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Cannabinoid patterns in seedlings of Cannabis sativa L. 
and their use in the determination()f chemical race 

M. G. ROWAN AND J. W. FAIRBAIRN* 

Department of Pharmacognosy, The School a/Pharmacy, University of London, 29/39, Brunswick Square, London 
. WCIN lAX, U.K. 

We have examined the cannabinoid contents of seedlings from twelve strains of Cannabis of 
known chemical race. Fourteen days after emergence of the shoot those of the tetrahydro
cannabinol (THC) type could be distinguished from those of the cannabidiol (CBD) type. 
The true leaves of the THC type contained a relatively high content of THC and also con
tained cannabichromene (CBC), sometimes as the major cannabinoid, whereas the CBD 
type had much lower amounts of THC and no CBC; CBD being the major component. A 
strain from China corresponded to the THC type but showed some unusual features. Seeds 
purchased at seven outlets in Britain were also examined. Only two batches germinated but 
these proved to be of a THC type and resembled the Chinese strain. 

It is well known that Cannabis sativa L. shows a 
number of chemical races. Fettermann, Keith & 
others (1971) suggested two. one containing pre
dominantly ~1-tetrahydrocannabinol (THC) and 
one mainly cannabidiol (CBD) corresponding to 
'drug type' and "fibre type' respectively. Fairbairn & 
Liebmann (1974) grew 12 strains in England and 
found that most were either THC-rich or CBD-rich; 
there was some evidence of an intermediate race with 
roughly equal concentrations ofTHC and CBD. The 
difference between the two major types was main
tained when several of them were grown in Canada, 
U.S.A., Norway, Turkey and Thailand (Fairbairn, 
1976). 

More recently, Small, Beckstead & Chan (1975) 
grew a much larger number of strains and proposed 
four chemical races. Two correspond to the THC
rich and CBD-rich races, a third is intermediate, and 
the fourth contains THC predominantly with trace 
amounts of cannabigerol monomethyl ether. This 
last race OCClrs in N .E. Asia. Small. J ui & Lefko
vitch (1976) later claimed to have confirmed by 
numerical taxonomic analysis of 2500 plants that 
four comprehensive groups can be recognized in the 
single species C. sativa. 

Since cannabis seeds are sold without legal 
restrictions and yet plants can be readily raised from 
them in most climates, we decided to investigate 
whether one could predict the chemical race by 
examination of the cannabinoid pattern in young 
seedlings. The seeds themselves contain no canna
binoids and although some authors claim that 

• Correspondence. 

morphological characters can be used to indicate the 
type of plant which will be produced, Small (1975 
with references) has shown this is not so. The 
characters used-seed size, presence or absence of a 
complete perianth and elongated base-merely 
distinguish seeds of wild plants from those of culti
vated ones. Intoxicant and non-intoxicant types fall 
into both categories. 

Little work has been done on the appearance of 
cannabinoids after germination. Maunder (1970) 
using t.l.c. methods, found detectable amounts of 
THe in all seedlings examined even where the 
cotyledons were not fully developed. Krejci (1970) 
demonstrated antibiotic activity from the eighth 
week and this was probably due to the presence of 
CBD. Turner, Fetterman & others (1975a) monitored 
the cannabinoid pattern of a Mexican strain from the 
fifth week onwards. However, for control methods 
and other legal problems, a knowledge of the 
detailed patterns shortly after germination would be 
more useful. 

We have already published a preliminary note on 
our work (Fairbairn & Rowan, 1975) and since then 
Rasmussen & Herweijer (1975) have reported work 
on seedlings. Their results will be discussed later. 

MATERIALS AND METHODS 

The cannabis seeds used and their geographical 
origin are shown on Table 1. Those labelled 'UN 
etc.' were supplied by the United Nations Division of 
Narcotics, Geneva. (MAge and ME-A3 were given 
to us by Dr C. E. Turner and SP-14 was supplied by 
Messrs C. A. Gould from a consignment recently 
imported from China). Most of these strains had 
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Table 1. Cannabinoid content in mg g-l dry weight of 
the true leaves of 14 day old seedlings of known type 
and geographical origin. 

eBD + 
eBe 

THCeont. eont. 
No mean mean 

Strain Origin analysed (+ range) (+ range) 
Known THC types 
ME-A3 Me'l:ico 10 6'4 4·4 

0·S-10·6) (2'3-10'9) 
UNC254 Thailand 9 2'2 2·2 

UNS-l 
(1·1-2-9) (1'3-3-0) 

South Africa 9 2·5 0·9 
(0'9-6·3) (0'4-1-3) 

SP-2 Nepal 10 2·3 2·6 
(1-1-3-9) (1'3-4'4) 

SP-S India 7 O·S O'S 

UNC335-E 
(0·4-1·4) (0'4-1'8) 

South Africa 10 2·3 1·3 

UNC347 Me'l:ieo 10 
(1-3-4,3) (0·7-2'3) 

