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Cannabis (Cannabis sativa L.) is a sustainable industrial crop that
can be cultivated for fiber and seed production across diverse
geographical and climatic conditions. In this study, 11 cannabis
ecotypes were evaluated using 10 SCoT primers and 10 ISSR
primers to estimate the amount of genetic diversity, genetic
relatedness and divergence among ecotypes, and some genetic
parameters. The ISSR and SCoT markers generated 63 and 77
scorable bands, respectively, with polymorphism rates exceeding
87% for both marker systems. The mean values of the number of
polymorphic bands, percentage of polymorphism, polymorphic
information content (PIC), effective multiplex ratio (EMR), marker
index (MI), and resolving power (RP) were 7.78, 92.02%, 0.35,
7.13, 2.74, and 0.70, respectively, for SCoT markers, and 7.86,
87.50%, 0.32, 7.00, 2.85, and 0.70, respectively, for ISSR markers.
Overall, both marker systems demonstrated similar and favorable
efficiency in investigating the genetic diversity of cannabis
ecotypes. For both marker systems, significant differences in
banding patterns and the high percentage of polymorphism
indicated the high discriminatory power of the primers used and the
considerable genetic diversity among the cannabis ecotypes. For
both marker systems, analysis of molecular variance indicated that
100% of the total molecular variance was attributable to variation
within populations. This pattern may reflect the selection of
ecotypes from specific provinces prior to their assignment to
populations. Cluster analysis grouped the ecotypes into three major
clusters and revealed no clear correspondence between genetic and
geographical distances. Based on the observed genetic divergence,
crosses between the Qazvin and Afghanistan ecotypes were
predicted to have the greatest potential for heterosis. Principal
coordinate analysis largely confirmed the results of the cluster
analysis, and the distribution of ecotypes across different regions
of the biplot further supported the presence of substantial genetic
diversity among the cannabis ecotypes. Overall, the cannabis
ecotypes investigated in this study exhibited greater genetic
diversity than their foreign counterparts.
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Introduction

Cannabis (Cannabis sativa L.) is a sustainable industrial crop with high yield potential that can
be cultivated for fiber or seed production across a wide range of geographic and climatic
regions. China, Europe, and Canada are currently the main cannabis-producing regions
worldwide. Cannabis cultivation was lost or abandoned for several decades due to competition
with other raw materials such as cotton and synthetic fibers, high labor costs, and restrictions
related to its potential use as a drug. To maximize the potential of the cannabis gene pool, it is
essential to determine its genetic structure in order to select and breed new cultivars adapted to
specific regions. Therefore, the objective of this study was to investigate the genetic diversity
of cannabis ecotypes, identify similarities and differences among them, and classify these
ecotypes using SCoT and ISSR molecular markers.

Materials and Methods

Eleven cannabis ecotypes, including Khusf, Tabas Golshan, Boshroyeh, Se Qale, wild Bojnord,
Bojnord, Fariman, Tabriz, Qazvin, and two samples from Afghanistan, collected from different
geographic regions, were studied. For molecular evaluation, 10 SCoT primers and 10 ISSR
primers were used. DNA extraction was performed using a modified CTAB method. The
quantity and quality of the extracted DNA were assessed using a NanoDrop spectrophotometer
and horizontal electrophoresis on a 1% agarose gel. Data analysis was conducted using
NTSYSpc 2.2, GenALEXx 6.1, PopGen32, and Excel 2020 software.

