PUCRS

PONTIFICIA UNIVERSIDADE CATOLICA DO RIO GRANDE DO SUL
ESCOLA DE CIENNCIAS DA SAUDE E DA VIDA
PROGRAMA DE POS-GRADUACAO EM BIOLOGIA CELULAR E MOLECULAR

LUCAS DE OLIVEIRA PEREIRA RIBEIRO

IDENTIFICACAO E RASTREABILIDADE DE CANNABIS SATIVA POR MEIO DE SISTEMA
MULTIPLEX DE MICROSSATELITE (STR).

Porto Alegre
2019

POS-GRADUACAO - STRICTO SENSU

»8.¢
i,
; &%

v, &
9 -5
Epym®

Pontificia Universidade Catodlica
do Rio Grande do Sul




Pontificia Universidade Catdlica do Rio Grande do Sul

Escola de Ciéncias

Programa de Pds-Graduagao em Biologia Celular e Molecular

Identificacao e rastreabilidade de Cannabis sativa por meio de sistema

multiplex de microssatélite (STR).

Dissertacdo apresentada ao Programa de
Pés-graduacdo em Biologia Celular e
Molecular da PUCRS como requisito para
obtencdo do grau de Mestre em Biologia

Celular e Molecular.

LUCAS DE OLIVEIRA PEREIRA RIBEIRO

ORIENTADOR

CLARICE SAMPAIO ALHO

Porto Alegre, RS
Junho de 2019



Ficha Catalografica

R484i1

Ribeiro, Lucas de Oliveira Pereira

Identificagao e rastreabilidade de Cannabis sativa por meio de
sistema multiplex de 19 locus de microssatelite (STR) / Lucas
de Oliveira Pereira Ribeiro . —2019.

25 p.

Dissertagao (Mestrado) — Programa de Pos-Graduagao em
Biologia Celular e Molecular, PUCRS.

Orientadora: Profa. Dra. Clarice Sampaio Alho.

1. Cannabis sativa. 2. Rastreabilidade. 3. Identificacao. 4.
Microssatelite. 5. Forense. I. Alho, Clarice Sampaio. II. Titulo.

Elaborada pelo Sistema de Geragao Automatica de Ficha Catalografica da PUCRS
com os dados fornecidos pelo(a) autor(a).
Bibliotecaria responsavel: Clarissa Jesinska Selbach CRB-10/2051




AGRADECIMENTOS

Agradeco a Professora Clarice Sampaio Alho, pela atencao, paciéncia, conhecimento e especial a
amizade e carinho que sempre teve para comigo.

Agradeco ao amigo e quase Doutor Eduardo Avila, pelos ensinamentos, mentoria, parceria e
discussdes de engrandecimento pessoal.

Agradeco aos meus colegas de laboratdrio pela harmonia do ambiente e companheirismo ao longo
dajornada.

Agradeco aos membros da banca pela disposicdo em colaborar com o enriquecimento deste
trabalho.

Agradeco a Fernanda, pessoa especial que esteve ao meu lado neste momento tdao importante,
suportando e assistindo a mim sempre que necessdrio.

Agradeco, por fim, a minha familia que, mesmo geograficamente longe, nunca estive distante. A
familia foi e é para mim mais que um lago genético ou uma heranga sanguinea. Sua defini¢ao, ainda que ndo

completa, foi representada em cada gesto, palavra e carinho direcionados a mim.



RESUMO

O consumo de substancias psicoativas que podem causar dependéncia ou algum dano a saude do individuo
é uma preocupacdo social e médica desde 1925. Atualmente, a maconha ainda é a droga ilicita mais
consumida mundialmente. Apesar da queda no consumo ilegal observada em paises europeus, no continente
americano o inverso é observado. No Brasil, segundo os ultimos relatérios, aproximadamente 225 mil kg de
Cannabis sp. foram apreendidos pela Policia Federal. Por tratar-se de uma substancia ilegal em varios paises,
a aquisicao dessa droga da-se através do mercado ilicito. Mundialmente, estima-se que 65% do crime
organizado esta envolvido com o narcotrafico. No Brasil, um ter¢o da populagdo carceraria responde pelo
crime de trafico e no Estado do Rio Grande do Sul (RS) esse numero é de 26%. A maconha apreendida no Rio
Grande do Sul possui pelo menos trés principais rotas com origens conhecidas: Paraguai, Uruguai e Poligono
da Maconha (extensdo territorial que contempla cidades da Bahia e Pernambuco, ao longo do rio Sdo
Francisco). Além destas rotas, emerge uma nova forma de tréfico, visivel através do aumento no nimero de
sementes apreendidas embalagens transportadas via correio nos Ultimos anos. Através da andlise de dois
painéis multiplex de 13-loci STR (propostos por Houston e colaboradores, 2015 e 2017)(HOUSTON et al.,
2015, 2017)(HOUSTON et al.,, 2015, 2017)(HOUSTON et al., 2015, 2017)(HOUSTON et al., 2015,
2017)(HOUSTON et al., 2015, 2017), 94 amostras de Cannabis sativa foram analisadas. Ambos os sistemas
analisados foram eficazes em individualizar e rastrear a origem geografica de cada individuo. A chance de
duas amostras aleatérias terem o mesmo gendtipo no Painel 2015 e no Painel 2017 é de uma em 65 bilhdes
e uma em 430 milhdes, respectivamente. Ndo obstante, o Painel 2015 classificou corretamente 99% das
amostras, enquanto o Painel 2017 classificou 96%. Para o Painel 2015, a andlise de coordenadas principais
(PCoA) baseadas na distancia genética foi capaz de agrupar os individuos de acordo com a sua origem
geografica. De forma geral, a comparacao entre os resultados obtidos permitiu identificar uma melhora
significante na eficiéncia em identificar e rastrear, de acordo com a origem, as amostras brasileiras de
maconha utilizando o painel proposto em 2015 quando comparado ao Painel 2017. Utilizando o gendtipo
dos 19 STRs foi possivel observar uma variacdo genética entre os grupos, concordante com a regido
geografica de cada apreensdo. Em comparacdo, a analise dos 19 marcadores de microssatélites
coletivamente demonstrou melhores resultados do que os obtidos pelo Painel 2015. Esse ganho de
informacdo é esperado, dado o acréscimo de 7 marcadores STR. Contudo, o esfor¢o e os custos necessarios
para a analise de dois sistemas de 13-loci STR para a obtencdo dos 19 loci devem ser avaliados e podem nao
ser vantajosos. Em conclusdo, o Painel 2015 (proposto por Houston e colaboradores em 2015) demonstrou
melhores resultados quando comparado ao Painel 2017, podendo ser utilizado como uma ferramenta de

inteligéncia pela Policia brasileira.
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ABSTRACT