1-1 ... 
UNC340 Nepal 10 

(0'3-2'S) (0'3-2·2) 
1'7 1'5 

SP-14 
(0·6-2·4) (0'7-2'3) 

China 10 0·4 9·4& 
(0'1-1·2) (5'2-17'8) 

Known CBD types 
UNC354 Turkey' 10 <0·02 7'l b 

SP-I-E 
«H) (5·1-10'6) 

Turkey 9 <0-02 5·2b 

(0-0 (3·S-7'8) 
SP-13 Kew 10 0·02 1'6b 

(0-0,06) (0-9-2·7) 

& Examination by t.l.e. showed that this was mainly eBC. 
b No eRC was observed in these seedlings when the extracts were 
examined by t.l.c. 
t. Trace. 

been grown in our botanical garden in previous years 
so that the cannabinoid pattern of the mature plants 
was known (Fairbairn & Liebmann, 1974). Further 
samples of cannabis seed were bought at retail out
lets in Welwyn Garden City. Hatfield. Thetford, 
Rotherham, . Cardiff, Glasgow and Sunderland. All 
samples were examined for the morphological 
characters described by Small (1975). 

A THC-rich strain (MA9C) and a CBD-rich 
strain (UNC 354) were sown in a greenhouse and 
ten seedlings of each were harvested as soon as they 
emerged and then daily (in mid-afternoon) for 28 
days. Eac~ batch of seedlings was bulked to over
come individual variation and sampling error, and 
cotyledons, stem and true leaves were analysed 
separately. 

The other strains were also grown in a greenhouse 
and harvested 14 days after emergence of the shoots 
and the true leaves of each of the seedlings were 
analysed separately. One leaf only was taken from 
each seedling of the Rotherham and Sunderland 
strains, the seedlings being subsequently grown to 
maturity, 

Quantitative analysis was carried out using a 
scaled down modification of the method of Fairbairn 
& Liebmann (1973). This method does not separate 

cannabichromene (CBC) from CBD and so qualita· 
tive identification of these cannbinoids was checked 
by gas liquid chromatography (g.1.c.) on a column 
ofOV-1 (6%) (Turner, Hadley & others, 1975b) and . 
by thin layer chromatography (Maunder. 1969).1 
Some samples were also examined by combined 
gas chromatography~mass spectroscopy (g.c.-ms) 
(carried out at the Physiochemical Measurements 
Unit, Harwell). l 

RESULTS ! 
The appearance of cannabinoids in the leaves during ! 
early stages of development of a THe-rich and a i 
CBD-rich strain are shown in Fig. 1. During the I 
first few days many unidentified peaks were observed i 
by g.l.c. Some of these peaks overlapped those of i 
cannabinoids and made accurate assay of the latter ~ 

difficult. By 14 days the chromatograms were much I 
simpler and a clear difference between the THe-rich "1 

and CBD-rich strains could be observed. . 
The seedling stems showed a pattern similar to . 

that in Fig. 1 but they contained less total canna· . 
binoid (about 30% of that in the leaves). G.c.-ms 
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FIG. 1. Cannabinoid content (mg g-l) of the true leaves ; 
of seedlings of a-UNC 354 and b-MA9C during the i 
first month of growth. THC content (.-e), CBD + ~ 
CBe content C&' - - ~ .A); and CBD content .... -!. I 
Solid line indicates dry weight per seedling (g). 

examination showed that two of the prominent peaks : 
were the hydrocarbons nonacosane and heptacosane. 
These had relative retention times of 0·67 and 0·31 
respectively on the OV -17 g.l.c. system and tended to f' 
overlap with the peaks of cannabinol and CBD 
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(0'60 and 0·35 respectively). Turner & Hadley (1973) 
have pointed out that nonacosane may be mistaken 
for a cannabinoid if only g.1.c. data is used, and 
clearly heptacosane could similarly be misinter
preted. The cotyledons also contained these hydro
carbons but It no stage did they contain canna
binoids. 

It was decided to. use the leaves of 14-day old 
seedlings for a survey of the cannabinoid content of 
the remaining strains and the results are given in 
TabJe 1. Qualitative analysis by t.l.c. showed that the 
single CBC/CBD peak of THC types was pre-

. dominantly CBC, whereas the CBD-rich types had 
no detectable CBC. In all the seedlings the canna
binoids were mainly present as their acids. 

The recently purchased batches of seed (of 
unknown race) were next examined. Germination 
rates were poor: Sunderland (8 %) and Rotherham 
(5 %). The remaining batches did not germinate at 
alL The resu1ts of quantitative analysis of seedlings 
of 14 days and of mature plants are given in Table 2. 

Table 2. Cannabinoid content in mg g-l dry weight of 
the true leaves of 14 day old seedlings and mature 
plants grown from seeds bought at British, retail 
outlets. 