Results and Discussion

Nine out of ten SCoT primers and seven out of ten ISSR primers showed polymorphism with
high resolution. Overall, the nine SCoT and seven ISSR primers amplified 77 and 63 bands,
respectively. The percentages of polymorphism for SCoT and ISSR markers were 92.02% and
87.50%, respectively. Among SCoT primers, SCoT4 amplified the highest number of bands
(14), while SCoT6 amplified the lowest number (5). Similarly, ISSR9 amplified the highest
number of bands (12), whereas ISSR4 amplified the lowest (7). The average values of
parameters including the number of amplified bands, number of polymorphic bands, percentage
of polymorphism, polymorphic information content (PIC), effective multiplex ratio (EMR),
marker index (MI), and resolving power (Rp) were 8.56, 7.78, 92.02, 0.35, 7.13, 2.74, and 0.70
for SCoT markers, and 9.00, 7.86, 87.50, 0.32, 7.00, 2.85, and 0.70 for ISSR markers,
respectively. Genetic diversity analysis showed that the average numbers of observed alleles,
effective alleles, Nei’s genetic diversity, and Shannon’s information index were 1.91, 1.43,
0.26, and 0.41 for SCoT markers, and 1.87, 1.42, 0.26, and 0.40 for ISSR markers. Analysis of
molecular variance (AMOVA) revealed that most of the total genetic variation was attributed
to within-population differences for both marker systems. Cluster analysis grouped the studied
ecotypes into three distinct clusters using both markers.

Conclusion

Overall, both SCoT and ISSR markers showed similar and satisfactory efficiency in assessing
the genetic diversity of cannabis ecotypes. Significant differences in banding patterns, high
percentages of polymorphism, and elevated values of genetic indices indicated the strong
discriminatory power of the primers used. Comparison of Nei’s and Shannon’s diversity indices
with previous studies revealed that Iranian cannabis ecotypes possess higher genetic diversity
than foreign accessions. Cluster analysis showed that genetic distances were not consistent with
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geographic distances; therefore, the highest heterosis is expected from crosses between Qazvin
and Afghanistan ecotypes. Principal coordinate analysis largely confirmed the results of cluster
analysis. The distribution of ecotypes in different regions of the Biplot further confirmed the
existence of substantial genetic diversity among cannabis ecotypes.
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Table 3. Polymerase chain reaction (PCR) components and cycle program to amplify ISSR and SCoT markers

. . Le> Ol
sl sl bl LSy J= e o S G e
Materials Final concentration Reaction components Step NCyctl)e el e
umber  Temp (C°) Time (min/s)
Jol gl ol
Double distilled water ; 8 ul et 95 5m
Initial denaturation
.L\.N . ‘
Master mix X (SCoT), 2X (ISSR) 10 pl SO 95 508
Denaturation
L oo gles
Primer 0.67 pm 1ul J 35 Meltin 508
Annealing " g
emperature
Sl
DNA 20ng/ul 1 ul Sk 72 1m: 20s
Extension
el
Total - 20 ul e il 1 72 5m

Final extension

1 2 3 4 5 6 7 8 9 10 11 Ladder I 1 2 3 4 5 6 7 8 9 10 11 Ladder

ISSR1 ijl.'cT -~ SCoT4 ijl.&i —dl dlals slacs ST sl &S =Y I
—8 Olsladl —A Olag 3 =V ¢ im s 3 sme = o e =0 s i —E caald an Y (IS b Y cCan )
NRTE S RIS PRV PR RS\ O PE |
Figure 2. Band Pattern of Cannabis sativa ecotypes: a- ISSR1 primer b- SCoT4 primer.

1. Khusf, 2. Tabas Golshan, 3. Se Galeh, 4. Boshroyeh, 5. Bojnord, 6. Wild Bojnord, 7. Fariman, 8. Afghanistan,
9. Afghanistanl, 10. Tabriz, 11. Qazvin.
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Table 4. Molecular indices for ISSR and SCoT markers in Cannabis sativa ecotypes

Sl Ll sl RWBE Sy L e ol o el
Sl v Sk gle Sk SR e o <
Primer N. of P N. of . Polymorphism Polymorphic Effective Marker Index  Resolving
bands olymorphism Percent information  multiplex ratio (M) Power (RP)
bands content (PIC) (EMR)
SCoT