The consumption of psychoactive substances that may cause harm to the individual is a medical and social
concern since 1925. Nowadays, marijuana still is the most consumed drug worldwide. Despite the decrease
of illegal consumption in European countries, in the America continent it is growing. In Brazil, according to
reports, approximately 225 thousand kilograms were apprehended by the Brazilian Federal Police. As an illicit
drug in most of the countries, marijuana acquisition by consumers occurs through the illicit market. It is
estimated that, worldwide, 65 per cent of the organized crime is involved with narcotraffic. One third of
Brazilian prison population respond for crimes associated with drugs markets, in Rio Grande do Sul (RS) this
number is about one quarter. The marijuana seized in RS come from three main sources: Paraguay, Uruguay,
and Marijuana Polygon (region alongside Sdo Francisco river that extends between the states of Bahia and
Pernambuco). Besides these known paths, a new incoming source can be observed through postal office
seeds apprehension in the past few years. The analysis of two 13-loci STR multiplex panels (proposed by
Houston and collaborators, 2015 and 2017), 94 samples of Cannabis sativa trafficked in Brazil were
investigated. Both systems were effective in individualizing and origin differentiating each sample. The
random match probability of two unrelated samples for Panel 2015 and Panel 2017 were one in 65 billion
and one in 430 million, respectively. In addition, Panel 2015 correctly classified 99% of all samples according
to its region, while Panel 2017 classified 96%. The Principal Coordinate Analysis (PCoA) of Panel 2015 clearly
distinguish the groups of seizure according to their regions. Overall, the comparison of the forensic results
obtained for both panels allowed to observe a significant efficiency improvement in individualization and
origin identification of Brazilian samples when using Panel 2015. Utilizing the genotype of all 19 markers, it
was possible to identify a genetic variance among the groups concordant with the geographical region of
each seizure. In comparison, the analysis of all STR markers collectively showed better results than those
obtained with Panel 2015. This gain in informative power was expected, since 7 STRs were added. Although,
the effort and cost of analyzing two 13-loci STR systems in order to obtain all 19 loci should be considered
and might not be advantageable. In conclusion, Panel 2015 proposed by Houston et al. (2015) demonstrated

better results when compared with Panel 2017, being a reliable tool for the Brazilian Police intelligence.
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REFERENCIAL TEORICO

HISTORICO DA Cannabis sativa

Popularmente conhecida como ‘maconha’, a Cannabis sativa é uma planta herbdcea da familia
Cannabaceae, descrita no século XVIII (LINNE & SALVIUS, 1753). A familia Cannabaceae é composta pelos
géneros Aphananthe, Cannabis, Chaetachme, Celtis, Gironniera, Humulus, Lozanella, Parasponia, Pteroceltis
e Trema (YANG et al., 2013). A subdivisdo do género Cannabis sp. ndo é um consenso dentro da literatura,
sendo a espécie ora descrita como politipica e outrora como monotipica (WATTS, 2006). Ao passo que outras
duas espécies foram descritas por Jean-Baptist Lamarck e por Janischevsky, Cannabis indica e Cannabis
ruderalis, respectivamente, estudos sugerem que estas duas seriam subdivisdes, ou até mesmo variagdes,
da espécie Cannabis sativa e ndo outras espécies (HONG & CLARKE, 1949). Adotando a visdo monotipica, a
mesma utilizada pelas autoridades brasileiras, a classificacao, de acordo com o United States Department of

Agriculture (2016) é a seguinte:

NOME DA ESPECIE: Cannabis sativa L.
TAXONOMIA:

Reino: Plantae (planta)

Subreino: Tracheobionta (planta vascular)
Subdivisdo: Spermatophyta (planta com sementes)
Divisdo: Magnoliophyta (planta com flores)
Classe: Magnoliopsida (Dicotiled6nea)
Subclasse: Hamamelididae

Ordem: Urticales

Familia: Cannabaceae

Género: Cannabis L.

Espécie: Cannabis sativa L.

Subespécies: sativa, indica, ruderalis, spontanea

A planta caracteriza-se por possuir entre um metro e meio a trés metros de comprimento, podendo
atingir, em alguns casos, até sete metros, dependendo do tipo e condi¢Ges de cultivo. O caule é fino, ereto e
com ramificacdo monopodial, sua coloracdo pode variar de verde-claro a verde-escuro, apresentando
coloragdo bordd devido a presenca de antocianina (molécula responsavel pela pigmentacdo vermelha

azulada das flores e frutos) e dspero, com angulagGes estriais longitudinais bem visiveis; fistuloso e fibroso



com camada exterior rigida. Conhecido também como canhamo é utilizado para fabricacao téxtil, gracas a
sua caracteristica resistente, desde o oitavo milénio a.C. (NASCIMENTO, 2014).

As folhas sdo simples, longas e lanceoladas com segmentos impares (3 a 11), com apice acuminado
e base atenuada a cuneada; bordas serreadas e de tamanho variavel, podendo atingir mais de 15 cm (Figura
1); consisténcia membrandacea a papiracea; levemente asperas. As flores unissexuais e inconspicuas tém
tricomas glandulares que, nas femininas, secretam resina (SOUZA et al., 2006). A polinizacdo é realizada pelo
vento, através da liberacdo do pdlen presente nos estames masculinos. Originaria da Asia, os primeiros
registros do uso da planta devido a suas caracteristicas téxteis, para fabricacdo de tecidos, roupas e
equipamentos de pesca datam cerca de 6000 anos. Ja o uso das inflorescéncias femininas, esta presente no
livro de medicina Pén-Ts’ao Ching, escrito ha 4000 anos atrds, e relata o uso da planta para obtengao de

efeitos alucinégenos (IVERSEN, 2009).

A PLANTA COMO ALUCINOGENO

Os principais efeitos alucinégenos, sdao decorrentes da a¢do dos canabindides (grupo de moléculas
produzidas especificamente pela C. sativa, tendo variagdo nas suas concentra¢des de acordo com a parte da
planta), sendo os principais, o A°-Tetrahidrocanabinol (THC), Canabidiol (CBD) e Canabiol (CBN). Dentre os
canabindides, o de maior importancia psicoativa é o THC. O acumulo dessa substancia depende da parte da
planta e das condi¢des de plantio (local, condi¢cées do solo e manutencdo do plantio), e tem sua maior
concentrac¢do nas inflorescéncias femininas (KOHNEMANN et al., 2012).

O uso da planta para fins recreacionais é difundido no mundo inteiro, tendo as mais variadas formas
de consumo e preparo. A forma mais comum é a inalacdo dos vapores produzidos pela incineragao da planta
seja em forma de cigarro ou através de ferramentas que auxiliem na queima e
“[...]induz uma variedade de efeitos sensoriais e psicoldgicos, incluindo devaneio leve e euforia; intensificada
consciéncia sensorial, criatividade e empatia; memaria prejudicada em curto prazo; sentido alterado de
tempo e espaco; apetite e desejo sexuais reforgcados; sonoléncia ocasional e uma tendéncia para melhorar a
introspeccdo, embora esses efeitos variem entre os individuos dependendo da idade, dosagem, tempo e

frequéncia de uso” (WARF, 2014)
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Figura 1: llustracdo das partes anatomicas da planta Cannabis sativa. Legenda: (A) inflorescéncias de uma
planta masculina; (B) planta feminina semeada; 1- flor masculina; 2, 3- anteras, dois angulos diferentes; 4-
Pélen segmentado; 5- flor feminina com bracteas; 6- flor feminina sem bracteas; 7- flor feminina
mostrando o ovario; 8- fruto com bracteas; 9, 10- fruto sem bractea; 11, 12- fruto sem bractea, seccionado;

13- semente sem tegumento. Fonte: Kéhler, Hermann Adolph (1887) Kéhler's Medicinal Plants.



Além dos efeitos acima descritos, o uso da maconha estd associado a piora de condi¢bes patoldgicas,
como taquicardia, intensificacdo ou desencadeamento de sindromes psiquidtricas e perda de flexibilidade
mental, formacdo de conceitos e limitagdo na capacidade de abstracdo. (ALMEIDA et al., 2008; SANCHES &
MARQUES, 2010).

A primeira e recente revisdao sobre o uso de maconha e possiveis danos a saude encontrou uma
associagao significativa entre o consumo de Cannabis sp. na adolescéncia e o aumento do risco de depressao
e intengdes suicidas na vida adulta (GOBBI et al., 2019). Estes resultados precisam ser replicados, porém

levantam um alerta sobre o crescente consumo da planta como alucinégeno.

QUESTOES LEGAIS

A primeira proibi¢do do uso da C. sativa ocorreu em 19 de fevereiro de 1925, durante a || Conferéncia
Internacional do Opio, em Genebra (Figura 2 e 3). Na conveng3o, a exportacdo, venda, produgdo, distribuicdo
e uso da resina ou qualquer extragdo proveniente da planta foram proibidos, sendo apenas o uso cientifico

permitido, mediante prévia autorizacdo (LEAGUE OF NATIONS, 1925).

