarium specimen is a robust fiber-type plant, with
narrow leaflets and small achenes (Sharasume, Price, 1910, K).
Herbarium specimens from Dzungaria often resemble Siberian hemp, similar to specimens
collected in the Altai and Irtysh Basin in northeastern Kazakhstan. Examples include: Altay
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Prefecture, Qinghe County, Qin Renchang, 1956 (PE 00557980); Altay Prefecture, Fuhai
County, Dong Ailing, 1996 (PE 00761677); Tacheng Prefecture, Yumin County, Lin Yourun,
1974 (PE 00557981); Bortala Prefecture, Bole City, Guan Kezhen, 1957 (PE 00557993); Changji
Hui Prefecture, Manas County, Guan Kezhen, 1957 (PE 00557989); Ili Prefecture, Gongliu
County, Lin Yourun, 1974 (PE 00557987); Ili Prefecture, Altay City, Chen Jiarui, 1986 (PE
19860825); Ili Prefecture, Huocheng County, Yang Wei, 1989 (PE 00761676).
Some specimens collected in the Tiān Shān mountains of southern Dzungaria are more
consistent with wild-type asperrima (see list of herbarium specimens). Vavilov (1931) stated “C.
sativa var. spontanea is a very common plant in northern Tiān Shān, especially on north-facing
slopes and valleys.” The map of his expedition indicates he was in the Dzungarian Alatau. An
herbarium specimen collected on north-facing slopes of the Dzungarian Alatau 60 years later
was consistent with C. asperrima (Fig. S12).
Figure S12. Herbarium specimen
collected in the Dzungarian Alatau by
Morefield in 1989 (GH).

Tibetan Plateau
The Tibetan Plateau, with a mean altitude of three miles, is surrounded by mountain ranges
that are even higher. Tibetan people, native to the Tibetan Plateau, speak Tibetic languages.
There are three main dialects, spoken in three Tibet provinces, now divided into administrative
areas within China: 1. The Ü-Tsang dialect corresponds to present-day Tibet Autonomous
Region (officially Xīzàng Region). 2. Amdo corresponds to Qīnghǎi Province. 3. Kham is
divided between eastern Xīzàng Region and western Sìchuān Province, with small pockets in
Qīnghǎi and Yúnnán provinces.
Cannabis in the Tibetan Plateau has not received much attention, ironically, because
Cannabis evolved in either northeastern Amdo (McPartland et al. 2019) or southeastern Kham
(Zhang et al. 2018b). Agriculture began early in Amdo (Qīnghǎi), which encompasses the upper
reaches of the Yellow River. Cannabis achenes have been recovered from Bronze Age Qíjiā
Culture sites in eastern Qīnghǎi (Zhang 2013, Yang 2014).
Wild-type populations in the Tibetan Plateau may represent indigenous populations, or
naturalized escapes of East Asian (Chinese) hemp. Yu (2013) reports wild-type populations
along the banks of the Cháyú and Bōmì rivers (tributaries of the Brahmaputra River, in Kham),
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and along the Jīnshājiāng (upper Yangtze River, the eastern border of Kham). Zhang et al.
(2018b) genotyped wild-type populations from undisclosed locations in Tibet and Qīnghǎi.
Tibetan plants shared haplotypes with accessions from Yúnnán, Inner Mongolia, and Xīnjiāng.
Qīnghǎi plants shared haplotypes with accessions from the same places, plus a unique haplotype.
Most herbarium specimens from Tibet resemble East Asian hemp (domesticated or wildtype), or their stunted morphology cannot be characterized. Examples include: Tibet, Hasora
Province, Schlagintweit, 1856 (GW). Tibet, Nyingchi, Kongbo, Shoga Dzong, 10,500 ft, Ludlow
et al. 1947 (BM). Tibet, Nyingchi, Bayi town, Boufford, 2000 (GH). Tibet, west of Latung,
10,000 ft, Chapman, 1936 (K). Tibet, near Lhasa, Chakzam Bridge, Walton, 1904 (K). Tibet,
Chayu County, near Xiachuan, FLPH Tibet Expedition, 2012 (PE 01967717).
One herbarium specimen resembles South Asian Cannabis (Xīzàng Region, Chumbi Valley,
Rolunoo Lepcha 1912, GH). Unlike the rest of the Tibet, the Chumbi Valley lies on the south
side of the Himalaya, tucked between Sikkim and Bhutan. Exploring near Gyantse, north of the
Chumbi Valley, Waddell (1905) described “Rank plants of Indian hemp, 6 feet high, and thorn
apple grew luxuriantly amongst the tall docks and nettles in neglected corners.” He records the
altitude as 12,000 feet above sea level, but Gyantse is actually 3977 m (13,050 ft). Either way,
this holds the record for the highest Cannabis in the world.
SF.9. Phytochemical comparisons
South Asian C. indica versus Central Asian C. afghanica
Before analytical instrumentation existed, the unique qualities of Central Asian cannabis
products were noted by explorers in that region:
• Chardin (1686) said that bueng in Persia [Central Asia] was stronger than bueng in India
[South Asia], but Persians may have added opium and nux vomica to their bueng.
• Elliot (1845) wrote, “The charas of Bokhara [Central Asia] is most admired, and fetches
double the price of the country product [of British India].”
• According to Royle (1847), “The churrus of the Himalayas is much esteemed, that of Herat
[Afghanistan] and Yarkund [Xīnjiāng Region] still more so.”
• Vámbéry (1868), a British-Hungarian explorer who travelled widely between 1858 and 1864,
stated that Egyptian hashīsh and drugs in Constantinople and Persia were “nothing in
comparison with the bengis of Central Asia.”
• Valikhanov (1865), a Russian-Kazakh explorer who travelled throughout Central Asia
between 1847 and 1865, wrote that Kāšgar (Xīnjiāng Region) was “celebrated for the nasha
it produces.”
• Masson (1844) described what now seems equivalent to the alleged “couchlock” quality of
Afghani cannabis. While journeying from Afghanistan (Central Asia) to Balochistan (South
Asia), his group encountered a roadblock of Balochi bandits. “The Afghans waggishly filled
the chillam with [Afghani] chirs, and the Balochis, unaccustomed thereto, as if by
enchantment, fell asleep.
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Hooper (1908) made an early analytical comparison of charas from South Asia and Central
Asia. He used “percent resin” as a proxy for cannabinoids, and “volatile percentage” as a
measure of terpenoid content (Table S10). Means calculated from Hooper’s data show that
“percent resin” in Central Asian samples was significantly greater than South Asia samples
(unpaired t test, p = 0.02). Of course, several variables may explain this difference—source
plants, manufacturing methods (sieved vs. rubbed charas), time in storage, and adulteration.
Table S10. Resin percentage (~cannabinoids) and volatile percentage (~terpenoids) extracted
from charas samples with provenance from either Central Asia or South Asia (Hooper 1908).
Central Asian provenance
source
resin %
volatiles %
Kāšḡar No. 3
48.1
12.0
Amistar “M”-1
46.5
3.6
Amistar “M”-2
42.7
5.8
Deli dust R1
42.6
4.3
Deli dust 12as
42.4
4.0
Deli Mashak
41.1
7.4
Kāšḡar No. 2
40.9
12.4
Kāšḡar No. 1
40.2
12.7
Yarkhand

40.0

6.5

Amistar Bhara
Bombay

38.1
36.1

6.4
4.6

𝑥̅ , SD

41.7 ±3.42

7.25 ±3.49

South Asian provenance
source
resin %
volatiles %
Nepal
44.6
5.6
Nepal “Shah”
44.4
4.2
Gwalior
43.3
3.1
Garhwal
41.9
7.7
Simla
37.0
9.4
Almora
36.9
7.5
Kumaon (cult.)
34.2
7.5
Baluchistan
26.0
9.3
No. 2, 1905
Baluchistan
24.9
10.5
No. 3, 1905
Kumaon (wild)
22.3
9.1
Baluchistan
22.0
7.2
No. 1, 1905
34.3 ±9.02 7.37 ±2.29
𝑥̅ , SD

A pair of Eli Lilly pharmacologists, Eckler and Miller (1912), may have compared South
Asia and Central Asia germplasm in the dog ataxia test. They obtained germplasm from British
India, which included present-day India (South Asia) and Pakistan (sometimes included in
Central Asia). The germplasm yielded two phenotypes. One consisted of short (1-2 feet tall),
early-maturing plants with heavy, compact, leafless, and resinous pistillate flower clusters
(which suggests a Central Asian phenotype). The other consisted of taller (3-7 feet tall), latermaturing plants with smaller inflorescences (which suggests a South Asian phenotype).
Physiological potency was gauged against a commercial extract of C. indica cultivated in British
India, with a potency standardized as 100%. Tall plants were more potent than short plants, 50%
and 40% respectively.
SF.9. Phytochemical comparisons, cont.
THC/CBD ratios in the four varieties
Hillig and Mahlberg (2004) conducted the only CGE that measured cannabinoid content in
significant number of accessions from all four varieties (Table S11). They analyzed 253
individual plants from 96 accessions. Means for each accession were obtained from individual
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plants (two or three plants per accession). In contrast, previous researchers quantified
cannabinoid content within each accession by mixing bulked samples for a single measurement.
Hillig and Mahlberg conducted a CGE with accessions collected in the 1970s-1990s, and did
their best to remove hybridized accessions from their studies. Inspecting their voucher specimens
(at herb. IND), however, indicates that a few hybrids snuck into their analysis. For
instrumentation they used capillary GC-FIDs, with elution peaks and retention times calibrated
with standards for THC, CBD, CBC, and CBG.
Table S11. Some results by Hillig and Mahlberg (2004), means not connected by the same
letter are significantly different using Student’s t test (P ≤0.05). THC/CBD ratios calculated from
their data are added to the bottom row.
WLD biotype
C. afghanica
THC
CBD
THC+CBD
THCV+CBDV
CBG
CBC
CBGM
THC/CBD ratio

n = 40

NLD biotype
C. indica
n = 68

C. indica feral
C. himalayensis
n =14

East Asian
hemp
n =45

European
hemp
n =62

6.49%,a
1.21%,c
7.70%a
0.14%,bc
0.19%,ab
0.17%,b
0.02%,b
5.36

5.48%,a
0.02%,d
5.50%,b
0.25%,b
0.24%,a
0.19%,b
0.01%,c
274.0

3.04%,b
1.95%,bc
4.99%,bc
0.90%,a
0.22%,ab
0.18%,ab
0.00%,c
1.56

3.54%,b
1.43%,bc
4.97%,bc
0.19%,b
0.18%,ab
0.34%,a
0.05%,a
2.48

1.16%,c
4.01%,a
5.17%,bc
0.05%,c
0.14%,b
0.18%,b
0.01%,bc
0.29

C. afghanica
Several studies included accessions from Central Asia (C. afghanica herein) that predated the
rise of widespread hybridization. Study numbers 1-13 (in unitalicized red) were applied to Fig. 2
in the main document.
1. Jenkins and Patterson (1973) used GC-FIDS to measure THC+CBN/CBD in seizures of
Afghani resin, n=4, THC/CBD ratio 𝑥̅ = 1.84 ±0.258 SEM (range 1.21 to 2.46). Resin from
Pakistan may have been of Afghani origin (n = 19, 𝑥̅ =1.07), which departed from their ratios
reported from South Africa, Jamaica, and Nigeria (𝑥̅ =10.8, 10.0, and 9.7, respectively).
2. Holley et al. (1975) used GC-FID with silyation to remove CBC from THC/CBD. They
conducted a CME in Mississippi, but note “some cross-pollination has occurred.” Afghanistan B
(𝑥̅ of female and male, 0.94), Afghanistan B1 (𝑥̅ of female and male, 5.79), total 𝑥̅ = 3.37.
3. Coffman and Genter (1975) used GC-FID with silyation to remove CBC from
THC+CBN/CBD. They conducted a CME in Maryland with a single Afghanistan accession
grown in 11 different soil types, 𝑥̅ = 3.0 ±0.48 SEM (range 1.1 to 6.1).
4. Mobarak et al. (1978) used GC-MS to analyze hashīsh from “Kandeh in Petschtal, 1300 m
a.s.l.” That would be Kandai, Pech River valley, central Nuristān, Afghanistan. They report a
THC+CBN/CBD ratio of 1.93.
5. Idilbi et al. (1985) used GC/FTIR to measure cannabinoids in a number of drug samples,
including two from Afghanistan, with THC/CBD ratios of 1.8 and 1.9.
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6. Martone and Della Casa (1990) used GC-FID to analyse THC+CBN/CBD in hashīsh
seizures: Afghanistan (2.78), Pakistan (1.00), India (3.07), Iran (4.03).
7. De Meijer et al. (1992) used GC-FID to analyse THC/CBD in 97 accessions in a CGE in
Holland, and provided raw data (de Meijer 1994a). As mentioned previously, passport data and
voucher specimens enabled us to identify three Afghani accessions: 883271, ratio 0.72; 891201,
ratio 1.40; 891383, ratio 5.12; 𝑥̅ = 2.41.
8. Zhang and He (1992) used GC/MS to analyse nine seized samples from the western Tarim
Basin in Xīnjiāng (Hotan, Kāšḡar, Kizilsu prefectures). There’s appreciable CBN and ∆8-THC
content. They reported cannabinoids as percentages of total cannabinoid content. The mean ∆9THC+∆8-THC+CBN/CBD ratio = 0.73 ±0.10, range 0.25 to 1.32.
9. Liu and Shang (1992) used GC-FID to analyze five Cannabis plants from Ürümqi, the
capital of Xīnjiāng Region. They report peak sizes, rather than w/w percentages. The mean
THC+CBN/CBD peak size ratio was 1.94.
10. Cao et al. (1993) used GC-FID to analyse two seized samples from Korla, the second
largest city in Xīnjiāng Region. They report peak sizes, rather than w/w percentages. The
THC+CBN/CBD peak size ratios were 1.26 and 1.08.
11. Hillig and Mahlberg (2004) used GC-FID to analyze 40 WLD accessions, and report
means of THC 6.49% and CBD 1.21%, from which we derive a THC/CBD ratio of 5.36.
12. de Meijer et al. (2009) used GC-FID in a CME in Holland, and measured THC and CBD
as a percentage of total cannabinoid content. Their breeding lines include a non-inbred clone of
an “Afghanistan hashish landrace,” and an inbred line of the same. Their THC/CBD ratios were
0.07 and 0.04, respectfully.
13. Mansouri et al. (2011) used HPLC to measure THC/CBD in wild-type plants of Iranian
provenance, prior to flowering, 𝑥̅ =2.4
Additionally, three studies determined THC/CBD ratios in archaeological materials. Russo et
al. (2008) tested a sample from Yánghǎi, Xīnjiāng Region, dated 630 ±95 cal. BC (Beck et al.
2014). Analysis with HPLC and GC-MS showed that cannabinoids had degraded into breakdown
products, at low concentrations. They quantified CBN only, present at 0.7%. However, Russo’s
chromatogram illustrated several peaks, from which a THC/CBD ratio can be estimated by
measuring peak areas: CBN + CBN-OH + cannabitrol / CBD + cannabielsoin, a ratio of 2.24.
Ma et al. (2011) analyzed the same material, using HPLC-MS. They report THC 0.110% and
CBD 0.106%, a ratio of 1.04. Ren et al. (2019) used GC-MS to analyse a Cannabis sample from
Jiāyī, about 30 km from Yánghǎi, dated 790-520 cal. BC, with a CBN/CBD ratio of 9.5,
estimated from peak areas on their chromatogram. They also analyzed pyrolytic residues from
sooty braziers unearthed at Jirzankal, Xīnjiāng Region, 500 cal. BC. They inexplicably detected
only CBN, and no CBD.
C. indica
Most studies analyzed plants of South Asian heritage, without Central Asian accessions for
direct comparisons. These studies are still useful, because they documented THC/CBD ratios
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prior widespread hybridization. For the studies listed in Table S12, we limited reporting to drugtype plants (fiber-type plants were omitted). We also limited results to female flowers, whenever
possible (some studies in the 1970s and 1980s analyzed both female and male flowering tops, as
well as leaves, and even shoots). Few studies reported THC/CBD ratios, we calculated these
from reported THC%, CBN%, and CBD%.
In Table S12, study numbers 1-18 (in italicized green) were applied to Fig. 2 in the main
document. Not all the studies in Table S11 are numbered, because some did not include
accessions of verifiably South Asian heritage (e.g., Davis et al. 1963, Ohlsson et al. 1971). We
include them for historical interest. Studies that reported “no CBD detected” were omitted,
because a ratio could not be calculated. Several early studies utilized GC with packed columns,
so their THC/CBD ratios were artificially low, due to the inclusion of CBC in their CBD peaks.
Variability in THC/CBD ratios in some of the early studies is also puzzling (e.g., Doorenbos et
al. 1971).
Table S12. THC/CBD ratios reported in studies from the late 20th century
Citation, VDL or CGE (location if
latter), instrumentation, calculated
ratio,
Davis et al. (1963), VDL, GC-FID,
THC+CBN/CBD
Ohlsson et al. (1971), CGE in
Sweden, GC-FID, THC/CBD
1. Fetterman et al. (1971), both
CGE and VDL, in Mississippi, GCFID, THC+CBN/CBD
2. Doorenbos et al. (1971), both
CGE and VDL, in Mississippi, GCFID, THC+CBN/CBD
3. Small and Beckstead (1973),
CGE in Canada, GC-FID,
THC/CBD; omitted accessions
from hort gardens or ag stations of
questionable provenance (e.g.,
three accessions of C. indica with
no THC); data from females unless
none available
4. Chiesa et al. (1973) VDL of
domestic Argentina seizures,
GC-FID, THC+CBN/CBD
5. Jenkins and Patterson (1973)
VLD of seized material, GC-FID,
THC+CBN/CBD