SCoTl1 9 9 100 0.33 9.00 2.97 0.79
SCoT2 9 8 88.89 0.38 7.11 3.04 0.68
SCoT3 8 7 87.50 0.41 6.13 2.87 0.94
SCoT4 14 11 78.57 0.35 8.64 3.85 0.66
SCoT5 8 8 100 0.36 8.00 2.88 0.55
SCoT6 5 5 100 0.26 5.00 1.30 0.58
SCoT7 7 6 85.71 0.31 5.14 1.86 0.42
SCoT9 8 7 87.50 0.37 6.13 2.59 0.94
SCoT10 9 9 100 0.37 9.00 3.33 0.75

mean 8.56 7.78 92.02 0.35 7.13 2.74 0.70

ISSR

ISSR1 9 7 77.78 0.36 5.44 2.52 0.91
ISSR2 8 5 62.50 0.42 3.13 2.10 0.76
ISSR3 11 11 100 0.31 11.00 3.41 0.53
ISSR4 7 7 100 0.37 7.00 2.59 0.65
ISSR6 9 8 88.89 0.36 7.11 2.88 0.61
ISSR8 7 7 100 0.41 7.00 2.87 0.88
ISSR9 12 10 83.33 0.36 8.33 3.60 0.55

mean 9 7.86 87.50 0.32 7.00 2.85 0.70
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Table 5. Genetic parameters for ISSR and SCoT markers in Cannabis sativa populations

S sla Plslass sl sela el S sla Plslaas slaws sels el
2 . . ne 1 . S 2 N N ne 7 . e
Primer s ldedalive Fse 6[.5:‘_}” ~ Q).;Lw Primer sldedalive P 6[.&&” & Q‘}.’Lﬂ
Na Ne H | Na Ne H I
SCoT ISSR

SCoT1 2.00 1.51 0.30 0.46 ISSR1 1.78 1.50 0.28 0.41
SCoT2 1.89 1.43 0.27 0.41 ISSR2 1.63 1.37 0.22 0.34
SCoT3 1.88 1.52 0.31 0.47 ISSR3 2.00 1.37 0.23 0.38
SCoT4 1.79 1.38 0.23 0.36 ISSR4 2.00 1.41 0.26 0.42
SCoT5 2.00 1.37 0.26 0.42 ISSR6 1.88 1.45 0.27 0.42
SCoT6 2.00 1.31 0.22 0.36 ISSR8 1.88 1.57 0.32 0.48
SCoT7 1.86 1.24 0.17 0.30 ISSR9 1.91 1.34 0.23 0.38
SCoT9 1.88 1.46 0.29 0.44 Mean 1.87 1.42 0.26 0.40
SCoT10 2.00 1.56 0.32 0.49

Mean 1.91 1.43 0.26 0.41

ool ML jasla il 5 S5 £55 asls H (ge I sl :Ne woasoanl I slas (Na o321 P
P: Primer, Na: Observed number of alleles, Ne: Effective number of alleles, H: Nei's gene diversity, I = Shannon's Information index
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Table 6. Values of Nei's genetic identity (above diagonal) and genetic distance (below diagonal) between
populations of Cannabis sativa

SCoT ISSR
POP 1 2 3 4 1 2 3 4
1 AR 0.91 0.89 0.90 AR 0.91 0.86 0.90
2 0.09 ok 0.86 0.92 0.09 oAk 0.85 0.92
3 0.11 0.15 otk 0.83 0.15 0.16 oAk 0.84
4 0.11 0.08 0.18 ool 0.10 0.08 0.18 Hokkx

<u-£}_;3})£f5) B3 Cmasr () Olas bl (Olaslasl) ¥ [GINE DS ‘(JLN)} s\;:.}} 3, g ‘l)}.’u) Y Comor ‘(4;__5}.:.; canlBa ~‘J..ngﬁ]o u._A.w}>> 2\ (GNP
Population 1: (Khusf, Tabas Golshan, Se Qaleh, Boshroyeh); Population 2: (Bojnord, Wild Bojnord, Fariman); Population 3: (Afghanistan,