CHAPTER III.

INTERNAL CONTROL OF MANUFACTURED DIIRUGS.

Article 4.

The provisions of the present Chapter apply to the following substances :
{a) Medicinal opium ;
{t) Crude cocaine and ecgonine |
{¢) Morphine, diacetylmorphine, cocaine and their respective salts ;
fd} All preparations officinal and non-officinal {including the so-called anti-opium
- remedies} containing more than 0.2 per cent of morphine or more than 0.1 per cent of
cocaine ;
fe) All preparations containing diacetylmorphine ;
{f) Galenical preparations (extract and tincture) of Indian hemp ;

(&) Any other narcotic drug to which the present Convention may be applied in
accordance with Article 1o,

. Article 5.

The Contracting Parties shall enact effective laws or regulations to limit exclusively to medical
and scientific purposes the manufacture, import, sale, distribution, export and use of the substances
to which this Chapter applies. They shall co-operate with one another to prevent the use of these
substances for any other purposcs,

Figura 2: Capitulo terceiro, artigos 4° e 5° da convecgdo assinada na Il Conferéncia
Internacional do Opio, em Genebra, 1925. Fonte: Texto original disponivel em JSTOR (Journal Storage)

http://www.jstor.org/stable/2187338



CHAPTER TIV.

Inpiax HeMr,

. Article 11,

1. In addition to the provisions of Chapter V of the present Convention, which shall apply
to Indian hemp and the resin prepared from it, the Contracting Parties undertake

fa) To prohibit the export of the resin obtained from Indian hemp and the ordinary
preparations of which the resin forms the base (such as hashish, esrar, chiraz, djamba)
to countries which have prohibited their use, and, in cases where export is permitted,
.o to require the production of a special import certificate issued by the Government of the
importing country stating that the importation is approved for the purposes specified
in the certificate and that the resin or preparations will not be re-exported ;
(&) Before issuing an export autherisation under Article 13 of the present Convention,
; in respect of Indian hemp, to require the production of a special import certificate issned
by the Government of the importing country and stating that the importation is approved
and is required exclusively for medical or selentific purposes,

2. The Contracting Parties shall exercise an effective control of such a nature as to prevent
the illicit international traffic in Indian hemp and especially in the resin,

Figura 3: Capitulo quarto, artigo segundo da convecg¢do assinada na Il Conferéncia
Internacional do Opio, em Genebra, 1925. Fonte: Texto original disponivel em JSTOR (Journal Storage)

http://www.jstor.org/stable/2187338

Ao final de 1930, apds assinatura do termo, a repreensao e apreensao aos plantios de maconha
iniciaram-se no Brasil. Apesar daquele combate inicial a planta, somente em 1976, a primeira lei foi
implementada no pais. A lei n° 6.368, de 21 de outubro, proibiu plantio, cultivo, colheita, exploracdao ou
consumo de qualquer planta que apresentasse substancias psicotrdpicas.

Atualmente, a Cannabis sativa esta relacionada na lista E — lista de plantas proscritas no territério
nacional, que podem originar substancias entorpecentes e/ou psicotrépicas — e o THC citado na lista F2 —
lista de substancias de uso proscrito, no Brasil, sendo uma substancia psicotrépica aquela que pode
determinar dependéncia fisica ou psiquica — de acordo com a vigente Portaria SVS/MS n° 344, de 12 de maio
de 1998.

A tipificagdo criminal do uso e/ou trafico de drogas estd disposta na lei n° 11.343, de outubro de 2006. Apesar

do previsto no paragrafo segundo do artigo 28, o qual legisla que

“Para determinar se a droga destinava-se a consumo pessoal, o
juiz atenderd a natureza e a quantidade da substdncia
apreendida, ao local e as condigées em que se desenvolveu a
acdo, as circunstdncias sociais e pessoais, bem como a conduta

e aos antecedentes do agente”;



a discriminagdo entre usuario e traficante é subjetiva e estd fortemente relacionada as caracteristicas
socioecondmicas do individuo abordado. O usuario, caracterizado no Artigo 28, ndao possui penas privativas
de liberdade, ao passo que o traficante, caracterizado no Artigo 33, pode cumprir até 15 anos de reclusao.
A subjetividade da definicdo entre usudrio e traficante trouxe diversos problemas, principalmente a
nivel carcerario. Apds a “nova lei das drogas”, como é conhecida a lei n° 11.343, houve um considerdvel
aumento nas prisoes de individuos tipificados no artigo 33, especialmente homens de 18 a 29 anos, negros
e de baixa renda. Esse é um tema delicado e foge do escopo do presente estudo e, dessa forma, ndo sera

aprofundado ao longo dessa dissertacao.

CONSUMO ILEGAL

De acordo com o ultimo levantamento da United Nations Office on Drugs and Crime (UNODC), cerca

de 275 milhdes de pessoas utilizaram algum tipo de droga, pelo menos uma vez, em 2016. Esse valor
representa 5.6% da popula¢do adulta mundial entre 15-64 anos de idade, sendo que 11% desses usuarios
(0,6% da populagdo mundial) sofrem com problemas de abuso com drogas (UNODC, 2018).
Atualmente, os opioides sdo o grupo de drogas que causam mais danos a saude do individuo. Contudo, 3,8%
da populagdo utilizou Cannabis sp. no ultimo ano, mantendo-a como a substancia ilicita mais consumida no
nivel mundial. Apesar do nivel de consumo de drogas ter se mantido estdvel nos ultimos cinco anos, e o
consumo de maconha também estabilizado ou diminuido em partes da Europa, nas Américas, o consumo
aumentou (UNODC, 2018).

No Brasil, a maconha mantém-se como a droga mais consumida: em 2010, 3000 individuos entre 14
e 65 anos foram entrevistados e 2,1% deles usavam Cannabis sp. ha pelo menos um ano (JUNGERMAN et al.,
2010). O ultimo levantamento, 2015, feito pelo Centro de Referéncia em Alcool, Tabaco e Outras Drogas
(CRATOD), com jovens de 12 a 18 anos atendidos pelo programa, apontou que 67% dos entrevistados

atendidos pelo CRATOD ja haviam utilizado ou ainda utilizam a substancia.

TRAFICO E PLANTIO

Tratando-se de uma droga ilicita em muitos paises, a obtencdo da maconha da-se pela compra no
mercado ilicito ou de plantag¢des indoor. O narcotréfico representa hoje um dos maiores agentes causadores
de dano asociedade e é responsavel por consumir grande parte dos recursos publicos. No entanto, por tratar-
se de um mercado rentavel, ele torna-se cada vez mais atrativo. O levantamento feito pela European Police
(EUROPOL), em 2017, demonstrou que 65% do crime organizado estdo envolvidos no trafico de drogas,

representando um aumento de 35% desde 2013 (EUROPEAN UNION, 2017). A rentabilidade proporcionada
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por esse mercado pode ter grande influéncia na economia de uma cidade, estado ou até mesmo um pais.
Um exemplo do narcotrafico internacional foi o Cartel de Medellin, o qual gerou milhdes de ddlares e exerceu
influéncia direta na economia e no governo da Cold6mbia. Em 1988, na Convencao Contra o Narcotrafico e

Tréfico llicito de Drogas Psicotrdpicas, as Nacdes Unidas declararam que:

“[l]licit traffic generates large financial profits and wealth
enabling transnational criminal organizations to penetrate,
contaminate and corrupt the structures of government,
legitimate commercial and financial business, and society at all

its levels”.