Results

Greece from 1924 (1.42), Morocco from 1948 (1.15), Brazil from
1936 (0.86)
Morocco (10.0); Jezzine, Lebanon (1.3); Beqaa, Lebanon (0.2);
Turkey (0.025); and feral plants from Beirut (0.020).
CGE: Mexico fresh (12.3), Mexico stored for a year (20.5),
Mexico bracts-only (25.8); VDL: Thailand 1 (13.8), Thailand 2
(11.8); 𝑥̅ = 16.84.
CGE: India 1 (1.5), India 2 (10.0), Thailand 1 (8.1), Thailand 2
(6.1), Thailand 3 (7.8), Mexico (10.6), CME vs. VDL: Thailand in
Missis (20.7), Thailand in Thailand (35.1). Mexican CME three
successive seasons (12.3, 21.4, 21.8); 𝑥̅ = 14.13
Cambodia 6.06, Gambia 13.86, India194 10.53, Jamaica 4.0,
Malawi300 28.8, Malawi301 17.45, Malawi303 12.86, Mauritius
37.25, Mexico284 6.61, Mexico289 6.43, Mexico41 5.90,
Mexico281 5.00, Rhodesia 12.17, Sierra Leone 12.22,
South Africa11 9.72, South Africa74 14.89, South Africa162
13.20, South Africa273 24.00, Thailand10 5.5, Uganda76 7.53
Uganda77 14.00
𝑥̅ = 12.76 ±1.83 SEM (n =21)
Accessions “cultivated for illicit purposes,” 180, 60, 50, 45 (𝑥̅ =
83.75); excluded: accessions “cultivated for hemp,” and
accessions of unknown provenance
South Africa herb (n =6, 𝑥̅ =10.8), Nigeria herb (n =5, 𝑥̅ =9.7),
Jamaica herb (n =7, 𝑥' =10.0), Burma herb from 1950s (n=5,
𝑥̅ =5.1); 𝑥̅ = 9.92. Lebanon resin (n =7, 𝑥̅ =0.60), Morocco resin
or herb (n =10, 𝑥̅ =1.92), Pakistan resin (n =19, 𝑥̅ =1.07)
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Turner and Hadley (1973) CGE in
Mississippi, GC-FID
Fairbain and Liebmann (1974)
CGE in London, GC-FID,
THC+CBN/CBD
6. Der Marderosian and Murthy
(1974) VLD, GC-FID,
THC+CBN/CBD
7. Holley et al. (1975) CGE in
Mississippi, but “some crosspollination has occurred,” GC-FID
with silyation to remove CBC from
THC/CBD
8. Mobarak et al. (1974) both CGE
and VDL, in Sweden, GC-FID,
THC+CBN/CBD
9. Bazzaz et al. (1975) CGE,
Illinois growroom, GC-FID,
THC+CBN/CBD
10. Marshman et al. (1976) VLD,
GC-FID, THC+CBN/CBD
11. Hemphill et al. (1980) CGE,
Indiana glasshouse, GC-FID,
THC+CBN/CBD
12. Veszki et al. (1980) CGE in
Hungary, GC-FID, THC+CBN/CBD
13. Field and Arndt (1980) VDL of
South African plants, GC-MS,
THC+CBN/CBD+CBD+CBN3
Baker et al. (1980b) VLD of seized
material from around the world
coming into the United Kingdom
Fournier (1981) CGE in France,
GC-FID, THC/CBD
Turner et al. (1982) CGE in
Mississippi, GC-FID with silyation,
THC+CBN/CBD
Taylor et al. (1983) GC-FID of
seized germplasm grown outdoors
Pitts et al. (1992) GC-FID, 6th
generation plants from Taylor et al.
14. Brenneisen and ElSohly (1988)
GC-MS, CGE in Mississippi,
∆9THC+∆8THC+CBN/CBD+CBE

South Africa, n =2 accessions, THC 𝑥̅ = 1.39% (mixed male and
female tops), no CBD detected
South Africa, Thailand, India, Nepal, Mexico, flowering tops with
THC% (range 2.4 to 7.1), CBD detected but but under their limit
of quantification
Mexico (12.5), India from 1965 (6.4), “Indian hemp” from 1880
(5.8)
Female plants: India A (59.3), India A1 (110.5), India A2 (8.6),
India B2 (136.0), India B3 (195.0), India E (165.5), Brazil (261.0),
Sierra Leone A (61.5), South Africa A1 (101.0), South Africa A2
(3.6), South Africa D (184.0), South Africa E (10.5), South Africa
F (33.0), Thailand B (145.5), Thailand C (0.57), Thailand D
(1.2); 𝑥̅ = 92.30.
CGE: South Africa (22.3), Thailand 1 (10.5), Thailand 2 (10.9).
VLD: Indonesia (at different stages of maturity) n=7, 𝑥̅ = 7.5
Under optimal temperatures: Nepal (16.5), Panama (10.2),
Jamaica (9.5), Illinois feral (1.0)
36 samples of Jamaican herb (not including 3 without
measurable CBD) 𝑥̅ =31.1 ±4.52 SEM (range 11.1 to 104.4, both
mature and immature plants)
Data from excised bracts: Mexico 1 (153.3), Mexico 2 (no CBD
detected), Japan “drug” from Mexico (128.0)
female inflorescences 1978: Mexico (25.45), Thailand (12.23);
𝑥̅ = 18.8
female inflorescences or female “growing tips”: Transkei (46.3,
23.7), Pongola (12.6), Tzaneen (114.5, 17.2, 14.3, 12.1); 𝑥̅ = 34.4
Baker and colleagues analyzed 304 seizures for THC content, a
fascinating read, as are his follow-ups, Baker et al. (1982) and
Pitts et al. (1990)—but they omitted CBD.
Mexico (THC 1.52%, no detectable CBD), Lebanon (0.58)
Mexican (n =9), THC% range 0.14 to 2.66, no measurable CBD
content except for one accession
no detectable CBD: India (2.8/0), Morocco (1.4/0), Zimbabwe
(1.7/0), India Zambia (0.66/0), fiber-type from Sri Lanka
no detectable CBD: Sri Lanka (3.49/0), Zambia (1.27/0), Morocco
(1.0/0), Morocco (1.4/2.0), fiber-type from Sri Lanka
ratio of peak areas: Mexico (11.1), Columbia (83.0), Jamaica
(7.0), Thailand (24.6); 𝑥̅ = 31.4
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15. de Meijer et al. (1992) GC-FID,
CGE in Holland, THC/CBD
16. Hillig and Mahlberg (2004)
CGE in Indiana, GC-FID with
capillary columns, THC/CBD
17. Kallawicha (2008) survey of
drug-type and fiber-type plants in
Thailand, GC-MS, THC/CBD
18. de Meijer et al. (2009) GC-FID,
CME in Holland, THC/CBD
Onofri et al. (2015) GC-FID, CME
in Holland, THC/CBD
de Meijer and Hammond (2016)
GS-FID, CME in Holland,
THC/CBD
Hanuš et al. (2018), GC-MS,
seized hashish, THC+CBN/CBD

Swaziland (4.2), South Africa (14.1); excluded: hybrids
(“Nederwiet”, 7.4, “Skunk #1, 5.2), Spanish birdseed (4.6),
Lebanon landrace (2.3) France unknown provenance (2.7)
mean THC (5.48%) and CBD (0.02%) in NLD accessions (n =68),
from which we derive a mean THC/CBD ratio of 274.0.
drug-type plants in Thailand (n =55) 𝑥̅ =44.51

percentage of cannabinoid content: “Haze” hybrid, but all South
Asian heritage: Colombia, Mexico, Thailand, and southern India
(191.2)
no detectable CBD: South Africa, Malawi, Thailand
no detectable CBD: South Africa, Malawi, Thailand

“tried” to evaluate confiscated samples by their geographical
origin: Morocco (n =30, 𝑥̅ =3.06 ±0.02), Lebanon (n =15, 𝑥̅ =0.44
±0.02), India (n =13, 𝑥̅ =2.60 ±0.49). Large variability in Indian
samples suggests diverse origins (as does the presence of αbisabolol)

C. himalayensis
The few cannabinoid studies of Himalayan plants present us with an enigma: History tells us
that charas rubbed from wild-type plants was a high-quality commodity (Clarke 1998). Yet
plants with very low THC appear in several modern THC/CBD studies. Over a century ago,
Hooper (1908) considered Himalayan charas among the best available (Table S10).
Another enigma: botanists such as Strachey (1848) described “a jungle of wild hemp” in the
Himalaya. But widespread cultivation also occurred in the Himalaya. Hooper’s results from
Kumaon include charas from both wild and cultivated plants (Table S10). In fact, a lot of charas
came from cultivated plants (Table S4). Transitioning from wild-to-cultivated sources continued
into the 20th century: In Kullu, Himachal Pradesh, charas was rubbed from wild-type plants
(Indian Hemp Drugs Commission 1894), but by the 1960s it was rubbed from cultivated plants
(Clarke 1998).
In modern THC/CBD studies, a few Himalayan accessions do not qualify as drug-type
plants, having THC <0.3%, and their THC/CBD ratios suggest fiber-type plants. History also tell
us that Himalayan plants were cultivated for fiber. Plants grown for fiber may have been wildtype C. himalayensis brought into cultivation, or foreign germplasm imported from elsewhere
(text following Table S4).
Sampling bias is evident: de Meijer (1994a) analyzed two accessions from Kalopani in
Nepal, described as “wild or naturalized” (de Meijer and van Soest 1992), with very low THC
content, 0.06% and 0.44%. But around the same time, wild-type plants were encountered in
Kalopani during a collecting trip in 1986 (McPartland and Hughes 1994); female infloresences
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were collected, and a bioassay with four people revealed very potent psychoactivity (McPartl.,
pers. observ., 1986).
Small and Beckstead (1973) analyzed four “himalayana” accessions obtained from European
botanical gardens, and one from Darjeeling. The veracity of botanical garden “himalayana”
accessions has to be questioned; botanical gardens also supplied Small and Beckstead with three
accessions of “C. indica” with no measurable THC. In contrast, the Darjeeling accession
produced a THC/CBD+CBC ratio of 10.53, from male plants (females failed to flower before
frost). The Darjeeling accession had wild-type achenes, see the photo in Small (1975).
Fairbain and Liebmann (1974) grew a Nepal accession obtained from the United Nations
Division of Narcotics. They reported THC 0.76%, and a small CBD peak was eluted, but below
their limit of quantification. Given their limit of quantification was 0.01%, the THC/CBD ratios
calculated with this value equals 76. Rowan and Fairbairn (1977) clarified that the Nepal
accession had wild-type traits: achenes small (2.5-3.0 mm), with a slightly elongated base, and a
persistent perianth.
Turner (1974) grew a Nepal accession in Mississippi, and analyzed it with GC-FIDS, THC =
2.81%, CBD+CBC 0.21%, THC/CBD+CBC ratio 13.38. The following year they separated CBD
from CBC, and reported “Nepal NE-C” with THC 2.75%, CBD 0.02%, CBC 0.28%, THC/CBD
ratio 137 (Holley et al. 1975). Inspection of a voucher specimen of “NE-C second seed lot”
[second generation?] revealed wild-type traits (McPartl., pers. observ., GH, 1997).
We omitted Bazzaz et al. (1975), they did not state whether their accession was domesticated
or wild type, but its THC/CBD ratio was suggestive of the latter. They cultivated germplasm
obtained from the mountains of Nepal at 6000 ft., outside of Kathmandu (at 4600 ft). Under
optimal temperatures, they reported THC+CBN 14.51%, CBD+CBC 0.88%, a ratio of 16.48.
Turner et al. (1979) analyzed wild-type plants in India. As noted in the morphology section,
they only reported one wild-type trait, achene size. Accessions consisted of two groups: from
<2000 m altitude (Punjab plain), or from >2000 m (Himalaya). Each group was dichotomized
into drug-type plants or fiber-type plants. Means for wild-type drug plants >2000 m (Himalaya)
were Δ9THC+Δ8THC+CBN = 0.524%, CBD = 0.138%, ratio = 3.80. A sample from Manali,
source of famous “Manali cream” charas, had a ratio of 6.4. Means for drug-type plants <2000
m (Punjab plain): Δ9THC+Δ8THC+CBN = 2.12%, CBD = 0.087%, ratio = 25.0.
When Himalayan plants were cultivated in Mississippi, THC/CBD ratios inexplicably
increased, to 𝑥̅ = 29.2 (due mostly to decreased CBD—one accession even dropped to “trace,”
which we equated to 0.005%). Mississippi-grown Punjab plants also decreased CBD content,
their THC/CBD jumped to 𝑥̅ = 107.4. No other study in the literature has reported this degree of
THC/CBD variability.
De Meijer et al. (1992) analyzed a “wild” Nepal accession (#891103), THC 1.17%, CBD
0.63%, ratio of 1.88. De Meijer (1994) measured three Nepali accessions, characterized as wild
(de Meijer and van Soest 1992). Accession 891191: THC 0.06%, CBD 0.82%, ratio 0.29;
accession 891192: THC 0.44%, CBD 0.55%, ratio 0.98; accessions 891193: THC 1.17%, CBD
0.62%, ratio 1.95. Mean ratio from both studies, 𝑥̅ = 1.28.
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Hillig and Mahlberg (2004) analyzed “C. indica feral” accessions from Nepal and India
(including several from de Meijer); 𝑥̅ = THC 3.04%, CBD 1.95%, ratio 1.56 (Table S11). They
report n =14 accessions, but passport data for their collection listed only five (Hillig 2005a).
Interestingly, de Meijer’s accession 891193, with the highest THC/CBD ratio, was not included
in Hillig’s analysis; he considered it a domesticated “East Asian fiber-type.” In Hillig’s allozyme
study, 891193 and the other Himalayan “East Asian fiber-type” (92107) clustered together with
his Himalayan wild-types (Hillig 2005a), so they are genetically related.
We omitted from consideration the study by Rigter and Niesink (2018), who analyzed 683
samples of hashīsh sold in Dutch coffeeshops. Nine identified as “Nepal,” ultimately of
unknown provenance (possibly Dutch), averaged THC 13.4%, CBD 0.6%, a ratio of 22.3.
C. asperrima
Zhu et al. (1992) used GC-FID to analyze 27 wild-type accessions in Xīnjiāng. They
measured THC+CBN/CBD in female flowering and fruiting tops (Table S13). As discussed in
the morphology section, plants in Dzungaria likely represent naturalized fiber-type hemp.
Consistent with this, the weighted mean of Dzungarian THC+CBN 𝑥̅ = 0.36% (omitting one
outlier, Ürümqi, which is Xīnjiāng’s center of drug use). The weighted mean of Tarim/Turpan
THC+CBN 𝑥̅ = 1.52% (omitting one outlier, Hotan, Xīnjiāng’s center of fiber-type cultivation);
these plants likely represent C. asperrima.
Table S13. Cannabinoid data from Zhu et al. (1992), prefectures listed from north to south.
Region
Dzungaria

Tarim/Turpan

Prefecture,
sample size
Altay, n =5
Tǎchéng, n =1
Boltala, n =1
Yili, n =3
Changji, n =1
Ürümqi, n =1
Hami, n =3
Turpan, n =2
Aksu, n =3
Kāšḡar, n =6
Hotan, n =1

