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INTRODUCTION RESULTS AND DISCUSSION MATERIALS AND METHODS

Cannabis sativa (marijuana) is a plant used for various anelle T\Lplng Organelle SNP Typing Cannabis SNP profiling was conducted in

purposes namely as an intoxicant, fiber, or medicine [1, 2]. | S __ a three — loci multiplex consisting of previously publishec
Several genotyping methods have been suggested as a means  * = = = = = =« & Cannabis organelle 5-loci multiplex STR system (Fig. 1A) was optimized using cannabis chloroplast (Cscp001 and Cscp005) and mitochondria
of tracking and individualizing marijuana plants [3-6]. As with J\ h the Type-IT Microsatellite PCR Kit (Qiagen) using touchdown PCR method. (Csmt002) SNP markers [9]. PCR amplification was performed
human identification, autosomal STR typing can be used as a \ L — : - = Sequenced allelic ladder developed with 12 alleles across 5 STR loci. %sqlenrgmtahlec';ycrr:r-lt(Ils\i/lclc;c;sda)telTlll’: PSCBIT; I<(|;ir(]Cg)]|2g§21eonE;eTrlls(i)(())n)
means of individualizing cannabis samples. § :
in addition biogefgraphical traciing could provide law = Cannabis organelle 3-loci SNP multiplex (Fig. 1B) was designed and optimized assay was performed on purified PCR products using the
enforcement insight on its trade and distribution patterns. | | | | _ | . | | Eis;rr:grtggeTXt?]ceicl)T Microsatellite PCR Kit and SNaPshot™ Multiplex Kit (Thermo SNaPshot™ Mul’fiplex Kit .(Thermo Fisher Scientific) according
Analysis of organelle DNA, including both mitochondrial and ] m to manufacturer’s instructions [10].
chloroplast DNA, has been shown to be a valuable tool in ’ “& = Subsampling was performed and 134 samples were genotyped. Complete o . o
analyzing evolutionary and population diversity in plant species haplotypes (STRs and SNPs) were observed for 127 samples. Autosomal  Statistical ~ Analysis Case-to-case  pairwise
as it is inherited uniparentally [7-9]. ; CemsE]  Cemme ]  Cmae 1 «  Extensive haplotype sharing was observed; five distinguishable haplotypes comparisons with F.; as genetic lelstance were perform.ed to
In this work, a DNA database consisting of 496 samples was j\ j\ were detected. zzlpe;cce)rcr)r;)nePﬁylgzienreetri\(c::eanpacissuilsat\l:l)ans grssrgssgc;e b(zeth:eerl,ZUtf:
used to genotype both autosomal and organelle DNA. For this ] Vo).
purposega preyv?ously validated 13-autosogmal STR multiplex [5] T o i " Haplotype sharing was observed between the US border seizures, Brazil, and reference population, Brazil, Chile, and hemp samples using
was used to genotype 496 samples from four different sites: Chile while the hemp samples generated a distinct haplotype. the neighbor joining method (Coancestry as genetic distance)
the US-Mexico border, Brazil, hemp ceEd e purchased i US, S Fig. 1: Organelle haplotype (A) the homopolymer STR profile (B) the SNP profile. with the Genetic Data AnalyS.iS (GDA) software [11] Parsimony
Chile. For organelle typing, a previously reported multi-loci .. . analysis was performed with PAUP* 4.0a [12]. Next, the
system from Gilmore et al. was modified and optimized to Statistical Analy5|s STRUCTURE software was employed to evaluate the Bayesian
: : : clustering of genotypes from the four populations [13]. Finally,
genotype five chloroplast and two mltoc.hondrlal markers [9]. Autosomal Organe"e R g g 8f yp e P Fc)zl ons L ]h ) Y
For successful downstream organelle typing, a novel assay for HNE FRIESEE SO, ALEEEMEAL, BES USEE o WistE2 Ui erle
the real-time PCR quantification of cannabis cpDNA using A | US-Mexico using Principal Component Analysis (PCA) [14].
synthetic DNA standards was developed, optimized, and 2
validated. \ | Organelle Statistical Analysis Phylogenetic analysis was
ozl assessed between the four populations, and a distance matrix
was calculated with the GDA software using the Neighbor
MATERIALS AND METHODS Joining method (Coancestry as genetic distance) [11]. Next,
PAUP* 4.0a was invoked to perform parsimony analysis [12].
DNA Collection Samples were analyzed from four different —Chile
sites: 21 seizures at the US-Mexico border (N=408),
Northeastern Brazil (N=8), hemp seeds purchased in US (N=30), CONCLUSIONS
and the Araucarian region of Chile (N=50). \
£ ° = Statistical analysis
Autosomal DNA Typing Autosomal DNA was quantified and - = Reference population of 9 seizures (n=157)
genotyped in a 13-loci multiplex format according to Houston = Both autosomal and organelle markers could discern
et al. [5,6]. i ,
15,6] srazil population sub-structure
Organelle DNA Quantitation Quantification of cpDNA was | = Clear distinction between drug and hemp type
preformed via real-time PCR with a StepOne™ Real-Time PCR PCA 1-2 samples
System (Thermo Fisher Scientific, South San Francisco, CA, USA) S Mexica Brazil Hemp  Chile = Novel real-time gqPCR method for quantifying cannabis
using SYBR Green PCR Master Mix (Thermo Fisher Scientific) cpDNA using synthetic standards developed and validated
and cannabls-sp§C|f|c chIoerIast primers, CschOl .(Int.egrated « Organelle typing: two analytical methods were modified
DNA Technologies, Coralville, IA, USA). Serial dilutions of and optimized
Reconstituted synthetic DNA standards (1000 to 0.02 pg/pL) s Flemp
were used to generate a calibration curve. Validation studies Fig. 2: PrincipalComponentA.naIysis (A) Bayesian _clusteringwith STRU;TURE (B) of autosomal - Homopolymer STR pentaplex
included: Sensitivity, SpeCiﬁCity, precision and accu racy. svehniI()et»'lcizsdfc:fc)smr;srersgz:?:Sil\jiéljj:?:?;s:chJzzt?slg;.sesc)lr:lL':;terasfiR?JSCO/Toul;Ergzro;oesct:ediziz Eisf?;];:O:\,Igiif;llo:Ligilglr;iécsr;eiogEgiecst::ygagszr;t;i((;:Iijit;g:]eci-among four cannabis population sets = SNP triplex with SNaPshot™ (Thermo Fisher SCIEﬂtIfIC)