Da populagdo carceraria do Brasil, um terco responde pelo crime de trafico de entorpecentes. Ja no
Rio Grande do Sul, 26% dos presos sao por trafico, fato que demonstra o intenso envolvimento de individuos
com o este delito (VELASCO et al., 2017). Concomitante, o mercado ilicito de drogas ndo é apenas um
problema de seguranga, mas também uma questao de saude publica, visto que o produto oferecido pelo
narcotrafico também sofre adi¢des e alteragdes, a fim de gerar uma maior rentabilidade/lucro. Tais
alteracdes podem causar danos ainda maiores ao consumidor.

O combate as drogas, em nivel global, vem sendo intensificado. No levantamento feito pela UNODC,
em 2015, foram reportados 2,4 milhdes de casos de apreensao as drogas, no mundo inteiro (Figura 4). A
apreensdo de Cannabis sp. ocupa mais de metade das apreensdes feitas em 65 dos 135 paises que
reportaram plantacdes da planta em seu territério (territério que cobre 92% da populagao global) (UNODC,
2017).

A quantidade de Cannabis sp. apreendida em 2016, segundo os relatérios repassados a UNODC,
aproxima-se de 10000 toneladas, tendo o México como pais que reportou o maior nimero de apreensoes e
o Brasil ocupando a sexta posicao, atrds do Paraguai e dos Estados Unidos no continente Americano (UNODC,
2018). Segundo a Policia Federal, no ano de 2016, cerca de 225 mil kg de maconha foram apreendidos em
territério nacional. As principais rotas de trafico no pais incluem drogas provenientes do Poligono da
Maconha — area territorial brasileira composta por diversas cidades do estado da Bahia e de Pernambuco,
localizadas ao longo do Rio Sao Francisco e o norte do estado baiano —, do Paraguai e do Uruguai.

O controle do cultivo da droga no pais tem diversas dificuldades, pois os plantios situam-se sempre
em regido de dificil acesso, territorialmente ampla e isolada. Aliado aisso, o controle necessita ser recorrente,
visto que a cada acdo policial, um novo plantio é realizado e em uma diferente localidade (MOREIRA, 2005).
Pontes (2014) estimou que, no Poligono da Maconha, aproximadamente, 40 mil trabalhadores estdo

envolvidos no plantio de Cannabis sp., direta ou indiretamente.
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casos). Fonte: UNODC. Global Overview Of Drug Demand And Supply, 2018.

Além disso, nos ultimos anos, a forma de traficar drogas estd mudando. A Policia Federal verificou
um aumento exponencial no nimero de apreensdes de sementes de Cannabis sp. nos correios. Esta mudanga
pode ser uma consequéncia do aumento dos programas de erradicacao de plantagdes em larga escala e a
preferéncia por plantios em estufas, o qual possibilita maior controle de qualidade e de rendimento. Tal
tendéncia também foi observada no continente europeu (DE BACKER et al., 2012; UNODC, 2017). Na Bélgica,
o0 aumento de 250% nas apreensdes de cultivos indoor foi observado entre um periodo de oito anos (2007 a
2015), sendo que 43% das apreensées de 2015 continham mais de 50 plantas (CUYPERS et al., 2017). Esse
mesmo alto nimero de plantas nos cultivos indoor também foi observado na Espanha, onde, em 2013, 748
plantacdes foram apreendidas, sendo que destas 86% possuiam mais de duzentas plantas (ALVAREZ et al.,
2016). Aliado ao problema de trafico, os cultivos indoor, demandam uma grande quantidade de energia
elétrica, muitas vezes também obtida de forma ilegal. Estima-se que, anualmente, o gasto energético para

producdo de Cannabis sp. indoor seja de seis bilhdes de délares (MILLS, 2012).

RASTREABILIDADE

Considerando o cenario do narcotrafico atual, fazem-se necessarias metodologias capazes de
rastrear possiveis origens da Cannabis sp. Tais técnicas permitem, aos érgdaos competentes, a obtencdo de
informagdes complementares, como origem e rotas de trafico, a fim de auxiliar no monitoramento, na
fiscalizacdo e na apreensdo da droga. Segundo a UNODC, os métodos para identificacdo e analise da Cannabis
sp. sdo divididos em: Métodos Fisicos, Métodos Quimicos e Outros Métodos (UNODC, 2017).

Os métodos fisicos sdo aqueles que avaliam a morfologia da planta, macro e microscopicamente,

variacGes nas flores, folhas e/ou frutos, bem como na cor e indicam diferentes areas e condi¢des de cultivo.
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Os métodos quimicos avaliam o teor de THC por meio de cromatografia associada a diferentes detectores.
No Brasil, esse é o Unico teste realizado pela Policia Federal em casos de apreensdo. Diversas outras analises
entram na classificacdo de outros métodos. Dentre eles, estdo as analises isotdpicas, as quais observam as
variacoes isotdpicas de carbono e nitrogénio; os métodos mineraldgicos, os quais analisam as concentracdes
e diversidades de minerais que variam de local para local e os métodos moleculares.

Os métodos moleculares para analise e rastreabilidade da maconha contemplam uma variedade de
técnicas genéticas, além de novas propostas metodoldgicas que continuam emergindo. Alguns estudos
moleculares, na tentativa de identificacdo geografica, avaliaram marcadores RAPD (random amplified
polymorphic DNA) (JAGADISH et al., 1996), DNA organelar (GILMORE; PEAKALL; ROBERTSON, 2007;
HOUSTON et al., 2018a; RIBEIRO et al., 2013) e STRs (short tandem repeats) (ALGHANIM & ALMIRALL, 20033;
HOUSTON et al., 2015, 2017).

Neste ambito, os STRs vém ganhando importancia devido ao perfil genético individual de cada planta
gue pode ser gerado a partir da escolha de painéis especificos. Short tandem repeats sdao definidos como
curtas sequéncias (2 a 6 nucleotideos) que se repetem em tandem, ocorrendo em plantas e animais, em
média, uma sequéncia a cada 33kb em plantas e uma a cada 6kb em humanos (WANG et al., 1994).
Normalmente, estao localizados em regides nao codificantes, e a quantidade varia de acordo com o tamanho
gendmico do organismo (TOTH et al., 2000). Weber (1990) dividiu a estrutura de repeticdo dos
microssatélites em trés grupos: repeticdes perfeitas (sem interrup¢des ex. (CAG)g), repeticbes imperfeitas
(interrompidas por uma base aleatdria ex. (CAG)s(T)1(CAG)s) e repeticGes complexas (duas ou mais repeticoes
adjacentes uma a outra ex. (CAG)s3(TTTA)s). A relativa facil reprodutibilidade dos experimentos de STR,
utilizacdo de PCR multiplex, a heterozigosidade e o alto polimorfismo caracterizam os STRs como o principal

método de escolha para analises forenses.

STR PARA Cannabis sp.

O primeiro painel de STR para Cannabis sp. foi desenvolvido em 2003, por Gilmore e colaboradores
(2003). Neste estudo, os autores buscaram em todo genoma da planta unidades de dois a quatro
nucleotideos com, pelo menos, dez repeticdes. Como resultado, o grupo descreveu 11 microssatélites
capazes de discriminar as amostras individualmente e de relaciona-las (GILMORE et al., 2003). Apesar de ndo
possuirem uma descricdo exata da posi¢cdo gendmica, estudos complementares vém relatando novos STRs
para a Cannabis sp., bem como, a utilizacdo deles para fins forenses (ALGHANIM & ALMIRALL, 2003b;
HOWARD et al., 2008, 2009).