THC+CBN%
mean
0.33%
0.43%
0.25%
0.41%
0.40%
0.82%
1.25%
1.10%
1.76%
1.67%
0.82%

Weighted
means
0.36%

1.52%

THC+CBN/CBD
mean
0.15
0.13
0.08
0.22
0.18
0.85
3.38
0.77
0.88
1.78
0.85

Weighted
means
0.163

1.79

Two small studies analyzed plants that may represent C. asperrima. In the Kazakhstan part of
the Chuy valley, Sarsenbaev et al. (2017) measured THC/CBD in four accessions of “C.
ruderalis” (THC 1.0-1.5%), and reported ratios of 1.50, 1.52, 2.60, and 9.43. Small and Marcus
(2003) analyzed a wild-type accession from Kazakhstan. They did not measure CBD, but its
THC content was low, 0.41%.
“Sativa” and “Indica”
Several studies measured cannabinoids in accessions putatively identified as “Sativa” or
“Indica”. Study numbers 1-9 were applied to Fig. 2 in the main document, labelled with
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underlined numerals, “Sativa” in italicized green, and “Indica” in nonitalicized red. Some of
these studies of “Indica” and “Sativa” show reversals from their landrace ancestors: whereas
landraces from Central Asia expressed THC/CBD ratios lower than landraces from South Asia,
six recent studies reported the reverse in “Indica” and “Sativa” (Fischedick et al. 2010;
Hazekamp and Fischedick 2012; Elzinga et al. 2015; Hazekamp et al. 2016; Lynch et al. 2016;
Jikomes and Zoorob 2018).
1. Fischedick et al. (2010) conducted a CGE in Holland with 11 chemovars bred by
Bedrocan BV, analyzed with GC-FID. The collection consisted of “Indica” chemovars
(considered nonhybridized, n =6), hybrid “Indica/Sativa” (n = 2), “mostly Sativa” (n = 2), and
“Indica/Sativa/Ruderalis” (n = 1). “Indica” accessions were nearly devoid of CBD, either “trace”
(interpreted as 0.02), or not detected; THC/CBD 𝑥̅ = 127.0. This THC/CBD ratio in 21st century
“Indicas” is inconsistent with Central Asian landraces from the 1970s-1990s. “Mostly Sativa”
accessions had a THC/CBD 𝑥̅ = 0.40, inconsistent with South Asian landraces from the 1970s1990s.
2. Hazekamp and Fischedick (2012) collected coffeehouse and pharmacy samples (a VLD
study) analyzed with GC-FID. They including two “Sativa dominant” samples (“Amnesia,”
“Bedrobinal”) and two “Indica dominant” samples (“White Widow,” “Bedica”). Interpreting
trace as 0.02, “Sativa dominant” THC/CBD 𝑥̅ = 477.1; “Indica dominant” 𝑥̅ = 550.2.
Piluzza et al. (2013) conducted a CGE in Italy, analyzed with HPLC-UV. They compared 19
accessions: one purported Afghani hybrid, two “Skunk #1” hybrids, four “Sativas” (two “Haze”
hybrids, and two Thai hybrids), and an assortment of fiber-type plants and other accessions.
They did not provide quantitative data, so we could not include them in Fig. 2 (in the main
document), but multivariate analysis of cannabinoid content (NJ/UPGMA) clustered the
“Indica” with two “Skunk” hybrids, separate from the four “Sativa” accessions.
3. Omar et al. (2013) measured THC+CBN/CBD using GC-MS in a CME in Spain,
analyzing two “Sativa dominant” (“AK-47”, “1024”), 𝑥̅ = 35.6; and two “Indica dominant”
(“Critical”, “Somango”), 𝑥̅ = 28.1.
4. Elzinga et al. (2015) used HPLC (UFLC) to analyze 35 strains obtained from
“chemotypical medicinal cannabis dispensaries,” and assigned strains to “Indica,” “Sativa,” or
“Hybrid” based on reports by the Leafly website. They did not report CBD content in individual
accessions, but report a median value of 0.3%. For THCmax%, “Indica” (n = 13, 𝑥̅ = 17.30%)
and “Sativa” (n =5, 𝑥̅ = 13.84%). Applying their median value computes THC/CBD means of
“Indica” 57.6, “Sativa” 46.13.
5. Lynch et al. (2016) obtained VDL samples from “a variety of breeding and production
facilities,” and from those sources they categorized samples as “BLDTs” (a.k.a, “Indica”, n =17)
or “NLDTs” (a.k.a., “Sativa”, n =35). They used HPLC to determine THCA% and CBDA%,
presented as histograms, from which we calculated THC/CBD ratios. They showed a stunning
reversal from their putative landrace ancestors: “BLDT” (C. afghanica herein) = 82.5, “NLDT”
(C. indica herein) = 6.45.
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6. Hazekamp et al. (2016) collected 460 samples (from coffeeshops, Bedrocan, and
HempFlax, a VLD study), and quantified cannabinoids with GC-FID. They categorized the
accessions as “Sativa” (n =68), “Indica” (n =63), “hybrid” (n =208), and “hemp” (n =121).
THC/CBD means were “Sativa” 33.8, “Indica” 46.16. Multivariate clustering (OPLS-DA)
produced a scatterplot that segregated “Sativa” and “Indica” into distinct clusters, with
terpenoids providing the discrimination.
7. Sexton et al. (2018) conducted a CME of several hybrid strains, three of which have
strongly Indica-dominant pedigrees, “Cherry Kush”, “Blackberry Kush”, and “Pineapple Kush”.
They used HPLC to analyze THCA+THC+CBN/CBDA+CBD, mean ratio = 690.0.
8. Onofri et al. (2015) used GC-FID to measure THC and CBD as a percentage of total
cannabinoid content in 18 accessions. Three are described as selections from Afghani landraces,
but their anomalous results are consistent with inadvertent hybrids, THC/CBD ratio 𝑥̅ =400.1.
9. Welling et al. (2016) used HPLC-DAD to measure THC and CBD as a percentage of total
cannabinoid content, and presented data in histograms. They tested a purported Afghanistan
landrace. It was likely an unstable hybrid. Two plants expressed THC/CBD ratios of 0.05 and
0.08, and the third was 95; 𝑥̅ = 31.71.
Jikomes and Zoorob (2018) obtained data from the Washington State Liquor and Cannabis
Board, for all Cannabis tested for THC and CBD content between 2014 and 2017. The data was
linked to strain names, and they used Leafly, an on-line Cannabis databank, to categorize the
strains as “Sativa” or “Indica”. THC/CBD ratios could not be calculated for “Sativa” and
“Indica”, because Jikomes and Zoorob presented THC and CBD data separately, according to
chemotype. They present THC data for chemotype I (THC/CBD ratio <5), which did not
significantly vary between “Sativa” (n =26,389, 𝑥̅ = 19.4%) and “Indica” (n =35,276, 𝑥̅ = 19.0%).
They present CBD data for combined chemotype I and III (THC/CBD ratio ≥5), which also did
not significantly vary between “Sativa” (n =848, 𝑥̅ = 10.6%) and “Indica” (n =1014, 𝑥̅ = 9.3%).
SF.9. Phytochemical comparisons, cont.
Carboxylic precursors THCA and CBDA
As aforementioned, the carboxylic precursors of THC and CBD are tetrahydrocannabinolic
acid (THCA) and cannabidiolic acid (CBDA). The carboxylic acids are unstable and readily
decarboxylate into THC and CBD. This happens in storage at room temperature, and accelerates
rapidly with heating (smoking, baking).
Hoffmann-La Roche & Co. (1915) first isolated THCA, but they didn’t appreciate their
achievement. They “cold” extracted hashīsh (probably at room temperature) under vacuum with
petroleum ether, and then added “aqueous alkali” (NaOH or Na2CO3). THCA was soluble in
aqueous alkali, which they tossed away. The purpose of the process was to remove
pharmacologically inactive substances, and we now know that THCA does not bind to CB1
cannabinoid receptors (McPartland et al. 2017). Hoffmann-La Roche obtained a patent on the
process—the first-ever cannabinoid patent.
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Researchers have used the THCA/THC ratio to identify the geographic source of confiscated
material (Baker et al. 1981, 1982a, Taylor et al. 1983, Pitts et al. 1992), when in fact that metric
simply determined the age and/or storage conditions of samples. They were unaware that Grlić
and Andrec (1961) already showed that old, dated Cannabis samples were largely bereft of
carboxylic acids.
Two isomers of THCA have been isolated and characterized, 2-COOH-THC (THCA-A) and
4-COOH-THC (THCA-B) (Fig. S13). The existence of THCA-B suggests the presence of an
unelucidated enzyme in the biosynthetic pathway: an enzyme that would catalyze the allylic
rearrangement between THCA-A and THCA-B. The enzyme would need to act near the end of
the biosynthetic pathway, because no “CBGA-B” or “CBDA-B” has been identified.
Figure S13. Chemical structures of THC (left), THCA-A (center) and THCA-B (right).

A few botanical studies reported the geographic provenance of accessions from which they
obtained THCA-A or THCA-B. We tabulated these studies to see if any taxonomic signal by
geographic distribution could be discerned (Table S14), and none could be discerned. Lehmann
and Brenneisen (1992) isolated both THCA-A and THCA-B in all three Cannabis chemotypes—
drug-type, intermediate-type, and fiber-type (of unstated provenance).
Table S14. Incidence of THCA-A and THCA-B in samples identified by geographic provenance
isomers
geographic
provenance
of samples,
citations

THCA-A
Afghanistan (Turner et al. 1974)
Lebanon (Edery et al. 1972)
Morocco (Holley et al. 1975)
Jamaica (Brenneisen & ElSohly 1988)
Thailand (Brenneisen & ElSohly 1988)
Mexico (Yamauchi et al. 1967,Turner
et al. 1973b, Yotoriyama et al. 1980)

THCA-B
Afghanistan (Turner et al. 1974)
Lebanon (Mechoulam et al. 1969)
Morocco (Holley et al. 1975)
Jamaica (Brenneisen & ElSohly 1988)
Turkey (Turner et al. 1974)
Mexico (Yotoriyama et al. 1980)
India (Turner et al. 1974)
Columbia (Brenneisen & ElSohly 1988)

SF.9. Phytochemical comparisons, cont.
The C19 cannabinoids THCV and CBDV
Two C19 cannabinoids may reflect phylogenetic relations: tetrahydrocannabivarin (THCV)
and cannabidivarin (CBDV). The biosynthetic pathway leading to THCV and CBDV diverges
early, along the resorcinol side of the cannabinoid biosynthetic pipeline. Instead of utilizing
hexanoate (C5H6COOH), the C19 pathway uses butanoate (butyric acid, C3H7COOH). Some
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workers added C19 cannabinoids to the cannabinoid profile, as THC+THCV/CBD+CBDV (e.g.,
Turner et al. 1980). In contrast, Hillig and Mahlberg (2004) segregated THCV and CBDV from
the cannabinoid profile, as a separate taxonomic character. They reported the C19 cannabinoids
as a sum, THCV+CBDV. Another metric, heretofore unreported, is the C19 /C21 ratio:
THCV+CBDV/THC+CBD.
Vollner et al. (1969) first isolated CBDV, from hashīsh of unstated provenance. Gill et al.
(1970) first isolated THCV, from Cannabis indica tincture made in Pakistan. Merkus (1971)
extracted THCV from Nepali hashīsh, and also discovered the C19 breakdown product of CBN,
naming it cannabivarin, CBNV. De Zeeuw et al. (1972) stated that THCV and CBDV occur at
higher concentrations in Asian plants than in hashīsh samples from Middle Eastern and
Mediterranean countries. Mobarak et al. (1974) reported CBDV in Indonesian plants, but no
CBDV in plants from South Africa or Thailand.
South African plants produce high levels of THCV, first reported by Paris et al. (1973).
Steinberg et al. (1975) identified two South African chemotypes—plants grown from Pongola
germplasm were THCV dominant, whereas plants from Transkei or Tzaneen germplasm were
THC dominant. Boucher et al. (1977) also revealed two chemotypes, either THC dominant or
THCV dominant. Field and Arndt (1980) recognized three chemotypes—Transkei plants had a
THC/THCV ratio of 45.3, Tzaneen plants had a ratio of 5.9, and Pongola plants had a ratio of
1.0. Pongola and Tzaneen plants also produced some CBDV.
Turner et al. (1973b) used GC-MS in a CGE of many accessions. They report C19 analogs as
a percentage of total cannabinoid content, rather than percentage dry weight plants. Their symbol
“+” indicates a range of 1-5%, “T” indicates trace (~1%), and “–” indicates little or none. We
limit their THCV/CBDV results to mature females: In Central Asian landraces: Afghanistan A
(5.34/8.33), Afghanistan B (7.72/+), Pakistan (+/+), Iran (+/–). In plants of South Asian heritage:
India A (t/–), India B (10.63/+), India E (+/–), Nepal (+/t), Thailand B (t/–), Thailand C (t/t),
Thailand D (t/t), Vietnam (t/–), South Africa (53.69/t), Mauritius (+/–), Brazil (t/–), Mexico (t/t),
Ethiopia (t/t), Ghana (t/–), Sierra Leone (t/–), Sudan (+/+).
Mobarak et al. (1978) used GC-MS to analyze hashīsh from Nuristān, Afghanistan. They
quantified individual cannabinoids as a percentage of total cannabinoid content, rather than
percentage dry weight plants: THC+CBN = 22.4%, THCV = 13.56%, CBDV = 13.48%, CBD =
11.6%. The C19 /C21 ratio equals 1.26, which departs from anything reported by Hillig and
Mahlberg (2004).
Turner et al. (1982) conducted a CGE in Mississippi, grew Mexican accessions, and used
GC-FID with silyation. They reported THCV all nine accessions, 𝑥̅ =0.054% dry weight. They
reported CBDV in seven of nine accessions, 𝑥̅ =0.01% dry weight.
Brenneisen and ElSohly (1988) conducted a CGE in Mississippi, and used GC-MS to detect
a slew of C21 and C19 cannabinoids: ∆9-THC (C21), ∆8-THC (C21), CBN (C21), cannabigerol (C21),
cannabifuran (C21), dehydrocannabifuran (C21), cannabielsoin (C21), cannabicumaronone (C21),
cannabichromene (C21), CBD (C21), cannabicyclol (C21), cannabivarin (C19), THCV (C19), and
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cannabicitran (C19). They quantified these compounds as peak areas, from which we calculated
C19 /C21 ratios: Mexico (0.33), Columbia (0.05), Jamaica (0.22), Thailand (0.09).
Zhang and He (1992) used GC/MS to analyse nine samples seized in Xīnjiāng Region,
mostly from Hotan and Kashi prefectures. They quantified eight cannabinoids, reported as
percentages of the total cannabinoid content. The mean C19 /C21 ratio = 0.03 ±0.005 SEM, range
0.02 to 0.06.
Hillig and Mahlberg (2004) report levels of THCV+CBDV (percentage dry weight) highest
in feral C. indica, followed by domesticated C. indica (“NLD”), and lowest in C. afghanica
(“WLD”). See Table S11. De Meijer and Hammond (2016) quantified individual cannabinoids as
a percentage of total cannabinoid content, rather than percentage dry weight plants. They
analyzed several landraces and hybrids, from which we calculated C19 /C21 ratios: Malawi
landrace (0.85), South Africa landrace (0.31), Thailand landrace (0.0), “California Orange”
hybrid (0.78), Hawaiian hybrid (0.16).
SF.9. Phytochemical comparisons, cont.
Terpenoid profiles
Terpenoids include hydrocarbon terpenes and their oxygenated derivatives, which form
alcohols, ethers, aldehydes, ketones, and esters. Terpenoids are polymers of isoprene (C5H8), so
they are also called isoprenoids. Cannabis produces about 150 terpenoids, mostly
monoterpenoids (based on a C10H16 template) and sesquiterpenoids (based on a C15 H24
template). Terpenoids account for up to 10% of trichome gland head contents (Malingré et al.
1975, Potter 2009). They are volatile, and impart the characteristic odor of Cannabis.
Collectively, terpenoids constitute the plant’s essential oil or volatile oil. No terpenoids are
unique to Cannabis, but various biotypes of Cannabis produce unique terpenoid profiles.
Terpenoid profiles vary by extraction methodology. Traditionally, terpenoids were extracted
by either steam distillation or hydrodistillation. Steam distillation passes steam through a bed of
plant material in a closed system. Volatile compounds are carried away in the steam, condensed
and separated. Hydrodistillation is an older version of steam distillation, where plant material is
soaked in water, then boiled, and volatile compounds are carried away in the water-oil vapor,
condensed and separated.
Benelli et al. (2018) described hydrodistillation as “more aggressive” than stem distillation,
producing oxidative and hydrolytic reactions. They steam distilled ‘Felina 32’, and their
terpenoid profile consisted of 1.6% oxygenated terpenoids. When Bertoli et al. (2010)
hydrodistilled the same cultivar, their terpenoid profile consisted of 5.67% and 7.46%
oxygenated terpenoids (grown in two sequential seasons). Naz et al. (2017) showed differences
in terpenoid profiles when the same sample was extracted by steam distillation, hydrodistillation,
or supercritical CO2 extraction.
The least aggressive method is “headspace” sampling: collecting the vapor emitted by a
sample, and injecting it directly into a gas chromatograph to separate and identify its
constituents. Hood et al. (1973) pioneered this method. Compared to a steam distillate, the
headspace sample contained a higher percentage of extremely volatile monoterpenoids (e.g., α-
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pinene, 3.9% vs. 55.5% of total terpenoids, respectively). Less volatile sesquiterpenoids showed
a higher percentage in the steam distillate compared to the headspace (e.g., β-caryophyllene,
37.5% vs. 3.4%, respectively). Oxidized products, such as caryophyllene oxide, were present in
the steam distillate (7.4%), but not in the headspace.
Most studies extracted terpenoids with solvents, before injecting them into a gas
chromatograph. Hillig (2004b) extracted terpenoids in chloroform, as did Mansouri et al. (2011).
Other solvents included ethanol (Fischedick et al. 2010, Hazekamp and Fischedick 2012,
Hazekamp et al. 2016, Lewis et al. 2018), chloroform (Mansouri et al. 2011), ethanol and
chloroform (Aizpurua-Olazizolo et al. 2016), methanol (Elzinga et al. 2015, Lynch et al. 2016,
Fischedick 2017), hexane (Broséus et al. 2010), and pentane (Casano et al. 2011).
Brunschwig (1500) first steam distilled hanff krut wasser, “hemp vegetable water,” from
dolden (“umbels” or tops). In the 1800s a dozen studies were published on Cannabis essential oil
(reviewed in Grassi and McPartland 2017). They culminated with an analysis of Indian gañjā by
Prain (1893). Although he isolated the “narcotic fraction” of gañjā in a petroleum ether extract, a
series of experiments led him to deduce that “to some extent the exciting and exhilarating effect
of gánjá resides in an essential oil.”
Some researchers attempted taxonomic comparisons based on essential oil. Personne (1857)
found no compositional difference between Cannabis sativa and Cannabis indica. Both essential
oils consisted primarily of two fractions, which he named, with erroneous formulae: cannabène
(C36H20) and cannabène hydrate (C12H14). Valente (1880, 1881) also found no difference
between Cannabis sativa (Italian hemp from Venice) and Cannabis indica (“canapa gigantea
from the Indies”). Both essential oils consisted primarily of a hydrocarbon, C15H24, which he
correctly identified as a sesquiterpenoid.
Hooper (1908) noted that the perceived quality and cost of three charas specimens correlated
with their essential oil content, and not with their resin content: Grade No. 1: essential oil 12.7%
and resin 40.2%; Grade No. 2: essential oil 12.4% and resin 40.9%; Grade No. 3: essential oil
12.0% and resin 48.1%.
Kudryashev (1932) conducted the first terpenoid analysis of plants that likely represent C.
asperrima. He distilled essential oils from wild plants growing along the banks of streams and
canals near Pokrovsky (now Kyrgyzstan). The essential oil consisted primarily of an unidentified
sesquiterpene, with a boiling point of 256-258°F. Kudryashev noted the essential oil’s “sharp
unpleasant smell.” We correlate this with Clarke (1981) describing Central Asian landraces with
an acrid or skunky aroma.
Simonsen and Todd (1942) separated the essential oil of Egyptian hashīsh using fractional
steam distillation. They identified p-cymene and humulene, and noted the absence of β-myrcene.
Its absence surprised Simonsen and Todd, because they believe β-myrcene to be the C10H16
“terpene of low boiling point” that Wood et al. (1896) isolated from charas (obtained from
Etawah, Uttar Pradesh). Martin et al. (1961) first used GC-FIDS to separate terpenoids, and
found differences between wild hemp in Canada and samples of hashīsh and charas. They did
not identify specific terpenoids other than by peak number.
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Hood and Barry (1978) made the first comparison that included Central Asian accessions.
They used GC-FID to quantify 17 terpenoids in 14 accessions grown in a CGE. The accessions
included Central Asian plants from Afghanistan and Pakistan (n =3) and plants of South Asian
heritage from India and Mexico (n = 5). Running statistics on their raw data revealed some
terpenoids with statistical differences: more limonene in Af/Pak plants (mean 16.5% ±1.66 SD)
than Indi/Mex plants (6.5% ±1.01, p <0.001), and more β-farnesene in Indi/Mex (0.44% ±0.13)
than Af/Pak (0.10% ±0.05, p = 0.10).
Differences in three other terpenoids fell short of statistical significance in this small data sat:
more β-caryophyllene in Indi/Mex (3.0% ±0.39) than Af/Pak (1.9% ±0.52, p = 0.16), more αhumulene in Indi/Mex (0.76% ±0.20) than Af/Pak (0.53% ±0.15, p = 0.20), and more β-myrcene
in Af/Pak (10.0% ±0.53) than Indi/Mex (7.6% ±1.3, p = 0.21).
Zhang and He (1992) used GC/MS to analyse nine samples seized in Xīnjiāng Region,
mostly from Hotan and Kashi prefectures. The samples were old, and they only reported three
monoterpenes: α-fenchene, β-pirene (probably β-pinene), and γ-terpinene (note: no limonene or
β-myrcene). Among six sesquiterpenoids, they reported β-caryophyllene, humulene, and three
unusual ones: α-santalene, β-santalene, α-selinen (probably α-selinene), and selinene (probably
β-selinene).
Hillig (2004b) quantified terpenoids in a CGE of 82 accessions. He used GC-FID to separate
48 terpenoid peaks, and used GC-MS to positively identify 21 terpenoids. The accessions
included “WLD” (n = 26), “NLD” (n =35), and “C. indica feral” (n =14 is stated, but only 4
appear in his scatterplot). Multivariate clustering clearly discriminated WLD and NLD
accessions (canonical analysis as well as the PCA scatterplot), whereas “C. indica feral”
accessions overlapped with the other groups in canonical analysis.
Four terpenoids with the greatest discriminatory value (i.e., greatest PCA weight or
eigenvector value) were sesquiterpene alcohols: guaiol, γ-eudesmol, β-eudesmol, and a peak
tentatively identified as α-eudesmol. All terpenoids with significant differences (p < 0.05) are
presented in Table S15. Like Hood and Barry (1978), Hillig found greater β-myrcene content in
WLD (9.0% ±6.5) than NLD (5.8% ±5.9), but the difference fell short of statistical significance
because of wide variation.
Table S15. Terpenoids with statistically significant differences between “NDL” (C. indica herein)
and “WLD” (C. afganica herein) reported by (Hillig 2004b), compared with “C. indica feral” (C.
himalayensis herein) and East Asian hemp. Means not connected by the same letter are
significantly different, Student’s t test P ≤0.05.
limonene
γ-terpinene
β-fenchol
terpinolene
β-caryophyllene
α-guaiene
trans β-farnesene
caryophyllene oxide
guaiol