depict the probability of assignment to each cluster (K=3).

Organelle STR Typing Cannabis STR profiling was performed in a
five — loci multiplex format consisting of previously published
cannabis chloroplast (Cscp001, Cscp002, Cscp003, Cscp004) and

REFERENCES ACKNOWLEDGEMENTS

[1] E. Small, A. Cronquist, A Practical and Natural Taxonomy for Cannabis, Taxon 25(4) (1976) 406-435.

. . o fro . s . ] ] ; A ] ) [8] M. Kohjyouma, I.J. Lee, O. lida, K. Kurihara, K. Yamada, Y. Makino, S. Sekita, M. Satake, Intraspecific Variation in Cannabis sativa L. Based on Intergenic Spacer Region of Chloroplast DNA, Th 1 k A #2 1 _ R2_ X_ h
[2] I.B. Adams, B.R. Martin, Cannabis: pharmacology and toxicology in animals and humans, Addiction (Abingdon, England) 91(11) (1996) 1585-614. ; _ f IS WOr was Su O rted b war awargae t e
m |tOC h O n d rla I (CS mtOO 1) STR m a rke rS [9] . PC R a m p I Ifl Cat I O n [3] C. Howard, S. Gilmore, J. Robertson, R. Peakall, Developmental validation of a Cannabis sativa STR multiplex system for forensic analysis, J of Forensic Sciences 53(5) (2008) 1061-7 (9] EIOGliZIngPohr?armRaCEZgl::lllBT”Iijlgi)r'iszc?r?())oiz;;?lz dlgjll\lziohlazﬁjt/bpebs'zrgeﬁi crop-use characteristics and geographic origins of Cannabis sativa, Forensic Sci Int 172(2-3) (2007) 179-90 . . pp . y . . ¢ y
: : : : : : doi:10.1111/].1556-4029.2008.00792.x. | N | - | 110 1016/ foreint 2006 10098 ¢ Plotyp P Becgrapnic orie ' National Institute of Justice, Office of Justice Programs, U.S. Department of
Wa S pe rfo r m ed u S I n g th e Type_lt M IC rosate I I Ite PC R Klt (QI a ge n ) [4] S. Kohnemann, J. Nedele, D. Schwotzer, J. Morzfeld, H. Pfeiffer, The validation of a 15 STR multiplex PCR for Cannabis species, Int J of Leg Med 126(4) (2012) 601-6 doi:10.1007/s00414- (10] ABi PI%ISM@’ é.NaPShot;M Mul.tip.lex K.it N N T —
012-0706-6. ! . . . ,in: A, (Ed. 0. c o ¢ c c c .
TlOOTM Th I C I B - R d H I CA U SA [5] R. Houston, M. Birck, S. Hughes-Stamm, D. Gangitano, Evaluation of a 13-loci STR multiplex system for Cannabis sativa genetic identification, Int J of Leg Med 130(3) (2015) 635-647 H;} :; ;ivmg:f'o%ziyAkl;?fSEsrcl)cgg2?(22&:1';5;;5(:35?12”;::sri)r:"(l)ogr:?/rr*f:r:ghoisgf:Z]::ho(:da;l;ecz:js?(zi’josoulr;derland MA. Sinauer Associates. 2003 JUStlce' The Opl n Ionsl fl nd I ngsl d nd ConCI usions or recomme ndatlons expressed
— d ': . o - -X. . ) . . . N ) ) . . . . °
O n a e r m a yC e r ( I O a ) e rC U e S) ) ) . [6] R.OI-Iloll?stlc?r(\)?I\//ls.ogiiili (S).lslulgzhgess-);tamm, PRGanz tanoADeve ooientalanal e Al alidationloRan ore Bl SalSTRInttpl A ethedloneannabie st alE NADk T e e s e okt [13] J.K. Pritchard, M. Stephens, P. Donnelly, Inference of population structure using multilocus genotype data, Genetics 155(2) (2000) 945-59. N th IS p rese ntat|0 N are t h ose Of th e ad uth (@) I’(S) an d d on Ot Necessarl Iy reﬂ ECt

Japan) 26 (2017) 33-40 doi:10.1016/j.legalmed.2017.03.001 [14] T. Jombart, adegenet: a R package for the multivariate analysis of genetic markers, Bioinformatics 24(11) (2008) 1403-5 doi:10.1093/bioinformatics/btn129.

[7] S. Dumolin-Lapegue, M.H. Pemonge, R.J. Petit, An enlarged set of consensus primers for the study of organelle DNA in plants, Mol Ecology 6(4) (1997) 393-7. t h ose Of th e De pa rt me nt Of J u Stlce .



	Slide Number 1