O genoma parcial da Cannabis sativa foi descrito apenas em 2011 e com auxilio de outros estudos,

foi possivel caracterizar o seu cariétipo. A planta é um organismo diploide com 10 cromossomos, sendo dois



sexuais (X e Y) (VAN BAKEL et al., 2011; DIVASHUK et al., 2014). Os cromossomos possuem, em média, o

mesmo tamanho, sendo o Y o maior deles (Figura 5).

autosomes

autosomes

Figura 5: Cariétipo da Cannabis sativa masculina (i) e feminina (j) produzido através da técnica de FISH.
Fonte: Divashuk et al. (2014) “Molecular Cytogenetic Characterization of the Dioecious Cannabis sativa

with an XY Chromosome Sex Determination System

Na reproducdo sexuada (polinizacdo da planta feminina pelo pdlen da planta masculina) ha

segregacao de cromossomos na meiose e, consequente transmissdo para a planta filha, sendo o perfil da

planta filha composto a partir do perfil dos genitores. Na reproducdo clonal, na qual mudas da planta original

sdo propagadas, o mesmo perfil genético é mantido ao longo das geracoes.

Um estudo utilizando STRs previamente descritos para Cannabis sp., seguindo os protocolos da

International Society of Forensic Genetic (ISFG) e o Scientific Working Group on DNA Analysis Methods

(SWGDAM), desenvolveu um Painel Multiplex de 13 loci de STR. Os resultados demonstraram a aplicabilidade

deste painel para identificacdo da planta (HOUSTON et al., 2015) (Tabela 1).

Tabela 1. Painel contendo 13 loci STR (set 13-loci STR), segundo Houston et al. (2015), utilizado no primeiro

estudo realizado Laboratério de Genética Humana e Molecular | Genética Forense, PUCRS: marcadores,

tipo de STR, motivo da repeticdo, tipo de repeticdo e alelos observados.

MARCADOR TIPO MOTIVO REPETICAO ALELOS OBSERVADOS
D02 Tri-nucleotide (GTT) Simples 6,7,8
Cl11 Tri-nucleotide (TGA) (TGG) Composta/Indel 13, 14, 15
HO09 Bi-nucleotide (GA) Simples 11, 12, 16, 18, 19, 20, 21, 22,23, 24
BO1 Complexo (GAA) (A)(GAA) Complexa 10, 13, 14, 15
EO7 Tri-nucleotide (ACT) Simples 7,8,9
305 Tri-nucleotide (TGG) Simples 4,8,9
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308 Bi-nucleotide (TA) Simples 3,5,6,7,8,9,10,11,12,13

B0O5 Tri-nucleotide (TGG) Simples 7,8,9,10

HO6 Tri-nucleotide (ACG) Simples 7,8,9

ANUCS501 Penta-nucleotide (TTGTG) Simples 4,5,6

CS1 Hexa-nucleotide (CACCAT) Simples 12,14,17, 21, 23, 24, 25, 26, 27, 28, 29, 30
302 Tri-nucleotide (ACA) (ACA) (ACA) Composta 22, 29,31, 33,36

301 Tri-nucleotide (TTA) Simples 6,15, 17,19, 20, 21, 22, 24, 25

Seguindo os propdsitos do estudo de Houston et al. (2015), assim que foi publicado, a equipe do
laboratério de Ciéncias do Solo, UFRGS, coordenado pelo Dr. Flavio Anastdcio de Oliveira Camargo,
juntamente com peritos da Policia Federal do RS, estabeleceu no Laboratério de Genética Humana e
Molecular — Genética Forense (PUCRS) um sistema de detecc¢do por STR utilizando o painel de 13 loci para
Cannabis sp. desenvolvido no artigo supracitado.

Durante os anos de 2014 e 2017, amostras de maconha de 72 lotes apreendidos pela PF foram
coletadas e analisadas. Destas amostras, 36 sdo provenientes de duas operac¢des de erradicagado (entende-se
por operagdo de erradicacdo a agao policial realizada nos plantios com o intuito de erradicar a plantagdo e
possivel distribuicdo do entorpecente) realizadas no nordeste brasileiro em dois anos diferentes, sendo 24
amostras em 2015 e 12 amostras em 2017. Através da apreensdo de sementes nos correios de Guarulhos,
SP, a Policia Federal semeou e cultivou 31 amostras de diferentes labels e origem vegetal desconhecida. As
demais cinco amostras foram provenientes de apreensoes feitas no Rio Grande do Sul, porém nao foi possivel
localizar a origem da plantagdo, obtendo-se apenas o bloco prensado da droga; apesar disso, acredita-se que
esta amostra seja proveniente do Paraguai, dado o histdrico do trafico presente em documentos oficiais da
Policia Federal do RS.

Todas as amostras foram amplificadas e analisadas utilizando o painel de 13 loci de STR proposto por
Houston et al. (2015), no entanto, o perfil completo sé foi gerado para 33 amostras (40,3%). A analise de
coordenadas principais, utilizando dois componentes, permitiu a discriminacdo das amostras de acordo com
a origem geografica das apreensdes. Apesar de coletadas em anos diferentes, através da variabilidade
genética entre essas amostras, as amostras apreendidas no nordeste brasileiro agruparam-se entre si (com
excecdo de uma amostra 2.3 de 2017). De forma visual, a Andlise de Coordenadas Principais (PCoA) permite

visualizar o agrupamento das amostras de acordo com a sua regido de apreensao (Figura 6).
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Figura 6: Analise de Coordenadas Principais realizada nas 72 amostras apreendidas no Brasil pela Policia
Federal. Legenda: N15: Amostras apreendidas no nordeste brasileiro no ano de 2015; N17: Amostras
apreendidas no nordeste brasileiro no ano de 2017; PF: Amostras cultivadas pela Policia Federal a partir de
sementes apreendidas nos correios de Guarulhos, SP e APR: Apreensdées de “prensados” no estado do Rio
Grande do Sul. Fonte: Parte dos resultados obtidos no estudo de doutorado realizado por Mauro Sander
Fett no Laboratdrio de Genética Humana e Molecular, PUCRS em parceria com a Policia Federal e
Laboratorio de Solos, UFRGS.

A andlise de componentes multiplos para cada alelo de cada gendtipo/amostra, considerando o seu
lote de apreensdo permitiu a classificagdo de 100% das amostras dentro dos grupos pré-definidos e, para
todos os grupos analisados, a combinacdo dos 13 loci de STR foi suficiente para diferenciar os genétipos das
amostras. Estes resultados fazem parte da Tese de doutorado do Dr. Mauro Sander Fett realizado no
Laboratdrio de Genética Humana e Molecular, PUCRS em parceria com o Laboratério de Ciéncias do Solo,
UFRGS, e a Policia Federal. O artigo original é intitulado “13-LOCI STR MULTIPLEX SYSTEM TO GENOTYPE
BRAZILIAN Cannabis sativa SEIZURE” pode ser encontrado através do DOI: 10.1007/s00414-018-1940-3.

Baseados no préprio ultimo estudo, Houston et al. (2017) publicaram um artigo com um novo painel
de 13 loci de STR de Cannabis sp. otimizado para analises forenses. Neste novo set os autores substituiram 6
loci que demonstraram baixa eficiéncia por 6 novos loci tetranucleotideos (motivo de repeticdo igual a quatro
nucleotideos) recentemente descritos na literatura. A reagdo de PCR, niumero de ciclos e temperatura de
anelamento, foram otimizados equiparando a robustez do método ao método de identificagdo humana por

STR. De acordo com os autores, 0 novo painel possui eficiéncia superior (100%) quando comparado ao painel
12



de 2015 (64%), propondo, dessa forma o recente painel como o mais indicado para fins forenses na

populacdo de plantas por eles analisados.
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OBIJETIVO

OBIJETIVO GERAL

e Testar dois sistemas multiplex de analises de microssatélites a fim de identificar o melhor conjunto
de marcadores de STR capaz de identificar e de rastrear a origem de Cannabis sativa apreendida em

territério brasileiro.