NDL
1.3%a
0.2%a
0.2%a
4.4%a
15.7%a
1.0%a
7.6%a
8.9%a
0.2%a

WLD
4.0%b
0.1%b
0.8%b
1.0%b
9.7%b
0.4%b
4.1%b
4.2%b
3.5%b

C. indica feral
3.0%ab
0.1%b
0.2%a
3.7%a
21.9%c
0.5%ab
4.3%b
2.5%b
0.2%a

East Asian hemp
1.8%a
0.2%b
0.3%a
1.1%a
18.7%c
0.5% ab
2.0%c
7.0%a
0.5%a
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γ-eudesmol
0.6%a
4.8%b
0.6%a
1.5%c
β-eudesmol
0.8%a
7.4%b
0.5%a
1.0%a
α-eudesmol (peak 41)
0.1%a
1.4%b
0.1%a
0.3%a
1. percentages are ratios of individual peak areas relative to the total area of all 48 terpenoid peaks

Broséus et al. (2010) compared 13 drug-type hybrids and five fiber-type cultivars. Their PCA
analysis identified four terpenoids with “high discrimination capabilities” between the two
groups: guaiol, γ-eudesmol, bulnesol, and α-bisabolol. Mansouri et al. (2011) analyzed
terpenoids in an Iranian landrace, which expressed significant amounts of β-eudesmol, γeudesmol, and α-bisabolol, like plants of Afghani heritage. Iranian landraces also shared with
Afghani plants a low THC/CBD ratio of 3.2 (Mansouri and Asrar 2012).
“Sativa” and “Indica” terpenoids
Fischedick et al. (2010) conducted a CME in Holland with 11 chemovars bred by Bedrocan
BV, and analyzed 23 terpenoids using GC-FID. The collection included six chemovars
considered nonhybridized “Indicas”: “AD,” “AF,” “AM,” “AN,” “AO,” and “Bedropuur.” As
mentioned in the cannabinoid section, none of the six contained more than a trace CBD—a
marked divergence from their ostensible Central Asian ancestry—so they were unrecognized
hybrids. Fischedick and colleagues made an interesting discovery: three of these unrecognized
hybrids (“Bedropuur,” “AO,” and “AF”) expressed guaiol, γ-eudesmol, and β-eudesmol,
consistent with Central Asian ancestry.
Hazekamp and Fischedick (2011) collected coffeehouse and pharmacy samples (a VLD
study) analyzed with GC-FID. They including two “Sativa dominant” samples (“Amnesia,”
“Bedrobinal”) and two “Indica dominant” samples (“White Widow,” “Bedica”). Only the
“Indica dominant” hybrids contained guaiol, γ-eudesmol, and β-eudesmol.
Casano et al. (2011) compared 16 unnamed hybrid accessions, characterized as “mostly
Indica” or “mostly Sativa.” “Mostly Indica” plants produced significantly higher levels of
limonene, β-myrcene, and camphene. “Mostly Sativa” produced significantly higher levels of
sabinene, 0delta-3-carene, phellandrene, 1,8-cineole, cis-β-ocimene, trans-β-ocimene, and
terpinolene.
Elzinga et al. (2015) assigned strains to “Sativa” or “Indica” according to the Leafly
database, as described above. They noted that strains named Kush, “characteristic of the wide
leaflet drug type strains originating from Hindus Kush region of Afghanistan and Pakistan,”
contained higher levels of guaiol, β-eudesmol, β-myrcene, trans-ocimene, and α-pinene.
Lynch et al. (2016) used a genetic analysis to differentiate strains into “BLDTs” (a.k.a,
“Indica”) and “NLDTs” (a.k.a., “Sativa”) in a VDL study. A subset of strains (BLDTs, n =17;
NLDTs, n =35) were analyzed with HPLC-UV, to compare eight terpenoids. NLDTs produced
significantly greater levels of β-myrcene and α-terpinolene (0.48% and 0.16%, respectively) than
did BLDTs (0.35% and 0.09%). BLDTs produced greater levels of linalool (0.08%) than did
NLDTs (0.02%). No statistically significant differences were seen in limonene, α-pinene, βcaryophyllene, and caryophyllene oxide. No sesquiterpene alcohols were measured.
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Aizpurua-Olazizolo et al. (2016) cultivated seven unnamed accessions in a CME they
assigned to chemotypes I, II, and II based on THC/CBD ratios, and then measured their
terpenoid contents. They report higher levels of guaiol, γ-eudesmol, β-eudesmol, α-bisabolol, and
eucalyptol in chemotype III plants.
Hazekamp et al. (2016) collected 460 samples (from coffeeshops, Bedrocan, and HempFlax,
a VLD study), and quantified 17 monoterpenoids and 19 sesquiterpenoids with GC-FID. They
categorized the accessions as “Sativa” (n =68), “Indica” (n =63), “hybrid” (n =208), and “hemp”
(n =121). Multivariate clustering (OPLS-DA) produced a scatterplot that segregated “Sativa” and
“Indica” into distinct clusters. “Indica” compared to “Sativa” produced more sesquiterpenoid
alcohols (guaiol, γ-eudesmol, β-eudesmol, and α-bisabolol), as well as more monoterpenoid
alcohols (α-terpineol, β-fenchol, linalool, cis-sabinene hydrate, borneol).
Sesquiterpenoid alcohols were reported in a study of European fiber-type plants: Bertoli et al.
(2010) analyzed several Italian dioecious cultivars ‘Carmagnola’, ‘Fibranova’, ‘C.S.’, ‘Red
Petiole’, and five unnamed accessions, using GC-MS. They contained trace levels of γ-eudesmol,
β-eudesmol, and α-bisabolol. Italian dioecious cultivars are known for their relatively high
THC/CBD ratios (for fiber-type plants). They likely harbor Asian genetics, via Turkey, dating
back to the 14th-15th centuries, which may account for their sesquiterpenoid alcohols.
Fischedick (2017) divided medicinal cannabis strains into five terpenoid chemotype groups:
1. terpinolene dominant, 2. β-caryophyllene with alcohol-substituted terpenoids, 3. limonene/βmyrcene with alcohol-substituted terpenoids, 4. limonene/β-myrcene/β-caryophyllene with αbisabolol, 5. β-myrcene dominant. Lewis et al. (2018) recognized eight “terpene super classes”:
1. β-myrcene, 2. terpinolene, 3. ocimene, 4. limonene, 5. α-pinene, 6. humulene, 7. linalool, 8. βcaryophyllene. Orser et al. (2018) whittled the groups down to three: 1. β-myrcene, 2.
terpinolene/γ-terpinene, 3. limonene/β-caryophyllene.
SF.10. Molecular genetic comparisons
In the 20th century, when unhybridized landraces were much more readily available,
molecular methods were blunt instruments: Small (1972) karyotyped 38 accessions of Cannabis,
analyzing chromosome number and appearance. He found no differences in any accessions.
Lawi-Berger et al. (1982) extracted proteins from achenes in five fiber strains and five drug
strains. They found variations in banding patterns, but the differences did not segregate by plant
use (fiber- or drug-type), or by geographical origin. De Meijer and Keizer (1996) compared
achene proteins in 147 Cannabis accessions, grouped into fiber strains, drug strains, and wild
populations. Variability in electrophoretic bands showed no patterns corresponding to plant use
or geographical location.
Hillig (2005a) analyzed allozyme variation in the Cannabis collection he tested for
cannabinoids and terpenoids. Allozymes are a subset of proteins—enzymes—that perform very
basic functions, such as DNA polymerase. Homologous allozymes are coded by different alleles
of the same gene. They may differ by only a single amino acid, but if the single substitution
alters the electrical charge of the protein, the difference can be identified by electrophoresis.
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Samples were evaluated for variation at 17 gene loci, and frequencies of 52 alleles were
subjected to PCA. The PCA scatterplot segregated drug-type and fiber-type plants into distinct
clusters, but the PCA ellipses for WLD (Afghani) and NLD (South Asian heritage) substantially
overlapped.
Modern gene sequencing utilizes specifically-designed DNA primers, which target the
amplification of a specific gene. Gene sequences are directly comparable between organisms,
and they can be historically ordered (polarized) when anchored by an outgroup—enabling the
construction of true phylogenetic trees. A haplotype is a set of DNA polymorphisms that tend to
be inherited together from a single parent. A haplogroup is a group of similar haplotypes that
share a common ancestor on the matriline (maternal line) or patriline (Y-chromosome). The
matriline can be obtained from mitochondria (mtDNA), as well as chloroplasts (cpDNA),
because no cpDNA is detected in Cannabis pollen cells (Zhang et al. 2003).
Gilmore et al. (2007) conducted a haplotype study using seven gene loci—six cpDNA
sequences and one mtDNA sequence—whose polymorphisms consisted of SNPs, single base
indels, or variable length repeated motifs. They examined 76 Cannabis accessions, including
Central Asian germplasm. Unfortunately, the study’s flaws are manifold. Their alignments did
not consistently handle indels within homonucleotide runs and tandem repeats. The sequences
they chose had essentially no useful variation. They did not trim primers from sequences. Their
“trnH-trnK” was actually psbA-trnH. Sequences they deposited at GenBank revealed errors in
their coding of 7-digit haplotypes. Some accession numbers and GenBank numbers were wrong.
The two tree diagrams they illustrated did not agree. Sixteen accessions were police seizures of
unknown provenance.
Gilmore obtained germplasm from de Meijer, as did Hillig, but Gilmore utilized accessions
that Hillig rejected as hybrids. Nearly all of Gilmore’s Central Asian genetics came from
hybrids, such as “Skunk”, “Skunk No. 1”, “Four way”, and “Breeder’s seed”. Given these
shortcomings, their results are noteworthy. Parsimony analysis segregated the 76 accessions into
three clades. Clade A comprised a majority of fiber-type plants. Clade B included Afghani plants
along with most drug strains—hybrids and unidentified police seizures. Clade C was the most
interesting—accessions of South Asian heritage—12 landraces from India, Nepal, Thailand,
Jamaica, Mexico, and Africa. Gilmore (2005) gave the name C. sativa rasta to plants in Clade C,
of South Asian heritage.
Zhang et al. (2018b) utilized five cpDNA sequences, rps16, psal-accD, rps11-rps8, rpl32trnL, and ndhF-rpI32, chosen after searching for highly variable regions in four completelysequenced chloroplast genomes (Oh et al. 2016, Vergara et al. 2016a). Combined alignment of
the five cpDNA sequences covered 3635 bp, harboring 19 SNPs and four indels.
They sequenced 645 plants from 52 accessions: three European fiber-types, a Korean fibertype, 16 fiber-types from across China, 25 wild-type accessions from across China, two
ostensible drug-type landraces (from Dagestan and Nigeria), and three drug-type hybrids
reportedly ≥70% “Indica” (“Purple Kush”, “Afghanica”, “Dame Blanche”). Their study would
have benefited by including non-hybridized South Asian landraces (the pedigree of the Dagestani
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and Nigerian plants is unknown). They did include two “landrace” accessions from Xīnjiāng
Region, which may represent drug-type Central Asian landraces (their map shows these were
obtained near Hotan and Ürümqi—two hotspots of cannabis drug use in China).
The plants segregated into 25 haplotypes. Many of the 52 accessions contained individuals
with different haplotypes. Polymorphic accessions usually consisted of individuals with two
haplotypes. For example, individuals from two Xīnjiāng wild-type accessions harbored either H9
or H1 haplotypes. One fiber-type landrace from Gānsù included individuals spanning five
different haplotypes. Only 25 accessions consisted of individuals with a single haplotype. For
example, accessions with the single haplotype H9 included the three drug-type hybrids, both
Xīnjiāng “landrace” accessions, and one of the five Xīnjiāng wild-type accessions.
Zhang and colleagues conducted a spatial analysis of molecular variance (SAMOVA) to
determine the optimal number of haplogroups (K = n) to divide the haplotypes, based on cpDNA
variation and geographical coordinates. The data best fit K = 3 haplogroups, corresponding to
haplogroup H (High, mostly north of 40º N), haplogroup M (Middle, between 43º and 27º N),
and haplogroup L (Low, mostly south of 30º N). Fourteen of the polymorphic accessions
contained individuals that segregated into more than one haplogroup. Individuals in the
aforementioned Gānsù landrace fell into all three haplogroups.
They used Bayesian inference (MrBayes) to determine phylogenetic relationships of the
haplotypes, with Humulus and Aphananthe as outgroups. Branch lengths leading to three clades
(the three haplogroups) were very short, and the phylogram did not include clade credibility
values (posterior probability values). The phylogenetic tree was difficult to interpret. For
example, haplotype H9 (with the three drug-type hybrids, both Xīnjiāng landraces, and
polymorphic accessions from Xīnjiāng, Tibet, Qīnghǎi, Gānsù, Shānxī, Inner Mongolia, and
Yúnnán) was sister to H12 (‘Carmagnola’, a European fiber-type cultivar). The Dagestani and
Nigerian accessions formed a clade, sister to a clade with H1, which included ‘Kompolti’, Korea,
and polymorphic accessions from Xīnjiāng, Inner Mongolia, and ‘Futura75’.
To identify climatic factors affecting distribution of the haplogroups, they tested correlations
with bioclimatic factors. Haplogroup distribution correlated best with mean day length, followed
by mean temperature and mean precipitation. These results are somewhat circular, because
SAMOVA divided the haplogroups by latitude, and mean day length is a function of latitude.
Zhang and colleagues also grew 43 accessions, to measure phenotypic traits (plant height, stem
diameter, number of days to achene maturity). Phenotypic traits also correlated with latitudinal
gradients—plants from Haplogroup H were the shortest (𝑥̅ =99.2 cm), with the thinnest stems (𝑥̅
=0.54 cm), and the shortest time to achene maturity (𝑥̅ =77.2 days). Plants from Haplogroup L
were the tallest (𝑥̅ =238.0 cm), with the widest stems (𝑥̅ =1.14 cm), and the longest time to
achene maturity (𝑥̅ =133.6 days).
Three nuclear DNA (nDNA) sequences have been utilized by Cannabis researchers: internal
transcribed spacer 1 and 2 (ITS1 and ITS2), and the genes encoding THCA synthase and CBDA
synthase. The proteins are abbreviated THCA-S and CBDA-S, the genes are italicized as THCAS
and CBDAS.
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Dai et al. (2012) sequenced ITS1-ITS2 from a drug-type plant in Xīnjiāng Region, and a
fiber-type plant from Yúnnán. They compared the sequences to two ITS1-ITS2 sequences in
Genbank (accessions from India and Germany), with Humulus japonicus as outgroup. The Indian
and German sequences were identical, forming a clade with Xīnjiāng; longer branch lengths
placed Yúnnán sister to the drug strains.
Early studies of THCAS polymorphisms did not include accessions from Central Asia
(Kojoma et al. 2006, McPartland and Guy 2010, Rotherham and Harbison 2011). Russo et al.
(2008) probed ancient DNA from a Central Asian plant, found in a tomb in Yánghǎi, Xīnjiāng
Region. They cloned two THCAS sequences, named China F and China F(h). China F was
identical to other THCAS sequences deposited at Genbank by Kojoma et al. (2006). China F(h)
differed from China F at two SNPs, and did not match any sequences deposited at Genbank.
Van Bakel et al. (2011) sequenced THCAS and CBDAS in an “Indica-dominant hybrid”
named “Purple Kush”. They identified two copies of THCAS: one with 99% nucleotide identity
to the recognized THCAS sequence, the other with 91% identity that they considered a THCAS
pseudogene. “Purple Kush” also contained three CBDAS pseudogenes, with premature stop
codons and frame shift mutations. They proposed a two-loci model of cannabinoid inheritance—
two tightly-linked yet separate THCAS and CBDAS loci—rather than the single-locus model (de
Meijer et al. 2003).
Onofri et al. (2015) searched for SNPs in THCAS and CBDAS in 18 accessions of fiber- and
drug-type plants. Several accessions harbored more than one polymorphism, indicative of
multiple copy numbers. Drug-type “Haze” expressed four polymorphic THCAS sequences. Three
Afghani “hashish landrace” accessions expressed three polymorphic sequences between them.
One sequence with four SNPs was unique to Afghani plants and a Moroccan “hashish landrace.”
Collectively, THCAS averaged 2.9 SNPs per sequence, and CBDAS averaged 5.7 SNPs per
sequence. The greater variation in CBDAS sequences was taken as evidence that it was the
ancestral synthase gene, from which THCAS evolved. The authors offered alternative
hypotheses: THCAS mutations may be more deleterious to plant survival, or CBDAS has been
under greater positive selection pressure. Onofri also measured THC and CBD content in the 18
strains. They used this data to identify which polymorphisms expressed fully-functional
enzymes, and which polymorphisms expressed enzymes with less (or no) catalytic ability.
Weiblen et al. (2015) sequenced THCAS and CBDAS from “Skunk #1 (a drug-type hybrid)
and ‘Carmen’ (a fiber-type cultivar). “Skunk #1” yielded three THCAS homologues and two
CBDAS pseudogenes. ‘Carmen’ yielded a CBDAS sequence and three THCAS pseudogenes.
They constructed a gene tree of these sequences, and performed a dN/dS (i.e., Ka/Ks) analysis.
The dN/dS results showed that CBDAS was targeted by selection pressure—specifically the
CBDAS pseudogenes found in “Skunk #1” and “Purple Kush”. They proposed that selection
pressure at CBDAS was primarily responsible for divergences in THCA/CBDA ratios, contrary
to selection pressure at THCAS, as proposed by McPartland and Guy (2010), based on their
Ka/Ks analysis.
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Weiblen and colleagues grew “Skunk #1 and ‘Carmen’, their F1 hybrid, and F1-selfed F2
progeny, and measured THC and CBD content (percent dry weight in female flowering tops,
using capillary GC-FID). THC/CBD ratios in the F2 population followed a 1:2:1 Mendelian
pattern, consistent with two tightly-linked yet separate THCAS and CBDAS loci. Lastly, they
genotyped the same plants using 103 AFLP markers and 16 microsatellite STRs. AFLP and STR
markers, combined with cannabinoid data, enabled quantitative trait locus (QTL) mapping of
several phenotypic traits: THC%, CBD%, THC/CBD ratio, and total THC+CBD quantity.
McKernan et al. (2016) generated amplicons for THCAS in thirteen medical strains,
including four high-CBD strains. Only one strain had a single THCA-S copy, the rest had
multiple polymorphic copies. “Chemdog” expressed five THCAS copies—one with a stop codon,
one likely inactive, and three putatively active copies. Among the high-CBD strains, “Sour
Tsunami” expressed six THCAS copies—three with frameshift mutations (stop codons), one
inactive, one unknown, and one putatively active homologue.
Many studies have used DNA primers and PCR (polymerase chain reaction) to amplify
anonymous DNA sequences. May of these markers show higher variability than gene sequences,
thus a greater ability to discriminate between individuals. However, random and anonymous
DNA sequences cannot be historically ordered (polarized), so they cannot be used to construct
true phylogenetic trees.
RAPD (randomly amplified polymorphic DNA) utilizes random primers, usually 10
nucleotides long, in a known but arbitrarily-chosen sequence. RAPD is fast and inexpensive,
although it is sensitive to small differences in the PCR technique, and can be difficult to
reproduce in other laboratories. Early RAPD studies did not include accessions from Central
Asia for comparison, or they analyzed police seizures of unknown provenance (e.g., Sakamoto et
al. 1995, Gillan et al. 1995, Jagadish et al. 1996, Shirota et al. 1998, Mandolino et al. 1997,
Forapani et al. 2001, de Meijer et al. 2003).
Piluzza et al. (2013) used RAPD to compare 19 accessions: one Afghani, five of Indian
heritage, three “Skunk” hybrids, and an assortment of fiber-type plants from Europe and East
Asia. The six RAPD primers utilized by Piluzza and colleagues detected DNA polymorphisms,
and the haplotypes were clustered using a NJ algorithm. Plants of Afghani and Indian heritage
fell into separate clusters. Each shared interesting clade-mates. The Afghani landrace was sister
to a cluster of fiber-type plants. The cluster of Indian heritage plants was sister to the “Skunk”
cluster.
Tang et al. (2013) used 14 RAPD primers to analyze 12 wild-type plants and three hemp
cultivars from across China. Two accessions from Xīnjiāng Region formed a clade with four
accessions from Yúnnán—three high-altitude wild-types, and the cultivar ‘Yún má 1’. An
accession from Tibet was basal to all other accessions.
A microsatellite is a short length of repetitive DNA (six nucleotides or under) with repeated
motifs, such as a single nucleotide repeat (e.g., AAAAA), a dinucleotide (e.g., CACACA), or a
trinucleotide repeat (e.g., CAGCAG). Plant geneticists refer to them as simple sequence repeats
(SSRs), and forensic geneticists and genetic genealogist refer to them as short tandem repeats
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(STRs). Early SSR studies did not include accessions from Central Asia for comparison, or they
analyzed police seizures of unknown provenance (Hsieh et al. 2003, Alghanim and Almirall
2003, Gilmore and Peakall 2003, Howard et al. 2008, Mendoza et al. 2009).
Gilmore et al. (2003) used five SSR markers to genotype six fiber-type accessions (four
European, one Chinese, one from the Himalaya in India), and six drug-type accessions (three
African, one Mexican, two hybrids), and one wild-type accession from Nepal. PCA analysis
separated drug-type plants from fiber-type plants, and the wild-type from Nepal separated from
both clusters.
Knight et al. (2010) used five SSRs to compare six seized plants identified as “Sativa” (n= 2)
or “Indica” (n= 4) based on their morphology. PCA analysis clearly segregated “Sativa” plants
from three of the “Indica” plants. The fourth “Indica” exhibited a unique genotype suggestive of
a polyploid condition.
Dufresnes et al. (2017) used 13 SSRs to compare 30 fiber-type accessions and 18 drug-type
accessions. Most of the drug accessions were hybrid “strains,” characterized as “mostly Indica”
or mostly Sativa.” Two with traceable pedigrees were “pure Sativa” (Swaziland, Mexico), and
one was “pure Indica” (Hindu Kush). Genetic relationships were detected using PCA and
STRUCTURE. The latter is probabilistic software that identifies the optimal number of clusters
(K) to divide a population, based on allele frequencies.
According to STRUCTURE, the data best fit K = 2 (two populations)—fiber-type varieties
and drug-type strains. In their PCA of drug accessions, Swaziland and Hindu Kush fell on
opposite ends of Axis I, with Mexico in the middle with the hybrids. They found counterfit strain
names: Some samples with identical strain names were genetically distinct, whereas other strains
with different names were genetically identical. Fiber-type accessions shared a closer
relationship with “Sativas” than with “Indicas”. Other studies show the reverse (Piluzza et al.
2013, Sawler et al. 2015). Fiber-type accessions shared a closer relationship with “Sativas” than
“Indicas”. Other studies show the reverse (Piluzza et al. 2013, Sawler et al. 2015).
Schwabe and McGlaughlin (2018) created primers for 10 SSRs based on a scan of the
Cannabis draft genome for microsatellite repeat regions. They probed 30 drug-type strains,
classified along a gradient of phenotypes (“Sativa”, mixed “Hybrid”, and “Indica”), based on
Wikileaf, an online strain database. PCA showed no evidence of clustering among strains
classified as “Sativa”, “Hybrid”, or “Indica”. STRUCTURE divided the population into K = 2;
“Sativa” they assigned to Genotype 1, and “Indica” they assigned to Genotype 2. However, the
reported phenotypes for many strains matched poorly with their genotypes assigned by
STRUCTURE. For example, they genotyped four samples of “Purple Kush”, reportedly a cross
of two Afghani landraces (thus 100% “Indica”). The four samples were heterogenous. Their
mean genotype was 71% genotype 2 (“Indica”) and 29% genotype 1 (“Sativa”). One sample was
95% genotype 1 (a “Sativa”).
Inter-simple sequence repeat (ISSR) is a mirror of SSR. Like SSR, it targets repeated
motifs. But in this case, the primer consists of dinucleotide or trinucleotide repeats, and the
amplification product is the DNA sequence that follows a microsatellite. Several ISSR studies
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did not include accessions from Central Asia for comparison, or they analyzed police seizures of
unknown provenance (Kojoma et al. 2002, Hakki et al. 2007, Kayis et al. 2010).
Punja et al. (2017) used seven ISSR primers to probe seven accessions that growers in British
Columbia considered genuine landraces. Five were accessions of South Asian heritage, plus
“Ketoma” (i.e., Ketama) was from Morocco, and “Afghani” was from Afghanistan. A
dendrogram (NJ tree) of banding patterns placed “Ketoma” and “Afghani” in a clade, sister to
accessions from Mexico (“Jarilla”) and Africa (“Kilimanjaro”).
Zhang et al. (2013) used ISSRs to sort genetic relationships among 27 “Chinese native hemp
cultivars.” A NJ tree (UPGMA) segregated the cultivars in a pattern consistent with geographic
distribution. The 27 cultivars segregated into three groups at a genetic distance of 0.366; group B
included only two cultivars—the only Xīnjiāng accession, and one from neighboring Qīnghǎi.
The results are peculiar; Zhang (2009) previously analyzed the 27 accessions using RAPD
markers, and published an entirely identical NJ tree.
Amplified fragment length polymorphism (AFLP) uses restriction enzymes to cut DNA
into fragments. For example, the EcoRI enzyme slices DNA wherever the sequence 5’-GAATC3’ occurs. Then short single-stranded segments of DNA called adapters are attached to a subset
of fragments. Primers for the adapters are used to amplify the fragments ligated to the adapters.
Amplified products differ in size because of nucleotides substitutions in the restriction sites,
which add or eliminate enzyme targets. The various-sized fragments are separated into bands by
electrophoresis.
Early AFLP studies did not compare accessions that inform our research (Peil et al. 2003,
Miller Coyle et al. 2005, Datwyler and Weiblen 2006, Kriese 2007, Weiblen et al. 2015). Liu et
al. (2010) used AFLP to analyze 49 accessions from across China. Two accessions from
Xīnjiāng Region were sister to two accessions from Gānsù. That clade was sister to a pair of
accessions from Shǎnxī. Unlike their RAPD study results (Tang et al. 2013), the Xīnjiāng
accessions were distal to accessions from Yúnnán.
Whole genome sequencing (WGS)
Advances in WGS have come rapidly: Sanger sequencing → Shotgun sequencing → Bridge
PCR → Pyrosequencing → Illumina sequencing → High-throughput sequencing (HTS). HTS or
“Next-generation” sequencing uses massively parallel arrays which produce millions of short
reads. The reads are assembled into longer contigs and, ultimately, into scaffolds and complete
genomes. The human genome was sequenced by 2001. Its haploid size is currently estimated to
be 3,234.8 Mb, with 20,412 protein-coding genes. A decade later, the Cannabis genome was
sequenced by two groups. Van Bakel et al. (2011) assembled Illumina reads into scaffolds of
“Purple Kush”, ‘FINOLA’, and ‘USO-31’. Medicinal Genomics Corporation (2011) assembled
“Chemdawg” using Illumina GA IIx, and assembled “LA Confidential” using Roche 454.
“Next-Gen” is now considered “Second-Generation,” replaced by “Third-Generation”
sequencing. Third-Gen, also known as long read sequencing, improves the assembly of repetitive
elements for gene identification. A Third-Gen-assembled genome identified 42,052 protein
coding genes in Cannabis (Grassa et al. 2018). Long reads have identified THCAS and CBDAS
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sequences embedded in repetitive elements, and found significant variation in the copy number
of THCAS and CBDAS among different strains and cultivars (Grassa et al. 2018, McKernan et al.
2018, Laverty et al. 2019).
Van Bakel et al. (2011) published the first classification of Cannabis utilizing WGS data.
They assembled a SNP database by aligning the “Purple Kush” sequence to SNPs in ‘FINOLA’,
‘USO-31’, and “Chemdawg”. A subset of SNPs filtered for quality was utilized to generate a NJ
tree for the four accessions. The dendrogram separated the two fiber-type cultivars from the two
drug-type strains. Since the dendrogram was based on a clustering technique (the NJ algorithm),
it was phenetic, rather than a true phylogenetic analysis.
“Reduced representation” approaches can be used to obtain an evenly distributed sample of
SNPs across the genome. Reduced representation shotgun (RRS) utilizes random ligation to
shear the genome into fragments, which are amplified and sequenced with an Illumina platform.
Genotyping-by-sequencing (GBS) utilizes restriction enzymes to cleave the genome at sequencespecific cut sites. The resulting fragments are amplified and sequenced with an Illumina
platform. Sequenced reads can then be analyzed de-novo or aligned to a reference genome. The
RRS method samples a far greater percentage of the genome than GBS.
Sawler et al. (2015) obtained 124 samples (43 fiber-type cultivars and 81 drug-type strains);
drug-type strains were classified along a gradient of ancestry proportions (percent “Sativa” vs.
percent “Indica”), based on reports in online strain databases. They used GBS for SNP discovery
and genotyping, by coupling ApeKI restriction enzymes with Illumina machines, and aligning
GBS fragments to the “Purple Kush” genome sequence. After quality filtering, they identified an
astounding 14,031 SNPs. Analysis of SNPs with PLINK 1.9 (a WGS analysis toolset) segregated
fiber-type samples from drug-type samples on Axis 1 of the PCA. The clusters of “Sativa” and
“Indica” overlapped on Axis 1. Similar results were obtained with fastSTRUCTURE, where data
from all 124 samples best fit K = 2 (fiber-type plants and drug-type plants).
A second analysis limited to “Sativa” and “Indica” (9,776 SNPs) still showed overlap in the
PCA; proportional ancestry in each sample correlated moderately (r2= 0.36) with PCA axis 1.
Sawler concluded that the two populations “may represent distinguishable pools of genetic
diversity, but that breeding has resulted in considerable admixture between the two.” The
inability to separate “Sativa” and “Indica” and the poor correlation of reported ancestry was also
due to counterfeit strain names: In a comparison of 17 paired samples with the same strain name,
six pairs (35%) were dissimilar, and shared more genetic similarity with other strain names.
Some “Sativa” strains, reportedly landraces of South Asian heritage (e.g., Jamaican, South
African), expressed a genetic structure determined as 100% “Indica” by fastSTRUCTURE.
Medicinal Genomics Corporation (2015) used RRS sequencing to identify 100,000-200,000
SNPs. These data were used to generate a NJ tree with “Purple Kush,” ‘Finola,’ ‘USO-31,’ and
50 hybrid strains. Henry (2015) utilized open-access RRS data to evaluate 28 hybrid strains,
using Adegenet 2.0. K-partition optimized at K = 1. PCA clustering with a subset of 42 mostinformative SNPs, however, clearly segregated three clusters: “Sativa” (n= 17) “Indica” (n= 9),
and two fiber-type strains.