Cannabin aid Cannabinoid 
content content 

of seedling when mature&. 
CBDand CBDand 

Plant THC CBCb THC eBC 
Rotherham 

1 0·3 g·O 7·5 t 
2 1'3 9·6 3·6 2·5 
3 0·7 17·0 4·1 2·7 
4 0·7 10·1 3·2 t 
5 0·8 ' 10·7 plant died 

Mean 0·76 11·08 4·6 1'3 
Sunderland 

1 0·5 4·9 13·8 4·0 
2 0·08 3·3 7·0 t 
3 0·2 2·9 2·1 t 
4 0·3 . 4·1 4·0 t 
5 0 9·g 3·7 t 
6 0·4 4-4 g-O t 
7 0·2 l·g 11·3 t 

Mean 0-24 4·46 7·13 0·6 
SP-14 
Mean 0·4 9·4 g.g t 

a. When mature the Rotherham and Sunderland 
plants also contained a compound with a relative 
retention time similar to that of tetrahydrocanna
bivarin and cannabicyclol. 

b Examination by t.I.c. showed that this was mainly 
CBC. 

t. Trace. 

T.l.c. examination showed that CBC was the pre
dominant cannabinoid in the seedlings. 

DISCUSSION 

At no stage do the cotyledons contain cannabinoids 
although hydrocarbons such as nonacosane and 
heptacosane occur and could be confused with 
cannabinoids in normal gas chromatography. At the 
appearance of the first true leaves, however, canna
binoids begin to appear in the leaf and to a lesser 
extent in the stem. At this stage the seedling can be 
considered to have an existence independent of the 
seed. Our value for the Mexican strain at 4 weeks 
(0·8 % THC) agrees well with that of Turner & 
others (l975a) at 5 weeks (0'5% THC), especially in 
view of the fact our plants were raised under different 
conditions. 

The co-existence of hydrocarbons and other 
unidentified peaks in the t.l.c. traces during the early 
stages makes quantitative analysis difficult. At 14 
days the picture is much simpler and we recommend 
that the analysis be carried out then. At this stage it is 
possible to determine the chemical race as follows: 

(a) The THC-rich race has a much higher absolute 
amount of THC than the CBD-rich race. The first 
8 samples (Table 1), had values ranging from 0·8 to 
6·4 mg THC g-1, whereas in the CBD types the 
values were less than 0·02 mg g-l. 

(b) The THC-rich race always possesses cannabi
chromene (CBC) sometimes in large amounts. 
None of the CBD-rich samples we examined 
possessed CBC. This difference can be detected by 
t.1.c. Rasmussen & Herweijer (1975) also report the 
absence of cannabinoids from the cotyledons at all 
stages of development. They worked mainly on the 
Thailand strain (UNC 254) and claim that CBD is 
the predominant cannabinoid in the seedlings. This 
conclusion is based on g.1.c. results only: our work 
on the same strain shows there is a prominent peak 
at the position of CBD but t.1.c. investigation showed 
it to be partly due to cannabichromene (CBC) which 
agrees with the fact that UNC. 254 is a THC-rich 
strain. 

The sample from China (SP-14, Tables 1 and 2) 
falls into the THC-rich category as the seedlings 
produce a large amount of CBC, and the amount of 
THC present in significantly greater than in the 
CBD-rich race. However, the amount of THC is 
much smaller than in the remaining 8 samples of the 
THC-rich group and this applies to the mature plant. 
The Chinese sample had 8·8 mg THC-1 g in mature 
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female topS: for the other 8 samples the correspond
ing values range from 18 to 71 mg THe g-1 (Fair
bairn & Liebmann, 1974). Our Chinese sample may 
therefore represent the fourth chemical race proposed 
by Small & others (1975) and which occurs in N.B. 
Asia, and it is interesting that Shoyama, Fujita & 
others (1968) reported on a Japanese strain which 
also contained CBC as the major cannabinoid in 
young plants. 

Small & others (1975) state that one distinguishing 
feature of this race is the presence of cannabigerol 
monomethylether. We examined SP-14 material and 
did find a very small peak on the g.l.c. with a reten
tion time identical to pure cannabigerol monomethyl
ether, but it was too small to separate. 

It would seem from Table 2 that the Rotherham 
and Sunderland seeds were also of this fourth type; 
this is not surprising as 95 % of the cannabis seeds 
imported into the U.K. at present are from China. 
Although the viability of samples purchased legally 
is poor, those that do germinate will > produce 

reasonably potent cannabis when grown in this! 
country. 

Morphological examination of the seeds con·: 
firmed Small's conclusion (1975) that these characters ' 
cannot be used to distinguish THe-rich from CBD- ! 

rich races. Almost all of the samples in Table 1 i 
showed the marbling effect due to the reticulate \ 
venation of the mesocarp; traces of the hyaline ! 
perianth were occasionally present and the base was I 
usually flat or very slightly elongated: the sizes l 
ranged from about 4 to 5 mm. Sample UNC 340 r 
(Nepal) was markedly smaller (21 to 3 rom) and did ; 
possess more perianth and had, in some seeds, a : 
slightly elongated base. These results may indicate i 
that all our seed samples are from cultivated plants: 
except UNC 340 which may have been from the! 
wild. ~ 
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