OBJETIVO ESPECIFICO

e Determinar a eficdcia, sendo estd a capacidade do sistema de individualizar amostras de Cannabis
sp. quanto a identidade e origem geografica, de cada um dos dois painéis STR, com 13 loci cada, e do
conjunto total dos 19 marcadores STR.

e Aferir, dentre os dois painéis avaliados, o mais eficiente, considerando os parametros forenses para
identificacdo e rastreabilidade geografica, para amostras de Cannabis sp. traficadas em territério
brasileiro.

e Comparar a eficiéncia obtida através do Painel eleito como mais eficiente com a eficiéncia do
conjunto total dos 19 marcadores STR, bem como avaliar se ha vantagens na utiliza¢cdo do conjunto

completo.
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ABSTRACT

Brazilian Cannabis sativa illicit market is mainly supplied by drugs originated from Paraguay and Northeastern
Brazil (marijuana polygon region). However, other sources as indoor cultivations (supported by online seeds
market), and Uruguay are also in Brazilian Federal Police (BFP) sight. Forensic tools to aid police intelligence
were published in the last years. In genetics, microsatellites have gained attention due to their
individualization capability. The aim of this study is to evaluate the effectiveness and efficiency of two STR
multiplex systems previously proposed in 94 Brazilian samples seized by BFP. Principal coordinate analyses
(PCoA), forensic parameters, and genetic structure analysis were executed. Both panels were effective in
individualizing and origin discriminating all samples, although the system proposed in 2015 demonstrated
better results. For this marker set, Pl for a random individual is approximately one in 65 billion, in addition,
the PCoA shows a clear genetic distinction among samples according to its origin. Bayesian inference
populational structure analysis indicated a significant genetic diversity among seizures groups, matching with
its origin. Endorsing preceding results, the 2015 panel was able to achieve its purpose in individualizing and
differentiating, according to geographic region, Brazilian Cannabis sp. samples, suggesting an informative and

convenient tool to BFP intelligence.

KEYWORDS: Cannabis sativa; Forensic Genetics; Genetic Markers; Origin tracking; Individualization.

INTRODUCTION

Consumption of Cannabis sativa, from this point, referred to as cannabis, as a hallucinogen dates
back from 4000b.C and, although consumption levels have stabilized or declined in parts of Europe for the
past six years, in the America Continent overall use has increased [1, 2]. According to the last survey published
by the United Nations Office on Drugs and Crime, America has the highest rate of marijuana production and
traffic, with four out of the top five countries with the largest drug markets located in this continent. Brazil is
the fifth nation in this list, with 225 tons of cannabis seized by the Brazilian Federal Police (BFP - Policia
Federal Brasileira) only in 2016, 5% of all seized marijuana worldwide, behind The United States Of America

(USA), Mexico, Paraguay, and Egypt, respectively [2].

It is known, through police reports and intelligence that the main supply routes of cannabis for the
Brazilian market are composed of drugs cultivated in three countries, Paraguay, Brazil, and Uruguay. South,

Southeast and West Central geopolitical regions are supplied by Paraguay and in minority by Uruguay, while
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North and Northeast are supplied by the marijuana polygon (Poligono da Maconha) — a region around S3do

Francisco river basin comprising two Brazilian states; Bahia and Pernambuco.

Since the legalization of recreational use of marijuana, Uruguay registered a limited scale of legal
supply to date. The official distribution system provided only 30,000 of the estimated 140,000 cannabis users
in Uruguay in 2014 [3]. A consequence of this drug shortage might be related to illicit traffic increase and

spiking numbers of violent episodes in the border between Brazil and Uruguay [4, 5].

Two other new routes emerged in the past five years in Brazil. Indoor cultivation has grown
exponentially, observed through the raise in cannabis seeds seizure in postal distribution offices, a trend also
observed in Europe countries as well [2, 6-8]. According to news, exploration of the Solim&es route (Rota do
Solimdes), a path that uses Solimdes river to cocaine traffic into Brazil, as a new option to marijuana trade
market started last year since a known organized crime group has taken control of drug traffic in Paraguay

and Marijuana Polygon routes [9].

The rising in cannabis recreational and medicinal consumption influences decriminalization and
legalization movements occurring in countries all over the globe. These phenomena allied with police,
academic and industrial interests (e.g. genetic quality control, regulation, and traffic tracking) urge the
development of a worldwide genetic database. In order to identify cultivars, origin tracking, and species

differentiation, DNA analysis has been increasingly performed over the last two decades. [10-18]

BFP, the main law enforcement agency responsible for national drugs traffic eradication, still lacks
scientific methods to help intelligence divisions to track and identify different traffic routes. Additionally, two
different studies using sequencing analysis of the ribulose-1,5-bisphosphate carboxylase/oxygenase (rbcl)

gene were not able to differentiate cannabis samples seized in Rio de Janeiro, Brazil. [19, 20]

Short tandem repeats (STRs) are, as its name states, a repetitive short sequence of up to six
nucleotides at a defined gene locus in a non-coding region [21], present in both vegetal and animal genomes,
and are the gold standard in human identification and forensic methods. STR for cannabis were firstly
described in 2003 [22, 23] and, to date, several other studies evaluated and reported new markers optimized
for forensic uses [15, 21, 24—-26]. Aiming to validate and construct a reliable marker set, Houston et al. [15,
26] developed two multiplex panels following the International Society of Forensic Genetics (ISFG) and
Scientific Working Group for Analysis of Seized Drugs (SWGDAM) guidelines, demonstrating the viability and
applicability of STR system for cannabis forensic purpose. In order to improve comprehension, the STR
Multiplex system based on Houston et al. [15] study will be referred to as Panel 2015, and the system based

on Houston et al. [26] as Panel 2017.

In a previous study, Fett et al. [27] used Panel 2015 to evaluate 72 Brazilian cannabis samples seized
by BFP between 2014 and 2017. Results demonstrated an efficient and reliable panel able to individualize

and discriminate 100% of the samples based on the geographical group where they were seized. This present
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study aimed to compare Panel 2015 and Panel 2017 effectiveness and efficiency in individualizing and origin
tracking 94 Brazilian cannabis samples. We also calculated the forensic parameters and analyzed the genetic

variance among the groups for all 19 markers collectively.

MATERIALS AND METHODS

Cannabis sativa samples

A total of 94 cannabis specimens were analyzed, all samples were seized in the Brazilian territory by
Brazilian Federal Police. The samples were divided into seven different groups according to the year and

region of apprehension, see (Table 1) for a detailed description of the groups.

As positive controls, 2 cannabis samples (EUA) with a known genetic profile for both panels were
kindly provided by Dr. David Gangitano (Department of Forensic Science, College of Criminal Justice, Sam

Houston State University, Huntsville, TX).

Extraction and quantification

Fett et al. [27] described two kits used for DNA isolation [28, 29]. According to their results, DNeasy
Mericon Food Kit performed better and, hence, was used for DNA extraction in this study, following the same
protocols. Samples' DNA concentrations were assessed by Qubit dsDNA HS Assay Kit (Invitrogen Carlsbad,

California, USA), following manufacturer instructions.

PCR Multiplex Conditions

Aiming to analyze and compare the two proposed panels [15, 26], two cannabis STR Multiplex were
evaluated. Table 2 lists all markers, their respective characteristics, final optimal concentrations, and dyes.
The amplification of both panels was performed via polymerase chain reaction (PCR) using the Multiplex PCR

Kit (Qiagen, Valencia, CA) on a VERITI 96-well Thermo Cycler (Thermo Fisher Scientific, Waltham, MA, USA).

All 94 samples were amplified using Panel 2015 and Panel 2017. PCR volumes and conditions for
Panel 2015 were performed as described in Fett et al., [27], and PCR volumes and conditions for Panel 2017

followed Houston et al. [26].