66
Lynch et al. (2015) sequenced 60 accessions using WGS, and added to this dataset seven
previous WGS reads (Van Bakel et al. 2011, Medicinal Genomics Corporation 2011). For SNPcalling they aligned sequences with the “Purple Kush” genome sequence. Then they sequenced
182 accessions using GBS, with ECoRI and MseI restriction enzymes, for SNP-calling. A subset
of 195 accessions from WGS and GBS shared 2,894 SNPs for analysis.
Two algorithms were used to K-partition the 195 accessions. FLOCK recognized K = 3
groups, and fastSTRUCTURE optimized the data at K = 2. The authors went with FLOCK,
because of perceived shortcomings in fastSTRUCTURE, although these perceived differences
are contentious (Anderson and Barry 2015). The K = 3 groups were recognized as WLD biotypes
(e.g., “Afghan Kush,” “Chemdawg”), NLD biotypes (e.g., “Durban Poison,” “Easy Sativa”), and
a polyphyletic “hemp” group (e.g., ‘Finola,’ “AC/DC,” Chinese hemp, Dagestan plants).
Phylogenetic relationships between the 195 accessions were visualized in an unrooted NJ
network—a dendrogram with reticulation (divergence and hybridization among ancestral
lineages). The network revealed aspects of ancestry not captured by a simple bifurcating tree,
such as genetic admixtures between Chinese hemp and feral hemp plants in the USA.
Next they pooled WGS data with GBS data from Sawler et al. (2015), with 4,105 SNPs in
common, and generated a neighbor-joining network with 210 accessions. These data revealed a
second NLD biotype clade, consisting of Indian, Southeast Asian, and South African
populations, along with various “Haze” hybrids. This clade may represent accessions of Indian
heritage with minimal admixture from WLD biotypes. Lastly, they pooled WGS data with both
GBS datasets, a total of 289 accessions, filtered for overlapping SNPs (only 45 SNPs in
common—the two GBS datasets were generated with different restriction enzymes), and used
MEGA6 to generate a NJ tree.
Soornie et al. (2017) collected germplasm from naturalized plants in Iran. They genotyped a
female and male from 35 locations. They also genotyped an accession from Afghanistan (a
female and male), plus 13 fiber-type accessions from the Wagenengin and IPK-Gatersleben seed
banks (a female and male from each). They used GBS, with the ApekI restriction enzyme and an
Ilumina platform, mapped to the “Purple Kush” and ‘FINOLA’ genomes, to identify 24,710
high-quality SNPs.
For a PCA they added GBS data from Sawler et al. (2015)—43 fiber-type and 71 drug-type
accessions. The scatterplot clearly separated fiber-type and drug-type accessions, with Iranian
plants between the two, splitting into two clusters—a larger cluster closer to drug-type
accessions, and a smaller cluster closer to fiber-type accessions. Collectively, FST was higher
(more genetic isolation) between Iranian and fiber-type accessions (FST = 0.086) than between
Iranian and drug-type accessions (FST = 0.039). A second PCA, limited to Iranian samples,
revealed two clusters. The smaller one consisted of samples from Iran’s western states (bordering
Europe). The larger cluster consisted of samples from central and eastern Iran, “these accessions
likely represent remnants of cultivated germplasm from other regions, possibly through
migration of Cannabis from neighboring countries like Afghanistan and Pakistan.” The authors
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concluded that Iranian cannabis “may represent a distinct genetic lineage… Although Iranian
cannabis is not likely a subspecies, it does represent a genetically unique variety of marijuana.”
Grassa et al. (2018) combined data from 367 HTS genomes (Sawler et al. 2015, Lynch et al.
2015, Soornie et al. 2017, and three of their own), mapped to their reference genome
(“CBDRx”). They filtered SNPs that failed the Hardy-Weinberg test, or showed linkage
disequilibrium, arriving at 2,051 SNPs. PCA segregated three populations, labeled “hemp,”
“marijuana,” and “naturalized” (the latter consisting mostly of Soornie’s Iranian accessions)
along Axis 1. ADMIXTURE (K = 3) modeled the 367 admixed genomes based on idealized
donor populations from Axis 1 of the PCA. Based on this modeling, the ancestry of “Skunk#1”
was estimated to be 78% “marijuana” and 22% “naturalized.” Pretty accurate: “Skunk #1” is a
hybrid of (Afghani x Colombian Gold) x Acapulco Gold (de Meijer 1999).
Discussion
SF.11. Crossbreeding C. indica and C. afghanica into “Sativa” and “Indica”
Many phenotypic differences between South Asian and Central Asian Cannabis are due to
environmental adaptation and natural selection, as detailed in the main document. The two
populations evolved under different climatic conditions, in separate floristic regions harboring
unique flora (Fig. 7 in the main document).
Floristic regions became “centers of diversity” (CODs), where wild-type plants were
domesticated by humans. Vavilov (1935) named eight CODs around the world. Vavilov’s
“Indian COD” (most of India excluding the northwest) corresponds geographically to the Indian
floristic region (Djamali et al. 2012). Vavilov’s “Central Asiatic COD” (northwest India,
Pakistan, Afghanistan, Tajikistan, Uzbekistan, and western Xīnjiāng), corresponds
geographically to the Irano-Turanian floristic region (Djamali et al. 2012). Compare Fig. S14
below with Fig. 7 in the main document).
Vavilov presciently named both the Indian COD and the Central Asiatic COD as two
locations where Cannabis indica was domesticated separately. Wild-type C. himalayensis and
domesticated C. indica came from the Indian COD. Wild-type C. asperrima and domesticated C.
afghanica came from the Central Asiatic COD.
Figure S14. Geographic range
of Vavilov’s Indian COD (labeled
II) and Central Asiatic COD
(labled III). Image cropped from
Vavilov (1935).