Afghanistanl); Population 4: (Tabriz, Qazvin)
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Table 7. Analysis of molecular variance of Cannabis sativa populations based on ISSR and SCoT marker data

CEJT @bl ey Slass paame Sl Kle eldedalie (Gbols 4o puipT Povalue
SOV D.F SS MS Est. Var
_ SCoT
035 o 3 35.16 11.72 0 -0.08 0.96
Amopg Pops
05 0353 7 101.75 14.54 100
Within Pops
10 136.91 100
Total
ISSR
035 o 3 29.72 991 0 -0.05 0.86
Amopg Pops
235 02 7 79.92 11.42 100
Within Pops
10 109.64 100
Total
SCoT 5 ISSR L;Lmjf.:l.:..; Sl Kid S ol e —A Jgdr
Table 8. Cophenetic coefficients for ISSR and SCoT markers
r-"‘)}—@ J.als ;Jw LAAJ)»J ij Olw i U:QL:A
Al ) ith Complete Single UPGMA
gorithm ISSK SCoT ISSK SCoT ISSK SCoT
J,“ib 0.87 0.90 0.94 0.89 0.95 0.91
Dice
o3l Gl 0.75 0.65 0.68 0.70 0.77 0.78
SM
2,5 0.87 0.89 0.93 0.88 0.94 0.90
Jacard
UNI1 0.73 0.62 0.66 0.66 0.75 0.75
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Table 9. Similarity matrix for SCoT marker in Cannabis sativa ecotypes

o 51 PP e ap g esspem Ol Okl Vol 5 e
Ecotypes Khusf  Tabas Golshan Se Galeh  Boshroyeh  Bojnord Wild Bojnord Fariman Afghanistan Afghanistan] Tabriz  Qazvin
(Khusf) caw s 1.00
(Tabas Golshan) .28 ..b 0.46 1.00
(Se Galeh) axlsac 0.52 0.50 1.00
(Boshroyeh) 4, 5 - 0.62 0.46 0.50 1.00
(Bojnord) s s 0.27 0.31 0.19 0.31 1.00
(Wild Bojnord) _ ix 5 5 s 0.62 0.54 0.46 0.58 0.38 1.00
(Fariman) Olay 0.63 0.44 0.59 0.52 0.21 0.59 1.00
(Afghanistan) L.l 0.64 0.46 0.50 0.50 0.25 0.50 0.58 1.00
(Afghanistan] ) ) ls bl 0.59 0.58 0.42 0.54 0.31 0.46 0.48 0.39 1.00
(Tabriz) 3 .5 0.66 0.52 0.48 0.56 0.21 0.56 0.57 0.61 0.44 1.00
(Qazvin) 533 0.09 0.10 0.08 0.13 0.17 0.10 0.10 0.07 0.13 0.11 1.00
alals oo ST s ISSR Jﬁw IR A P I PR
Table 10. Similarity matrix for ISSR marker in Cannabis sativa ecotypes
b S Chw g5t rlS o axllan G 5, g g 5 g Olay Oleas il YOl lasl RS s
Ecotypes Khusf  Tabas Golshan Se Galeh Boshroyeh  Bojnord Wild Bojnord Fariman Afghanistan Afghanistanl Tabriz  Qazvin
(Khusf) L g 1.00
(Tabas Golshan) -8 b 0.48 1.00
(Se Galeh) axlsacs 0.55 0.47 1.00
(Boshroyeh) 4, 5,2, 0.62 0.47 0.37 1.00
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Figure 3. Cluster analysis of Cannabis sativa ecotypes a- SCoT marker b- ISSR marker
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  PIC=1-(  p 2 +   q 2 )


  RP=   ∑  IB


  IB=1-[2 ×  ( 0.5-  P i ) ]


   N e =  1  (  p 2 +  q 2 )


  Nei Genetic Distance= -1 ×Ln (Nei identity)


  I=-1 ×(p ×Ln   ( p ) +q ×Ln   ( q ) )


  q=   (1-باند فراوانی)  0.5