Single PCR reactions were required for samples that showed polyploidy content in one or more locus,

and when locus dropout occurred. All single PCR reactions were prepared at a 12.5 pL volume using 2 ng of
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template, 6.25 pL of Taq PCR Master Mix (Qiagen, Hilden, Germany), 0.625 pL of primer forward and reverse,
and 4 uL of distilled water. Single PCR reaction was also performed on the Thermo Cycler previously described
and its conditions followed: activation for 5 min at 95 °C, followed by 30 cycles of 30 sec at 95 °C, 90 sec at
57°C, and 30 sec at 72 °C, and a final extension of 30 min at 60 °C. All PCR reactions, Single and Multiplex,

included one negative and one positive control. DNA samples 1-D1 and 4-A2 were used as a positive control.

Fragment Analysis

Capillary Electrophoresis was carried out in a 3500 Genetic Analyzer (Thermo Fisher Scientific Inc.,
Massachusetts, EUA), used for fragment separation and detection. For both single and multiplex PCR
reactions an aliquot of 1ulL of PCR multiplex product was added to 9.6plL Hi-Di Formamide® and 0.4l LIZ®
600 Size Standard (Thermo Fisher Scientific Inc., Massachusetts, EUA), totalizing 11uL of reaction. Then, the
samples were denatured at 95°C for 3 minutes followed by 3 min in -20°C and loaded on the 3500 Genetic
Analyzer. The conditions utilized for both Panels 2015 and Panel 2017 followed as described on Houston et
al. [26]: oven at 60°C; pre-run 15kV, 180 sec; injection 1.5kV for 8 sec; run 19.5kV, 1330 sec; capillary length
36¢m; polymer POP -4"™; and dye set G5.

Genotyping was performed using Gene Mapper Id-X software (Thermo Fisher Scientific Inc.,
Massachusetts, EUA) v. 1.4. A threshold of 150 relative fluorescence units (RFUs) was set [26] and a bin set,
kindly provided by Dr. Giantano, was used to aid genotyping. Allele nomenclature used for allele calls was
developed by Houston et al. [15, 26], following forensic and nomenclature guidelines [30, 31]. Budowle et al.
[32] recommended for DNA mixture samples a within-laboratory standard protocol to correctly assignment
of peaks. In order to maintain the reliability of peak assignments, Fett et al. [27], used forensic guidelines to

developed and implement a laboratory protocol for cannabis’ mixture, which was used when necessary.

Allele 5 of the locus 4910 sequence

An off-bin peak between the allele 4 and 10 was observed in 50 of all evaluated samples. In order to
verify the existence of a new, previously unreported allele, a single PCR reaction for three homozygous
samples was performed followed by a Sanger sequencing procedure. For PCR amplification, cycling
sequencing, and sequencing the same instruments described above were used. BigDye® Terminator
Sequencing Kit (Thermo Fisher Scientific Inc., Massachusetts, EUA) was used according to manufacturer
protocol. Run conditions as follows: oven temperature at 55°C; pre-run 15kV, 180 sec; injection 1.2kV for 12

sec; run 15kV, 1700 sec; capillary length 30cm; polymer POP -4'™; and dye set G5.
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The software SeqScape v 3.0 (Thermo Fisher Scientific Inc., Massachusetts, EUA) was used to perform
data analysis. Allele 5 of the locus 4910 sequence data was submitted to the GeneBank database under

accession number MK084769.

Statistical Analysis

In order to determine genetic parameters and evaluate STR markers efficiency for forensic purposes,
GenAlEx v.6.503 software [33] and the STRAF online tool [34] were used. Total number of alleles (A), effective
number of alleles (Ag), observed heterozygosity (Ho) and expected heterozygosity (He) and polymorphic
information content (PIC) were calculated for each locus considering all samples as a single population and
for each seizure group separately. Additionally, power of exclusion (PE) and probability matching (PM) were
calculated for each locus per Panel, while the combined power of exclusion (CPE), combined probability

matching (CPM) and power of discrimination (PD) were estimated for all locus on each panel [35, 36].

Principal Coordinate Analysis (PCoA) based on individual pairwise codominant genotypic distance
was performed for both panels, as well for all markers collectively. In addition, a PCoA based on pairwise
population Fsr was also performed. Furthermore, Analysis of Molecular Variance (AMOVA) with 10,000
permutations was performed to access the amount of genetic variability observed among and within groups.
A Region category was created, willing to assess differences between all major seizure regions (Region
Northeastern covered N15+N17+N18; Foreign included PF+EUA; Southern comprised APR15+APR17). The
APR18 seizure group was removed from AMOVA analysis due to being comprised of a single sample. In

addition, Hardy-Weinberg equilibrium was estimated for all alleles.

In order to evaluate efficiency and effectiveness in identifying and discriminating samples, according
to the region of the seizures, results obtained for Panel 2015 and Panel 2017 were compared. Later, to

measure the gain in power of discrimination, all 19 markers were evaluated collectively.

Concordance study

More than two-thirds of samples (72) were processed using the Panel 2015 [27]. The genotyping
results for the seven microsatellites (D02 CANN1, C11 CANN1, ANUCS 305, BO5 CANN1, HO6 CANN2, ANUCS

501, and CS1) that overlapped with the Panel 2017 were recorded and compared.
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Genetic structure

Broadly, genetic structure can be defined as any pattern(s) that explains genetic diversity and
distribution observed within and among a set of populations [37]. Structure v2.3.4 software was used to
assess the occurrence of genetic structure among all seven seizure groups with five independent runs for
each K value, ranging from 2 to 5. Using an Admixture Model and allele frequencies correlated, a 100,000
length Burn-In Period followed by 100,000 steps Monte Carlo Morkov Chain (MCMC) procedure was applied.
To estimate the best K value fitting the data, the obtained results in the analysis of the genetic structure of
populations were processed through CLUMPAK SERVER online tool [38]. In order to obtain a more accurate

appraise of genetic diversity and structure occurrence, genotypes of all 19 loci collectively were used.

RESULTS AND DISCUSSION

STR Multiplex Amplification

Regarding Panel 2017, all parameters and conditions, despite the change of polymer POP-7'™ to POP-
4™ described by Houston et al [26] were replicated in this study. All 94 samples and positive controls
analyzed showed a full DNA profile with no locus dropout (Supplementary 1). However, in Panel 2015, 24
samples suffered locus dropout at ANUCS 301, ANUCS 308, BO1 CANN1, HO9 CANN2, ANUCS 302, and EO7
CANNL1 loci. A similar occurrence was already observed for the other 72 samples on Fett et al. [27] and for
USA’s cannabis on Houston et al. [15]. The locus dropout missing data was obtained with a Single PCR reaction

described in “Materials and Methods”, resulting in full genotypes for all samples.

For all samples, the STR profile of the seven markers overlapped in both panels (D02 CANN1, C11
CANN1, ANUCS 305, BO5 CANN1, HO6 CANN2, ANUCS 501, and CS1) were obtained. Profiles were compared
to evaluate concordance between multiplex systems, and a full concordance of STR genotypes was observed

for all 94 samples and positive controls.

Allele 5 for 4910 marker

When analyzing the samples from Northeastern Brazil, an off-bin peak was observed between the
alleles 4 and 10 in 28 samples. The length of the peak, considered in base pairs, was compatible with a
previously unobserved allele of five repeats of the motif. Considering this a possible new allele not previously

described, a single PCR followed by sequencing was performed for three homozygous samples.