68
Phenotypic traits of C. indica and C. afghanica diverged further under human selection, for
example the THC/CBD ratio (Fig. 2 in main document). This arose, in part, to differences in
drug manufacturing: In Central Asia, bulk processing of hashīsh likely did not permit the
selection of individual high-THC plants (de Meijer 1999). Arid and cold climatic conditions in
Central Asia enabled the invention of sieved hashīsh. As early as 850 AD physicians in Baghdad
used Chinese silk fabric, traded via Central Asia, to sieve mixtures of herbal medicines (Sābūr
ibn Sahl 2003).
Making sieved hashīsh was not possible in South Asia: warm and humid conditions caused
glandular trichomes to burst readily, and gum-up sieves. Instead of sieved hashīsh, people in
India manufactured gañjā. Growers could select stray seeds from choice plants with potent
psychoactivity, thereby increasing the THC/CBD ratio over the course of a millennium (Clarke
and Merlin 2013). This practice may be surmised from instructions given in Ānandakanda,
written ca. 1300 AD, which describes how to manipulate individual plants to make gañjā
(Meulenbeld 1989). The first attestation of gañjā, as gañjākinī, appears in Dhanvantarī
Nighaṇṭu, where it is synonymized with bhaṅgā, and described as an intoxicant (Meulenbeld
2002). The text is difficult to date—somewhere between the 10th and 13th centuries (Sharma
1970).
C. indica disseminated from India around the same time. Ibn al-Baitār was a Muslim
physician from Spain who moved to Egypt in the 1230s. He wrote a large pharmacopoeia, which
included two kinds of European hemp—qinnab and qinnab barrī (Dioscorides’s κάνναβις and
κάνναβις άγρíα). He added, “There is a third kind of hemp called qinnab hindī [Indian hemp]. I
met it in Egypt where it was planted in gardens, where it also known as al-hashīsha, the herb”
(Ibn-al-Baitār 1883). His text strongly suggests that Indian landraces had reached the Middle
East by then.
This was the first documentation, but not the last. Fast-forwarding to the 20th century, Clarke
(1998) interviewed a Lebanese farmer from the Bekaa Valley who introduced germplasm from
India into the Middle East.
Germplasm reached Africa at an early date. Archaeological evidence in Africa (pipes
unearthed in Ethiopia that tested positive for cannabinoids) dates to 1320 ±80 (Dombrowski
1971, van der Merwe and Blank 1975).
Al-Bīrūnī, who lived in India from 1020-1030, commented on extensive trade between India
and East Africa at that time: “The reason why in particular Somanath has become so famous is
that it was a harbor for seafaring people, and a station for those who went to and fro between
Sufala in the country of the Zanj and China” (Al-Bīrūnī 1910). Somanath is on the Gujǎrāt coast,
Sufala is likely Sofala (Mozambique), and Zanj is where the Zanzibar coast gets its name.
Crawfurd (1856) proposed that Cannabis was introduced to Southeast Asia (Sumatra) by
Telugu-speaking sailors from southeastern India. They used the word gañjā, a word still attested
in Sumatra. Crawfurd adds that this occurred prior to the arrival of Arabs, who used the word
hashīsh. Sūfīs brought Islam to Indonesia by the 12th-13th centuries (Azra 1994).
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Backer (1948) says the Chinese made note of Cannabis cultivation in Java 900 years ago, but
he does not cite a primary source. Burney et al. (2004) hypothesized a far-older date: Cannabis
fossil pollen appeared in Madagascar around 200 BCE, and Madagascar was settled by
Malagasy-speaking people from Borneo; Burney suggested that colonists in outrigger canoes
brought Cannabis to Madagascar from Borneo. The hypothesis has one hitch—there’s no
evidence of Cannabis growing in Borneo two millennia ago.
Mott (1986) suggested that Cannabis arrived in Brazil around 1650, a century after the
African slave trade began. The names for Cannabis in Brazil—diamba, liamba, riamba,
maconha, pango—have origins in the languages of Angola. Spix and Martius (1828) observed
Cannabis in Brazil, “The seed is probably imported from India and Africa, the plant is different
from Europe by elongated and relatively narrower leaves.” Cannabis likely spread north from
Brazil, to Columbia and Mexico. Jamaican gañjā traces to indentured servants from India, who
began arriving in Jamaica in 1845 (Rubin and Comitas 1975).
The Middle East is likely the first place where South Asian and Central Asian landraces were
crossbred. As mentioned in section SF.8, Ibn Taymīyah (1263-1328) described refugees from
Central Asia with hashīsh flooding into Damascus ahead of Mongol armies. Ibn Taymīyah
mentions a specific type of hashīsh called ghubayrāʾ. Rosenthal (1971) points out that Ibn
Taymīyah implied that ghubayrāʾ was something different from plain hashīsh. Rosenthal gives
its etymological meaning as “little dust-colored one,” which sounds like the powdery texture of
sieved hashīsh.
Three centuries after Ibn Taymīyah, several French travelers in Persia described “Uzbeks”
from Bukhārā visiting Isfahān, who introduced tchouhersse or chars (section SF.8). Tavernier
(1676) described tchouhersse, “qui est comme la fleur ou plûtost un cotton laineux qui se trouve
sur la cheneviere” [which is like the flower or rather a woolly cotton which is on the hemp seed],
which to us sounds like glandular trichomes sieved for hashīsh. Kaempfer (1712) clearly
described hashīsh hash in Persia. Tsjers, “the pollen of flowers,” was shaken off plants and
sieved through a cloth.
Perhaps Central Asian germplasm was carried to the Middle East much earlier: The
Scythians came from Central Asia, and penetrated the Neo-Assyrian Empire during the reign of
King Sargon II (722-705 BC). Around when the Scythians arrived in Assyria, a new word
appeared in Neo-Assyrian cuneiform, which transliterates as qunubu. Linguists consider qunubu
a loanword from the Scythians (Loewenthal 1926, Chantraine 1968, Seidel 1989). Herodotus,
writing in 440 BC, famously described the Scythians cultivating κάνναβις and fumigating it for
psychoactive effects (Herodotus 2007).
Documents from the 19th century hint at germplasm of C. indica and C. afghanica moving
between South and Central Asia. Johnson (1867) stated that “Kashmirees and Baltees of
Iskárdo…have settled in Yarkand in large numbers, for the cultivation of the charas plant, which
they have brought to great perfection.” It would not surprise us if “Kashmirees and Baltees” (of
Kashmir and Baltistan, in South Asia) transported germplasm to Yarkand (Xīnjiāng Region,
Central Asia), or vice versa.

70
It is certain that Kashmiris adopted Central Asian sieving techniques. Jacquemont (1861)
said that Kashmiris “extract the intoxicating dust.” Baden-Powell (1868) described garda
charas, produced by shaking dried plants and collecting the dust that settled on a fine cloth. A
Kashmiri dictionary by Grierson (1916) stated that gard bang was also called churu charas,
churu meaning “powdered.”
Clarke (1998) proposed that hashīsh producers fled the Khanate of Bukhārā (present day
Uzbekistan) to Afghanistan, after Russians invaded Bukhārā in 1866. Burkhārā and Samarqand
were famed for excellent hashīsh (known as charas or nasha). Perhaps the fleeing hashīsh
producers carried germplasm. Clarke (1998) suggested another wave of hashīsh producers fled
from Xīnjiāng (China) to Afghanistan in 1935, after the Chinese cracked down on hashīsh
production. He proposed they took the Chitral route, over the Baroghil Pass, down the Chitral
and Kunar rivers, onward to Mazar-e Sharīf. As they migrated though the Kunar River valley,
Clarke claims they acquired germplasm (Kunar is where Vavilov collected C. indica var.
afghanica), and they grew it for hashīsh in Mazar-e Sharīf. A nice hypothesis, but Vavilov’s
herbarium contains afghanica plants that he collected in Mazar-e Sharīf a decade earlier, in 1924
(herb. WIR).
Afghanis and Indians also migrated between Xīnjiāng and India, and may have transported
germplasm. Bellew (1873a) met a caravan of Bajaur Afghanis with 16 horses laden with charas,
enroute from Yarkand to Ladakh in India. Rizvi (1999) described a small community of Indian
merchants living in Yarkand involved in the nasha trade back in the 1930s. Rizvi interviewed an
old man who recalled that the traders were mostly from Hoshiarpur in Punjab. The morphology
of plants from Hoshiarpur, examined by Turner et al. (1979), was consistent with C. afghanica: a
branchy habit, dull green leaves, and broad leaflets. The THC+CBN/CBD ratio of Hoshiarpur
plants (𝑥̅ = 0.25) was well below the mean for all 20 accessions (𝑥̅ = 22.5), again suggestive of C.
afghanica.
Recent (post-1970) crossbreeding of C. indica and C. afghanica
The conscious hybridization of C. indica and C. afghanica began in California, after Sam
Selgnij collected Afghanistan germplasm in 1971 (Clarke 1998). Afghani plants expressed
unique traits compared to “traditional” USA drug plants, of South Asia heritage, obtained from
Mexico, Columbia, and Thailand (Clarke 1981). Crossing Afghani plants with plants of South
Asian heritage yielded offspring with hybrid vigor (Clarke 1998, de Meijer 1999). This heterosis
effect arises between genetically distant crosses. However, indiscriminate breeding of hybrids x
hybrids often resulted in “garbage” (Clarke 1998). Within 15 years of Afghani germplasm
reaching California, unhybridized plants of Indian heritage, as well as unhybridized Afghani
landraces, had become difficult to obtain (Clarke 1987).
Alarmingly, foreign germplasm has corrupted South Asian and Central Asian landraces in
their former centers of diversity (see the main document). Beisler (2006) boasted of importing
“Mexican Gold” into Kabul around 1972. Pietri (2009) stated that Beisler crossed “Acapulco
Gold” with Afghani landraces in Afghanistan. Evidence suggests hybrids have penetrated
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Xīnjiāng Region. Sun et al. (2017) analyzed the cannabinoid content in eight samples from
Xīnjiāng. Three had no measurable CBD content, and the THC/CBD ratio of others was as high
as 32.9. This ratio is 25-fold higher than Xīnjiāng plants measured 25 years ago (Zhang and He
1992, Zhu et al. 1992, Cao et al. 1993).
Samuels (2008) reported, “growers in Califonia and elsewhere are producing hundreds of
exotic new strains…the percentages [of “Indica” versus “Sativa” in a hybrid] are arbitrary,
because of all the cross-breeding. You take a ‘Blueberry’ and you cross with a ‘Kush’ and you
go back into ‘Trainwreck,’ and how do you get a percentage from that?” Samuels summarizes,
“The variety of buds being sold as ‘Kush’ has proliferated to the point where even the most
catholic-minded botanist would be hard pressed to identify a common plant ancestor.”
SF.12. Intermediate forms; East Asian hemp
Intermediate forms
Subspecies and varieties are capable of interbreeding and gene exchange, by definition under
the BSC, which gives rise to intermediate forms. This issue was addressed by Small and
Cronquist (1976), who described intermediate forms between domesticated C. sativa var. sativa
and its wild-type C. sativa var. spontanea.
Intermediate forms between domesticated plants and wild-type plants are commonly seen in
herbarium specimens: between domesticated C. indica and wild-type C. himalayensis, and
between domesticated C. afghanica and wild-type C. asperrima (see list of herbarium
specimens). Intermediate forms in may represent domesticated populations in the process of dedomestication, or true hybrid forms. Measuring their THC/CBD ratios might address this
question—domesticated populations in the process of regaining wild-type achenes should retain
their THC/CBD ratios, whereas hybrids would not.
Intermediate forms also arise between domesticated C. indica and domesticated C. afghanica
(see list of herbarium specimens). Hybrids of C. indica and C. afghanica could have arisen
naturally. Their ranges are not far apart, and migratory animals could have carried seeds from
one area to the other. For example, the Himalayan Greenfinch (Hypacanthis spinoides), whose
“favourite food is the seed of the wild hemp,” ranges from the Samana Mountains (on the border
of Afghanistan) to Manipur in northeastern India (Whistler and Kinnear 1949). Wilson and
Korovin (2003) counted 793 seeds of Cannabis sativa in the crop of an Oriental turtledove,
Streptopelia orientalis, caught on the border of Russia and Kazakhstan. S. orientalis is
migratory, and its range includes northern India, Afghanistan, Turkestan, and China.
More likely, humans orchestrated crosses between C. indica and C. afghanica, as we detailed
in the previous section. These hybridization events, and their taxonomic consequences, arise in
crop plants with multiple domestication events, such as beans, wheat, and rice (Pickersgill et al.
2001). “It is probable that the cultivation of hemp arose simultaneously and independently in
several places” (Vavilov 1926).
Intermediate forms between C. indica and C. afghanica are seen in herbarium specimens
from Pakistan, which is the center of diversity for C. sativa subsp. indica—all four varieties
occur there. Pakistan is a crossroads of three floristic regions (Ali and Qaiser 1985).
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Intermediate forms dominate herbarium specimens from the Middle East (Egypt, Turkey,
Syria, Lebanon, Palestine, Israel, Jordan, Iraq, western Iran, see list of herbarium specimens).
They could be hybrids between C. indica and C. afghanica, or hybrids of either with European
fiber-type hemp (C. sativa subsp. sativa). Dewey (1914) noted that the Middle East is one of the
few places where farmers grew Cannabis for three products: fiber, seed, and drugs. The plants
likely hybridized. Pulewka (1950) observed that the narcotic content in Turkish plants could not
be determined by their morphology. European hemp has grown in the Middle East for millennia.
Pliny, writing 70 AD, said the best hemp came from Rosea (northwest of Rome) and two Roman
colonies in Turkey, Alabandius and Mylasa (Pliny 1961).
Hybridization between European and Asian Cannabis may have predated human
intervention. Much of the Middle East is located in the Mediterranean Floristic Region
(Takhtajan 1986). The MFR hugs Mediterranean coastlines in Europe (Portugal to Greece), Asia
(western Turkey, Lebanon, Israel, Palestine), and Africa (from Morocco to Egypt). Manafzadeh
et al. (2013) proposed that xerophytic plants from the Irano-Turanian Floristic Region (ITFR)
migrated into the MFR, with range shifts facilitated by climate change and topographic
heterogeneity. The ITRF encompasses arid regions in West Asia (eastern Turkey, Syria, northern
Iraq) and Central Asia—from Iran to Xīnjiāng (Takhtajan 1986). The ITRF is the center of origin
of C. asperrima, so it could have migrated with other ITRF plants to the MFR.
Mayari et al. (2008) describe a westward migration of “oriental” steppe plants into Bulgaria,
facilitated by arid conditions during the Weichselian Late-Glacial period, 15,000–13,000 BP.
During that same period, fossil pollen of Cannabis spread throughout Europe, including Bulgaria
(McPartland et al. 2018). The range of European Cannabis would have overlapped with
“oriental” Cannabis. The Weichselian Late-Glacial period was followed by the warm-and-wet
late Holocene, when pollen consistent with wild-type Cannabis retreated from Bulgaria.
East Asian hemp
Vavilov (1931) considered C. sativa one of the few plants indigenous to Central Asia that
spread to China. Some botanists assigned Chinese fiber-type hemp to Cannabis indica
(Humboldt 1811, Dupin 1831, Itier 1846, Hedde 1848, Tatarinov 1856). Others recognized it as
a separate species, named Cannabis chinensis (Fisher 1810, Winterschmidt 1818, Delile 1849,
Koch 1854, Heuzé 1860), or Cannabis gigantea (Naudin 1850, Vilmorin 1851, Jomard 1852), or
Cannabis sinensis (Macgowan 1850, Vilmorin 1892).
The trinomial Cannabis sativa gigantea has been used (Martius 1832, Alefeld 1866). De
Candolle (1869) reduced the taxon to a variety or sub-variety, as C. sativa 𝛿 chinensis. Pabst
(1887) erected the varietal name C. sativa var. chinensis. Siebert and Voss (1896) used the taxon
C. sativa f. gigantea. Hoffmann (1944) coined the taxon Cannabis var. indica subvar. gigantea.
Hillig (2004) gave the name “C. indica hemp biotype” to East Asian hemp. He worked hard
to parse hybrids from his studies, because East Asian hemp has been extensively crossbred with
European hemp. Genetic evidence (allozyme variation) revealed that East Asian hemp was
genetically diverse, and comprised a subset of the C. indica genepool, rather than European C.
sativa (Hillig 2005a).
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Morphologically, East Asian hemp separated from European hemp in a canonical analysis,
(Hillig 2005b). In a canonical analysis of terpenoids, East Asian hemp segregated from European
hemp (Hillig 2004). The cannabinoid profile of East Asian hemp differed from from European
hemp (Small and Beckstead 1973, Hillig and Mahlberg 2004), particularly regarding high levels
of cannabichromene (CBC) and cannabigerol monomethylether (CBGM).
It is worth clarifying that Central Asian Cannabis, not East Asian hemp, is the drug
consumed in Xīnjiāng Region. Archaeological evidence of cannabis drug use in Xīnjiāng is the
oldest in the world. At Yánghǎi, a drug-use context is secured by the presence of processed
leaves and female flowering tops—no branches, and no male flowers. Some plant material was
stored in a wooden bowl with a smooth inner surface, suggesting its use in a mortar and pestle
arrangement. The material may have been pulverized, like bhāng is prepared today (Jiang et al.
2006). The tomb dates to 766-416 cal. BCE (Flad et al. 2010), or 630 cal. BCE (Beck et al.
2014). Only 30 km away at Jiāyī, which dates to 800-520 cal. BCE, the tomb’s occupant was
covered with a ceremonial “burial shroud” of thirteen nearly whole female Cannabis plants
(Jiang et al. 2016).
On the other side of Xīnjiāng, Ren et al. (2019) unearthed 10 wooden braziers at Jirzankal
necropolis, near Qūshìmàn Village, that date to 500 cal. BCE. The charred braziers contained
burnt stones and pyrolyzed residues, from which cannabinol (CBN) was identified by gas
chromatography-mass spectrometry. The authors report no CBD in the pyrolyzed residues,
which seems questionable, and their methods have shortfalls. They used GC, rather than LC
(HPLC, UPLC), which is the method of choice for cannabinoids. They obtained GC-MS spectra
and ran the spectra through the National Institute of Standards and Technology (NIST) database
for identification. The NIST database can be unreliable for small peaks. Dos Santos et al. (2019)
found that spectral peaks in their GC-MS analysis of CBD only showed 75% similarity with the
NIST database. Ren et al. (2019) report no peaks at m/z 231, identified by NIST as characteristic
for CBD. However, m/z 231 is part of the THC fragmentation pathway (Leghissa et al. 2018), so
the absence of m/z 231 seems peculiar. Lastly, CBD present in the plant may have been lost in
the pyrolyzed residue—pyrolysis converts some CBD to CBN (Küppers et al. 1973).
Ren et al. (2019) interpret the lack of CBD as evidence of careful selective breeding, which
is an over-interpretation of their data. The Cannabis plants at Yánghǎi, which predate the
Jirzankal site by perhaps a century, had nearly equal amounts of THC and CBD (Russo et al.
2008, Ma et al. 2011). People from South Asia selectively bred landraces with potent
psychoactivity for 900 years, but they never completely eliminated CBD. That kind of breeding
effort wasn’t achieved until the 20th century.
Drug use in China also occurs in Yúnnán. Tourist spots in Yúnnán frequented by western
trekkers have gained a reputation for local weed, although the plants are low potency (Clarke
1999). Zhu et al. (1992) analyzed 28 plant populations throughout Yúnnán, and measured
THC+CBN content in female flowering tops, which averaged 0.78%.
Clarke and Merlin (2016) proposed that the Héngduàn Mountains served as a glacial
refugium for Cannabis indica during the Pleistocene. The Héngduàn covers much of present-day
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western Sìchuān, extending into parts of Tibet, Yúnnán, and Burma. They hypothesized that
Cannabis indica germplasm moved from its Héngduàn refugium to Central Asia, under the aegis
of humans. This hypothesis was adopted by Duvall (2015), despite his overall savaging of Clarke
and Merlin (2016) in a book review (Duvall 2014).
We propose carriage in the opposite direction, under the aegis of Sayyid Ajjal Šams al-Din
ʿOmar (1211-1279). Sayyid Ajall came from Bukhārā, and was appointed Yúnnán’s provincial
governor by Kublai Khan. Several lineages of Huí people (Chinese Muslims) trace back to him.
Sayyid Ajall founded Kūnmíng, introduced new agricultural technologies, and constructed
irrigation systems (Chén 1997). Perhaps his entourage introduced Bukhārān germplasm.
We have examined a score of herbarium specimens from Yúnnán. Although phenotypically
variable, their morphology is not consistent with Central Asian landraces: some have broad
leaflets, but oblanceolate shapes are lacking, with short petioles. The pistillate inflorescences are
elongated and loosely structured, with a high perigonal bract-to-leaf index. Yúnnán plants are not
consistent with South Asian plants either: their leaflets are rarely narrow, and the serrations are
too coarse. Their seeds are too large (see list of herbarium specimens).
Drug-type plants grown in Southeast Asia may represent introgression between C. indica and
East Asian hemp. Crévost (1917) erected C. gigantea for plants grown in Tonkin and North
Annam, Vietnam. Chevalier (1944) considered C. sativa var. macrosperma from Vietnam a
unique variety, separate from var. chinensis and var. indica. Likely it was a hybrid. Some
herbarium specimens from Tibet resemble hybrids of var. chinensis and var. indica.
SF.13 Practical applications and future directions
For a classification to have practical application, it needs to work. Central and South Asian
landraces are best distinguished by phytochemistry—their THC/CBD ratios and terpenoid
profiles—and this requires chromatography, which is not very practical. Botanists aimed this
criticism at Small and Cronquist (1976). However, folk taxonomists can distinguish between
“Sativa” and “Indica” by their organoleptic properties, without resorting to chromatography.
Classification is best served if plants can be distinguished by morphology. Folk taxonomists
claim to discriminate between “Sativa” and “Indica” (Fig. 1 in main document). This
discrimination, however, is based on a suite of morphological characters—plant height,
branching habitus, inflorescence density, leaflet shape, and leaflet color.
Any one trait by itself exhibits a continuum amongst populations, and no single trait meets
the “75% rule.” Patten and Unitt (2002) proposed that if 75% or more of a population expresses a
character that separates it from all (98%) individuals of an overlapping population, it qualifies as
a subspecies. C. sativa subspecies meet the 75% rule with phytochemistry. A morphological
marker that approximates the 75% rule is the leaflet L/W ratio. Oblanceolate leaf shape (the
WP/L measure) distinguishes most Central Asian landraces from South Asian landraces. A
biserrate leaflet margin, although not always present, is largely restricted to South Asian
landraces.
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Future directions
Molecular analyses of unhybridized C. indica and C. afghanica will provide information no
longer available in “Sativa” and “Indica”. An unambiguous genetic “barcode” differentiating C.
indica and C. afghanica awaits discovery. Onofri et al. (2015) identified a THCA synthase gene
with four SNPs that was unique in two Afghani accessions and a Moroccan “hashish landrace.”
It was not present in 16 other accessions of fiber- and drug-type plants, but it was also absent in a
third Afghani accession.
In taxonomic groups subject to hybridization and introgression, differences in morphology
may be more reliable than DNA sequences (Moffat et al. 2015). Similarly, phytochemical
profiles may differentiate between hybrid taxa that go undetected with molecular markers (Kirk
et al. 2004).
Several quantitative phenotypic traits await measurement. In three high-THC hybrids, Potter
(2009) examined floral leaves (he called them bracts), and compared their proximal and distal
areas in regards to capitate-stalked glandular trichome (CSGT) density. Proximal areas had a
mean of 2.75 CSGTs /mm2, and distal areas had none. We qualitatively compared proximal and
distal areas in regards to CSGT density. A quantitative comparison of C. indica and C. afghanica
should come next.
The CSGT density on perigonal bracts has not been adequately quantified. Qualitatively,
CSGT density is visibly greater in C. afghanica than C. indica. This correlates with total
cannabinoid content per weight of inflorescence biomass—which is significantly greater in C.
afghanica than C. indica (Hillig and Malberg 2004). CSGT size also awaits a careful analysis.
Small and Naraine (2015) found that CSGT gland heads averaged 129 µm diameter in “highTHC medical marijuana” (hybrids) compared to 81 µm in fiber cultivars.
Perianth structure deserves more attention. The perianth flakes off easily in Central Asian
accessions, even in wild-type plants (Fig. S15). In South Asian accessions, the perianth remains
adherent to achenes, even in many domesticated plants (Fig. 3c in main document). The adherent
perianth is a synapomorphy (ancestral trait) shared with Humulus lupulus (Fig. S15). The derived
(flaky) state is seen in indica-afghanica hybrids (Fig S15 C, D). Only two microscopic studies on
perianth pigmentation have been done (Briosi and Tognini 1894, Small 1975).
Figure S15. Perianth structure.
A. Perianth flaked off achene in asperrima
lectotype. B. Humulus lupulus achenes, one
enclosed in its cystolith-covered bract, the
other exposed with adherent perianth
(China, Davis 1962, K). C. Flaky perianth in
“Skunk #1” hybrid (via Watson, Hillig 1996,
IND). D. Flaky perianth in Lebanese
landrace, likely a hybrid (via CPRO, Hillig
1996, IND).
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CSGT gland head abscission should be investigated. Hammond and Mahlberg (1977) showed
that CSGTs “possess a dehiscence mechanism whereby the gland head separates from the
multicellular stalk when physically disrupted.” They used the phrase “dehiscence mechanism,”
although “abscission mechanism” would be more accurate. Potter (2009) reported two
mechanisms by which gland heads detach from stalk cells. In Central Asian plants cultivated for
hashīsh, Ledbetter and Krikorian (1975) noted “a very tenous connection attaches the globoid
head to the multicellular stalk.”
Clarke (1987) stated that CSGT gland heads of C. afghanica abscised after a hard rain,
whereas they remained attached in C. indica. This may reflect natural selection—Autumn rains
are rare in Afghanistan, compared to monsoonal South Asia. Artificial selection may have also
played a part—freely abscising gland heads are favorable for producing sieved hashīsh. In South
Asia, where gañjā is consumed, persistant gland heads are favorable.
Lastly, cystolith trichomes might also provide taxonomically useful characters. Sharma
(1975) reported differences in cystolith size and density (Table S5). Ballard (1915) reported
differences in cystolith morphology between “native American Cannabis” and “foreign
Cannabis.” In contrast, Nakamura (1969) found no significant differences in cystolith structure
amongst different populations of Cannabis, “with respect to geographic origin or whether it is
called C. indica, C. americanus, or C. sativa.”
Representative herbarium specimens
“Taxonomic work based on herbarium specimens is the essential first step in any systematic
study” (McAllister 1999).
Cannabis sativa subsp. indica var. indica
Holotype: INDIA: likely Pondicherry, Lamarck, no date, annotated “Chanvre rapporte de l’Inde par M.
Sonnerat” (P).
ANGOLA: Huila, Powell-Cotton, 1937 (BM).
BANGLADESH: Rajshahi (“Bengal, Nowgong, Rajshahye”), Clarke, 20.II.1877 (BM). Dhaka, Manik
Ganj, Soejarto & Rahma, 7.VI.1978 (K).
BRAZIL: banks of Nhamunda River near the Amazon, Traill, VI.1874 (K, sinsemilla specimen). Bahia
State, Glocker in herb. Shuttleworth, 1842 (BM, sinsemilla specimen). São Paulo, Campinas, Dias,
25.II.1987 (US).
CHINA: Xīzàng Region, Chumbi Valley, Lingmuthang, Rolunoo Lepcha, 12.IX.1912 (GH).
COLOMBIA: Antioquia Department, near Medellín, Gabriel, I.1941 (US). Cundinamarca Department,
Bogotá. Idrobo, 14.IV.1955 (US). Cundinamarca Department, Bogotá, Plowman, 6.VI.1972 (GH).
ETHIOPIA: Harar, ICRO, 27.III.1959 (K).
GABON: bank of Gabon River, Mann, VII.1861 (K).
INDIA: No location, “Cannabis indica trifolia, Bangue Indorum,” Plukenet, undated, ca. 1696 (BM). No
location, “Cannabis indica,” Willdenow B-W 18367, undated, ca. 1800 (B). Uttar Pradesh, Kanpur
(“Sudallapur”), Buchanan-Hamilton, no date (K, Wallich 4665a). Chennai (“Madras”), Herb.Madras,
no date (K, Wallich 4665d). Karnataka State, Kodagu (“Coorg”), Metz, 1849, Hohenacker exsiccate
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(LE). Kerla, Munnar, reprod. by Hillig, 1996, Indiana University (IND In-1). Meghalaya, Shillong,

Choudhury, 21.II.1962 (GH). Sikkim, “Herb. Ind. Dr. Hook. fil & Thomson, alt. 0-7000 feet, Regio:
trop.”, J. D. Hooker, no date (BM). Tamil Nadu (“Madas”), Coimbatore, Bircher, 28.VII.1893 (K).
Tamil Nadu, Dindigul, Matthew, 12.XII.1986 (K). Tamil Nadu, Hosur, Yeshoda, 2.VIII.1932 (NY).
West Bengal, Kolkata (“Calcutta”), Wallich, no date (K, Wallich 4665f).
IRAN: No location, E.A. Willmott, 31.VII.1854 (K). Tabriz, A.C.Trott, 1934 (K).
JAMAICA: No location, W. March, 1896 (K). No location, reprod. by Hillig, 1996, Indiana University
(IND Jm-2).
MALAWI: Mulanje, Phippa, 29.III.1960 (K).
MEXICO: Paringaricutiri (possibly Parangaricutiro, Michoacán), Lumholtz, VIII.1896 (US). No location,
cult.@ Univ.Mississippi, Quimby M-A, Schultes, Plowman & Lockwood 64M, 31.VII.1972 (ECON).
MOZAMBIQUE: Luaho, bank of Zambesi River, Kirk & D. Livingston, 25.V.1858 (K).
NEPAL: Kathmandu, Wallich, 1821 (K, Wallich 4665g). Jumla District, Karnali Valley, Lapha, Polunn,
1952 (GH). No location, cult.@ Univ.Mississippi, Quimby Ne-B, Schultes, Plowman & Lockwood 58B,
31.VII.1972 (ECON).
PAKISTAN, Punjab, banks of Chenab river, “Herb. Ind. Or. Hook. fil & Thomson”, Thomson, X.1846
(K). Punjab, Rawalpindi, Steward, II.1913 (NY).
RÉUNION: No location, Boivin, Plantae insula Borboniae no. 1107, 1847-1852 (LE).
RUSSIA: Dagestan, Hassav-jurt, Nekrassova, 13.IX.1928 (GH).
SIERRA LEONE: No location, cult.@ Univ.Mississippi, Quimby Si-A, Schultes, Plowman & Lockwood
69, 31.VII.1972 (ECON).
SINGAPORE: grown from confiscated seed, Henderson, IX.1930 (K).
SOUTH AFRICA: No location, cult.@ Univ.Mississippi, Quimby A-A, Schultes, Plowman & Lockwood
50A, 31.VII.1972 (ECON). Orange Free State & Transvaal, Molyneux, 1880 (BM). Transkei region,
reprod. by Hillig, 1996, Indiana University (IND SA-2).
TANZANIA: Kahama District, Mininga, Speke & Grant, IV.1867 (K). Ubena, Davies, 10.IV.1932 (K).
Mbeya, Burt, 18.X.1936 (K).
THAILAND: Chang Mai, Smith - 21.VIII.1993 (GH). No location, cult.@ Univ.Mississippi, Quimby TiC, Schultes, Plowman & Lockwood 88E, 31.VII.1972 (ECON). Sakon Nokhon, reprod. by Hillig, 1996,
Indiana University (IND Th-2).
UGANDA: No location, reprod. by Hillig, 1996, Indiana University (IND Ug-1).
UNITED STATES: Massachusetts, Boston, “Michoacan”, Plowman, 1970 (GH). Boston, “Alcapulgo
gold”, Plowman, 1970 (GH). Boston, “Columbian,” Plowman, 1972 (GH).
VIETNAM: No location, cult.@ Univ.Mississippi, Quimby V-A, Schultes, Plowman & Lockwood 86G,
31.VII.1972 (ECON).
ZIMBABWE: Northern Rhodesia, Fanshawe, 22.III.1958 (K). No location, reprod. by Hillig, 1996,
Indiana University (IND Zm-1).

Cannabis sativa subsp. indica var. himalayensis
Neotype: INDIA: Himachal Pradesh, Shimla or Kinnaur (“Himalaya Boreal. Occident., Regio Temp.”),
T. Thompson, 1847 (GH).
BANGLADESH: Dhaka, C.B.Clarke, 20.V.1872 (LE). East Bengal, Griffith, ca. 1835 (LE). East Bengal,
Jessore, Clarke, 30.VI.1874 (US).
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BHUTAN: Gamri Chu (east of Trashigang), Grierson & Long, 19.VI.1979 (K). Trashigang, Grierson &
Long, 18.VI.1979 (K).
BURMA: Mandalay Region, Toong Dong Mountains near Inwa, Wallich, 24.XI.1826 (K, Wallich
4665h).
INDIA: No location, cult.@ Univ.Mississippi, Schultes, Plowman & Lockwood 78A, 31.VII.1972
(ECON). No location, “Herb. Ind. Or. Hook. fil. & Thomson, Gangetic plain, Regio trop., alt. 1000 ft.”
Thomson, no date (GH). Himachal Pradesh, Dalhousie, C.B. Clarke, 30.IX.1874 (LE). Himachal
Pradesh (“Punjab”), Bashahr State, Koelz, 6.X.1933 (US). Haryana (“Punjab”), Karnal jungle,
Drummond - 27.IV.1886 (K). Himachal Pradesh, Simla, Felding, 1867 (K). Jammu & Kashmir, above
Bandipora 6500’, B.B. Osmaston, 4.VIII.1928 (K). Jammu & Kashmir, near Srinagar, Schlagintweit,
“Herbarium Schlagintweit from India and High Asia: Western Himálaya”, X.1856 (LE). Punjab,
Pathankot, Koelz, 1936 (GH). Punjab, Keshopur, Koelz, 7.III.1931 (NY). Sikkim, Lhonak valley G.H.
Cave, IV.1915 (BM). Uttarakhand, Kumaon, Strachey & Winterbottom, 1846-1849 (GH). Uttarakhand,
Garhwal, Sukhi, Schlagintweit, 5.X.1855 (GH). Uttarakhand, Kumaon, Tejum-Girgaon, Rao,
10.VI.1958 (GH). Uttarakhand, Tehri-Garhwal, Harsil, Huggins, 24.IX.1953 (BM). Uttarakhand,
Garhwal, Dehra Dun, Singh, 1928 (NY). Uttarakhand, Garhwal, Dehra Dun, Naithani, 15.V.1973 (GH).
Uttarakhand, Sivalik Hills near Dehradun, Skvorksov & Proskuriakova, 24.IX.1972 (LE). Uttar
Pradesh, Bareilly, Roxburgh, 1796 (K, Wallich herbarium 4665 b). Uttar Pradesh, Saharanpur district,
reprod. by Hillig, 1996, Indiana University (IND In-5).
NEPAL: East Nepal, Myong Valley, J. D. Hooker, 21.X.1848 (K). East Nepal, Janakpur, Choarma,
Yonekura, 3.VIII.1985 (BM). Kaski District, Pokhara, McPartland, X.1986 (BPI). Myagdi District,
Tatopani, McPartland, X.1986 (BPI). Mustang District, Kalopani, McPartland, X.1986 (BPI). Mustang
District, Kalopani, reprod. by Hillig, 1996, Indiana University (IND 891192). Mustang District, Lete,
Miehe, 12.X.1977 (BM). Sunsari District, Himal. Bor. Occ. regio. temp., Hooker & Thomson, 1848
(GH).
PAKISTAN: Gilgit-Baltistan (“Tibet”), Hasóra, Das via Góltere or Nugá, Schlagintweit, 20.IX.1856
(GH). Azad Kashmir, Chakothi (“Cashmere, Chakath to Uri”), Young, VIII.1880 (BM). Azad Kashmir,
Shekh Bela, Steward,14.VIII.1953 (BM). Federally Administered Tribal Area, Tirah, reprod. by
Qazilbash, at Khyber Pakhtunkhwa, Peshawar, XII.1975 (GH). Khyber Pakhtunkhwa, Kaghan Valley,
Mahandri (next to Kashmir), Afzel & Chudhari, 29.IX.1977 (GH).

Intermediate forms, indica—himalayensis
Many of these herbarium specimens contained fruits truly intermediate between domesticated forms
(var. indica) and wild-type forms (var. himalayensis), such as Wallich’s collection in Burma. Other
herbarium specimens lacked diagnostic fruits; they were either male plants or immature plants. Lacking
fruits, their status as indica or himalayensis could not be clearly determined, such as Wallich’s collection
in India.
AFGHANISTAN: “Affghanistan,” No location, Griffith 1304, Herb. Lemann (K).
INDIA: Karnataka, Sudallapur, Hamilton, 5.I.1809 (K, Wallich 4665a). West Bengal, Kolkata
(“H.B.C.”), Hamilton, 21.I.1815 (K, Wallich 4665a). Chennai (“Madras”), Wallich, Herb.Madras, no
date (K, Wallich 4665d). Himalaya region (“1-7000 ft”), T. Thompson (“Herb. Ind. Or. Hook. fil. &
Thomson”), no date (LE). Karnaka (Mysore), Sudallapur, Hamilton, 5.I.1809 (K, Wallich 4665a).
Kashmir, No location, Aitchison 15, 8.XII.1875 (K). Sikkim, “East Nepal,” Hooker, 1851 (K).
Uttarakhand, Kumaon, Strachey & Winterbottom - 1846-1849 (K). Uttarakhand, Almora District,
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reprod. by Hillig, 1996, Indiana University (IND In-2). Uttarakhand, Pauri Garhwal, reprod. by Hillig,
1996, Indiana University (IND In-4).
PAKISTAN: Chitral, Drosh, Stainton, 3.VI.1958 (BM).
SOUTH AFRICA: Pretoria, Codd - 1.IV.1954 (K).

Cannabis sativa subsp. indica var. afghanica
Neotype: AFGHANISTAN: Ghazni Province (formerly in Kandahar Province), near Gui-Akhen (ГуйАхен) village near Qala-i Murvardar (Кала-и Мурвардар), on the Ghazni-Kandahar road, Vavilov,
1924, from seed sown by Serebriakova in 1926 at North Caucasus Experiment Station, Maikop,
Krasnodar Krai (WIR 609, 3945; labeled C. sativa).
Epitype: AFGHANISTAN: Kandahar Province, near Kandahar, Schultes, XII.13-20.1971 (ECON
26505).
AFGHANISTAN: No location, cult.@ Univ.Mississippi, Quimby Af-A, Schultes, Plowman & Lockwood
52T, 31.VII.1972 (ECON). No location, “G13” strain, reprod. by Hillig, 1996, Indiana University (IND
Af-4). Badakhshan Province, Fayzabad, Vavilov, 1924, reprod. by Serebriakova in 1925 at KamennayaStepnaya Exp. Station, Voronezh Oblast (labeled C. sativa, WIR 589,3948). Ghazni Province (formerly
in Kandahar Province), Gui-Akhen (Гуй-Ахен), Vavilov, 1924, reprod. by Serebriakova in 1925 at
Kamenno-Stepnaya Exp. Station, Voronezh Oblast (labeled C. sativa, WIR 609, 7380). Ghazni, reprod.
by Hillig, 1996, Indiana University (IND Af-2). Herat Province, Mārwā, Vavilov, 1924, reprod. by
Serebriakova in 1928 at Ukrainian Station (labeled C. sativa, WIR 586, 3940). Jowzjan Province,
Sheberghān, Vavilov, 1924, reprod. by Serebriakova in 1926 at North Caucasus Experiment Station,
Maikop, Krasnodar Krai (labeled C. sativa, WIR 587, 3951). Kandahar Province, near Kandahar,
Schultes, XII.13-20.1971 (ECON 26504). Kandahar Province, near Kandahar, Schultes, XII.13-20.1971
(ECON 26508). Nangarhār Province, Jalālābād, Schultes, XII.13-20.1971 (ECON 26500).
Nangarhār Province, Jalālābād, garden of Hotel Spinghar, Uotila, 29.V.1972 (ECON).
CHINA: Xīnjiāng region, Shache (Yarkant), Henderson, 30.VIII.1870 (K, labeled Cannabis sinensis).
Xīnjiāng Region, Turpan archaeological site (images in Jiang et al. 2006, Russo et al. 2008, Jiang et al.
2016). Xīnjiāng, near Ürümqi, Zimuquan Sheep Farm, Guan Kezhen, 7.VII.1957 (PE 00557992).
Xīnjiāng, Aksu Prefecture, Kalpin County, Li & Zhu, 8.IX.1958 (PE 00761678).
IRAN: South Khorasan Province, Mud-e Dahanab, Cherniakovskaya, no date, reprod. by Serebriakova in
1928 at Ukrainian Exp. Station (WIR 695,3978). Khorasan Province, Nauzad, Cherniakovskaya,
22.IX.1925 (LE).
KYRGYZSTAN: Osh Oblast, Kurbantal-Mady, Brshesijky, 26.VI.1891 (LE)
PAKISTAN (“Afghanistan, Kurrum Valley”): Federally Administered Tribal Areas, Kurram Valley,
Shalizan, Aitchison, 26.VI.1879 (K). No location, cult.@ Univ.Mississippi, Quimby P-A, Schultes,
Plowman & Lockwood 56H, 31.VII.1972 (ECON). Khyber Pakhtunkhwa (“North-West Frontier
Province”), reprod. by Hillig, 1995, Indiana University (IND Pk-1).
RUSSIA: Krasnodar Krai, Sochi Exp. Station, Serebriakova, collected 1922, reprod. 1925 at KamennayaStepnaya Exp. Station, Voronezh Oblast, labeled C. indica (WIR 307,5573). Crimea, Yalta, Nikitsky
Botanical Garden, Serebriakova, 1922 (WIR 3423).
TAJIKISTAN, Khujand District, Histevarz, Cherniakovskaya 118 - 19.VII.1914 (LE)
TURKMENISTAN: Daşoguz Province, Shorkala, Bukinich, 23.VI.1924 (LE).
UZBEKISTAN: Tashkent, Regel, VIII.1876, labeled C. sativa 𝛽 vulgaris (LE). Tashkent, Vavilov, reprod.
1925 at Kamenno-Stepnaya Exp. Station, Voronezh Oblast, Serebriakova (WIR). Ferghana Valley,
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Andijan Region, von Knorring & von Minkwitz 1423, 4.VII.1911 (LE). Kokand, Bekabad; cult. Hillig,
Bloomington Indiana, 11.X.1996, no. 00314 (IND).

Cannabis sativa subsp. indica var. asperrima
Lectotype: KYRGYZSTAN, Issyk-Kul Region, east of Lake Issyk Kul near Karakol, leg.: A. Regel; det.:
E. Regel, 1.X.1877 (LE).
Epitype: AFGHANISTAN, Kunar Province, Chekhosarai (now Asadābād), Vavilov, 1924, from seeds
sown by Serebriakova in 1927 at Pushkin Experiment Station, Detskoye Selo, St. Petersburg (WIR 599,
3952).
AFGHANISTAN: No location, “Herbarium of the late East India Company,” Griffith 4686, 1863-4 (K).
Badakhahan Province, near Fayzabad, Podlech 1277453, 25.IX.1965 (LE). Badakhahan Province,
between Bahrak and Zebak, Gibbons, 13.VI.1971 (K). Kunar Province, “Chekosarai,” Vavilov, 1924,
reprod. by Serebriakova in 1927 at Pushkin Experiment Station, Detskoye Selo, St. Petersburg (WIR
599, 3953). Nuristān Province, Radam Obe near Wama, 1400 m, V.N. Lebedev, 14.VIII.1924 (LE).
Nuristān, J. K. Street,13.X.1965, no. 235 (F). Nuristān, Kamdesh, J. K. Street,13.X.1965, no. 226 (F).
CHINA: Xīnjiāng Region, northeast slopes of Tiān Shān, 1650 m, Hūtúbì River drainage, Morefield,
25.VI.1989 (GH). Xīnjiāng Region, upper Bortala River, 5-6000 ft, A. Regel, 4.VIII.1878, labelled “C.
sativa 𝛽 vulgaris” (LE). Xīnjiāng Region, Ürümqi, Qin Renchang, 14.VII.1956 (PE 00557984).
KAZAKHSTAN: Almaty Province, Zailiyskiy Alatau, Karkara River, “Thian Shan Alatau transiliensis
4000-7000 ft,” Semenov-Tyan-Shansky No. 163, 7.1857 (LE, label H. lupulus corrected to C. sativa by
Herder). Almaty (“Vyernyi”) Region, Zailiyskiy Alatau, Sokalsky, 14.VI.1907 (BM). Almaty Province,
Kordai mountain pass, Shuvalov & Bagmet, 3.VII.1994 (WIR). Almaty Region, Zharkent, Divnogorski,
12.V.1907 (LE).
KYRGYZSTAN: Issyk-Kul Region, hills above Dschirgalan (Jyrgalan) River, leg.: A. Regel; det.: E.
Regel, XI.1877 (LE). Issyk Kul Oblast, near Uital, Flora Iliensis, Krassnow, 1886 (LE). Issyk Kul
Oblast, near Karakol (“Przhevalsky”), Krassnow, 1886 (LE). Issyk Kul Province, Karasay-Sirt valley,
Roborovsky,1889 (LE). Batken Province, Leilek District, Katran, von Minkwitz 731 - 19.VI.1913 (LE).
Chuy Region, Suusamyr Valley, Roshevitz, 25.VII.1908 (LE). Chuy Region, Kemin District, Ak-Tüz,
Shuvalov & Smekalova, 6.VIII.2006 (WIR).
PAKISTAN: Azad Kashmir (“Cachemire”), Shekh Bela, Stewart, 14.VIII.1953 (BM). Punjab, Lahore,
Chaudhuri, III.1938 (GH).
TAJIKISTAN, Sughd Province, Chorku, 1150 m, Ul’ianova, 15.VII.1969 (ECON). Gorno-Badakhshan
region, Darwas, Wanj (“Wandsch”), Regel, 13-25.XI.1881 (LE). Gorno-Badakhshan region, Shughnon,
between Khorog and Dashtitem, Fedtschenko - 10.VIII.1904 (LE).
UZBEKISTAN: Fergana Region, Margilan, Rodin & Arkad'ev 451 - 22.VI.1948 (LE).

Intermediate forms, afghanica—asperrima
Many of these herbarium specimens lacked diagnostic fruits; they were either male plants or
immature plants. Lacking fruits, their status as afghanica or kafiristanica could not be clearly determined.
AFGHANISTAN: No location, cult.@ Ottawa, Canada, Small, 1973 (NY). Badakhshan Province, Wardij
Valley near Fayzabad, Furse - 24.V.1964 (LE). Badakhshan Province, Bahrek village, Balfour,
9.VIII.1955 (BM). Laghman Province, Koelz, 24.V.1937 (US). Kunar Province, Asadābād
(“Chekosarai”), Vavilov, 1924, reprod. by Serebriakova in 1927 at Ukrainian Exp. Station (labeled C.
sativa, WIR 607,3954). Kunar Province, “near Chekosarai,” Vavilov, 1924, reprod. by Serebriakova in

81
1925 at Kamennaya-Stepnaya Exp. Station, Voronezh Oblast (labeled C. sativa var. spontanea, WIR
606,4038). Kunar Province, “near Chekosarai,” Vavilov, 1924, reprod. by Serebriakova in 1925 at
Kamennaya-Stepnaya Exp. Station, Voronezh Oblast (labeled C. sativa var. spontanea, WIR 595,4044).
Kunar Province, Barkandai (“Barkundi”), Vavilov, 1924, reprod. by Serebriakova in 1925 at
Kamennaya-Stepnaya Exp. Station, Voronezh Oblast (labeled C. sativa var. spontanea, WIR 596,4046).
Nuristān Province (“Kāfiristān”), No location, Vavilov, 1924, reprod. by Serebriakova in 1925 at
Kamennaya-Stepnaya Exp. Station, Voronezh Oblast (labeled C. sativa var. spontanea, WIR 607,4034).
Nuristān Province, Kāmdēsh, Hewer, 8.VI.1969 (K, LE). Nuristān Province, Wadau Valley mouth,
Thesieger, 3.IX.1956 (BM). Balkh Province, Mazar-e Sharif, reprod. by Hillig, 1996, Indiana
University (IND Af-7, 00010).
CHINA: Xīnjiāng Region, “by Ili River,” A. Regel, 27.V.1877, labelled “C. sativa 𝛽 vulgaris” (BM).
INDIA: Himachal Pradesh, Chamba, Nair, 20.VII.1964 (GH).
KAZAKHSTAN: East Kazakhstan Oblast, Kokbekty River, Herder, 10.VII.1863 (LE); Zhambyl Oblast,
Moyunqum Desert, Golbek, 20.V.1910 (LE).
KYRGYZSTAN: Issyk Kul Oblast, near Karakol (“Przhevalsky”), Roshevitz, 25.VII.1908 (LE).
PAKISTAN: Chitral, S.M. Toppin 534, VII.1908 (K, “abundant 4500-9000”). Khyber Pakhtunkhwa,
Hazara, Sarai Saleh, no name, 1975 (ECON).
UZBEKISTAN: Fergana Region, Kokand, near the town, Verner, 23.V.1910 (LE). Fergana Region, near
Margilan, Dessiatoff, 4.V.1913 (LE). Samarqand Region, near Samarkand, Nevsky, 15.V.1878 (LE).

Intermediate forms, indica—afghanica
Intermediate forms between var. indica and var. afghanica occur in Pakistan, a crossroads of three
floristic regions. Herbarium specimens with intermediate forms from Afghanistan are also fairly common.
AFGHANISTAN: No location, cult.@ Univ.Mississippi, Quimby Af-A1, Schultes, Plowman & Lockwood
51J, 31.VII.1972 (ECON). Nuristān Province (“Kāfiristān”), Vavilov, 1924, reprod. by Serebriakova in
1925 at Kamennaya-Stepnaya Exp. Station, Voronezh Oblast (LE 607,5667, labeled C. sativa var.
spontanea).
INDIA: Kashmir, Bandipora, Osmaston, 4.VIII.1928 (K). Himachal Pradesh, Chamba, Nair, 20.VII.1964
(GH).
IRAN: Tabriz, 5500 ft alt, A.C.Trott, 1934 (K, “cultivated for drugs”).
LEBANON: unknown location, via CPRO, reprod. by Hillig, 5.X.1996 (IND).
PAKISTAN: Khyber Pakhtunkhwa (“NWFP”), Swāt district, Saidu-Sharif, Rodin, 10.VIII.1952 (US). No
location, cult.@ Univ.Mississippi, Quimby A-A, Schultes, Plowman & Lockwood 55H, 31.VII.1972
(ECON).
UZBEKISTAN: Bekabad, 5 km from Kokand, reprod. by Hillig, 1996, Indiana University (IND 00314).

Examples of intentionally hybridized “strains”
NETHERLANDS: Wageningen, “Nederwiet”, reprod. by Hillig, 1996, Indiana University (IND 891195).
UNITED STATES: California, “California Orange”, reprod. by Hillig, 1996, Indiana University (IND
00137). California, “Skunk No. 1”, reprod. by Hillig, 1996, Indiana University (IND 00143). California,
“Haze”, reprod. by Hillig, 1996, Indiana University (IND 00136). Washington, Seattle area, “Northern
Lights”, reprod. by Hillig, 1996, Indiana University (IND Af-9). Illinois, Champaign, McPartland,
VIII.1981 (BPI).
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Examples of non-assignable collections: Mediterranean Floristic Region
IRAQ: Baghdad, Rustam Experimental Farm, Luest - XI.1929 (K).
LEBANON: No location, reprod. by Hillig, 1996, Indiana University (IND 0072). Bekaa valley, Deir El
Ahmar, Harding et al., 24.VII.1945 (BM). Bekaa Valley, Baalbek, A.C.Trott - 26.VIII.1956 (K).
MOROCCO: South Marocco - J.D.Hooker - IV-V.1871 (K). Ketama, Davis, 19.VIII.1970 (BM). No
location, Vavilov, 1926, reprod. 1927 at Pushkin Experiment Station, Detskoye Selo, St. Petersburg
(WIR 1232, 3850). No location, cult.@ Univ.Mississippi, Quimby Mo-B, Schultes, Plowman &
Lockwood 71, 31.VII.1972 (ECON, S:Cii);
PALESTINE: Jersusalem, “The American Colony,” Dinsmore, 12.X.1913 (K, F).
SYRIA: Damascus, Vavilov, 1926, reprod. 1927 at Ukrainian Exp. Station (WIR, 3985,5682)
TURKEY: Eastern Anatolia Region, Erzurum, Serebriakova, 1925-27 reprod. 1928 at Ukrainian Station
(WIR, 1264, 3901)

Examples of non-assignable collections: Yúnnán Province, China
Out of ~20 herbarium specimens examined from Yúnnán province, only a few have morphological
characters consistent with drug-type plants: Yúnnán, Chiapieh, Yü, 3.X.1937 (GH). Yúnnán, Snow range,
Rock, 1923-1924 (GH). Yúnnán, Wang, 1935-1935 (GH).
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