The sequencing results confirmed an occurrence of five tandem repeats of the motif, corroborating

with the hypothesis of a new allele. From the Brazilian Northeast, 28 samples (~54%), being 13 homozygous,
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showed the presence of this new allele. From Southern Brazil seizures, 8 samples (~72%) demonstrated the
same peak. In total, 36 samples exhibited the presence of this undescribed allele 5, indicating a possible
private allele for Southern America samples. This new allele was reported and can be accessed under the

GenBank Accession code: MK084769.1

Forensic Parameters

Considering Panel 2015 and Panel 2017 individually, allele frequencies were calculated for all data
set and used to compute the main forensic parameters (Table 3). To reach the most informative locus we
analyzed the mean number of alleles, the effective number of alleles, polymorphic content index, power of
exclusion, and power of discrimination. The three most informative locus were CS1, 308, and HO9 in Panel
2015 and CS1, 3735, and 9043 in Panel 2017. Similar results were observed by Hsieh et al.[39], Valverde et
al.[40], Houston et al.[15, 26], and Fett et al.[27]. It is important to mention that for Houston et al. [26] the
5159 marker was the second most informative locus, which was not observed in our sample, likely due to a

high prevalence of allele 6 in the Brazilian seizures (Supplementary 2).

In five samples seized in Northeastern Brazil, one to four alleles of equal peak height were observed
for locus CS1. DNA of both samples was extracted directly from leaf material, excluding mixture
contamination. This locus was previously described as polyallelic and could be explicated by region
duplication or polyploidy [21, 41, 42]. These events are common in vegetal species and may cause none or
minimal phenotype/function interference [43]. For those samples, an internal laboratory protocol was

followed to determinate the genotype [27].

The p-value for Hardy-Weinberg equilibrium was significant to eleven loci in Panel 2015 and to ten
loci in Panel 2017. Likely, observed substructure caused by population stratification is the major contributor

to this disequilibrium.

The results obtained on the AMOVA (Table 4) demonstrate that, for Panel 2015, 28% of total variance
in the dataset is due to Among-Region differences and only 61% due to within-individual differences. For
Panel 2017, only 22% of total differentiation is due to Among-Region differences and 67% due to within-

individual differences.

Considering only three major groups, Northeastern = N15+N17+N18; PF; and Southern =
APR15+APR17+APR18, the Panel 2015 was able to correctly classify 99% of the samples’ origins, while Panel
2017 accuracy was only 96% (Table 5). Further, for all parameters (i.e. Power of Discrimination combined;
Power of Exclusion combined; and the Probability of Identity) Panel 2015 performed slightly better than
Panel 2017 (Table 6).
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The Principal Coordinate Analysis (PCoA) of Panel 2015 visually distinguishes the seizure groups
based on their geographical origin (Figure 1). The principal component values Coord.1 and Coord.2 expressed
~36% and ~11%, respectively, of the explained genetic variance (PCoA of Panel 2017 can be consulted in

Supplementary 3).

Northeastern Brazil samples even though seized in three different years (N15, N17, and N18), clearly
formed a group together (exception of sample 2.3 from N17). Cannabis apprehended by law enforcement in
Rio Grande do Sul in three different years (APR15, APR17, and APR18), also formed a separate group. Police
investigation and academic studies suggest that the illicit drug markets of Rio Grande do Sul and Southern
Brazil region are supplied by Paraguay [44, 45], probably due to the region proximity and extensive borders
across both countries. The apprehensions did by BFP in postal facilities (PF) formed a long and scattered
group along the y-axis. BFB reports suggest that the seeds came from Europe, as European websites are
commonly used for seeds acquisition and all brands identified in the labels could be found in those sites.
Precise origin location could not be determined, which could explain the high dispersion of the group. Fett

et al. [27] found similar results when analyzing 72 samples of the same dataset.

Overall, Panel 2015 proposed by Houston et al. [15] is more efficient and effective in identification
and region discrimination of Brazilian cannabis samples. This result is somehow unexpected since Panel 2017
was supposed to present enhancements when compared to Panel 2015 [26]. Considering our data set, the
random match probability (chance of two unrelated samples have the same genotype) is in one in 65 billion,
for Panel 2015, and one in 430 million, for Panel 2017 (Table 6). The reduction of effectiveness and efficiency
not expected for Panel 2017 could be explained by low heterozygosity presented by Brazilian samples in the
new seven proposed loci (Table 3). It is important to mention that, despite the better performance of Panel
2015, Panel 2017 is efficient in individualizing and discriminating Brazilian samples as well (Supplementary
4). To date, a few STR markers for cannabis were published and none national or international database was
constructed. Thus, it is necessary to evaluate and select a group of markers that best suits the analyzed
dataset; due to population heterozygosity, different markers can be useful for one scenario and not for

others.

In order to obtain the genotypes for all 19 markers, the profiles of Panel 2015 and Panel 2017 were
analyzed together. Considering all 19 loci, private alleles were observed for 11 loci (Table 7). The new allele
5in locus 4910 was present in Northeastern (N15, N17, N18) and Southern apprehensions (APR15, APR17,
APR18) samples. As mentioned, the absence of this allele in PF and positive control samples suggests that it
could be a private allele for South America samples. PF group presented the largest number of private alleles,

possibly due to its distinct European origin and possible cannabis varieties or cultivar selection.

When analyzing results for all 19 markers collectively, an increase in Power of Exclusion combined

and in Probability of Identity can be observed, however, no significant increment was observed in the Power
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of Discrimination combined (Table 6). The low gain in information of all STR loci collectively could, also, be

explained by the low heterozygosity of some markers in the Brazilian samples (Table 3).

The results of the analysis of the genetic structure of populations for all groups seem to suggest a
significant genetic variance according to the major geographic region of the seizure (Northeastern, Southern,
and Foreign samples) (Figure 2). A diverse number of layers comprising general genetic structure can be
visualized through alternative K values selection. Utilizing Evanno’s method [46] the ideal number of clusters
for our dataset was estimated as K = 3. The genetic difference between Brazilian and non-Brazilian samples
could be observed with two clusters (K = 2), although at optimum K (K = 3) genetic structure seems to be
associated with the major region origin of the seizures. At K = 4, some of the genetic diversity present in the
PF group might be associated with North America's genetic inheritance. This association needs to be treated
carefully since the North America group comprises only two samples. In addition, some level of genetic

diversity was observed among Northeastern (N15, N17, N18) samples (K = 5).

CONCLUSION

The STR multiplex systems (Panel 2015 and Panel 2017) accomplished the aim of individualization
and origin discrimination of all 94 Brazilian seized Cannabis sativa samples evaluated in this study. Despite
the enhancements in Panel 2017 [15], for our dataset, the Panel 2015 demonstrated high efficiency and
effectiveness regarding identification and origin discrimination of Brazilian cannabis samples. Corroborating
with Fett et al. [27], Panel 2015 exhibits confident results and may be used as an intelligence tool for the
Brazilian police to track drug pathways and establish a link between different crime cases. The analysis of 19
markers collectively showed better results than Panel 2015. The gain in information power due to increased
informative loci number is expected; however, the effort and cost in analyzing two 13-loci STR multiplex to

obtain 19 informative loci must be considered and we consider not advantageable.

To date, little is known about cannabis STR markers and its characteristics (e.g. populational
heterozygosity, genome location). This results in issues as non-informative locus, depending on the
population, or polyallelic locus due to genomic duplication. A new microsatellite multiplex system comprising
the most informative loci for Brazilian Cannabis sativa samples would be ideal for forensic and law
enforcement purposes. In addition, regarding international drug traffic and commercialization of legal
cannabis, the creation of a collaborative, international database with reliable and efficient markers for all

cannabis individuals would be ideal.
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TABLES AND FIGURES

Table 1 Characteristics of all 19 STR markers and their disposal in Panel 2015 and Panel 2017 based on

Houston et al., 2015/2017.

26,27, 28, 29, 30, 31

Final Primer

Marker Dye Motif Type of Repeat Observed Alleles Concentration
(LM)
D02 FAM (GTT) Simple 6,7,8 0.04
Cl1 FAM (TGAK(TGG)y Compound 13,14, 15, 18, 21 0.05

. 11,12,16,17,18, 19, 20, 21,
HO9 FAM (GA) Simple 52,23, 24 0.08
BO1 FAM (GAA)(A)(GAA), Compound 10,12, 13, 14,15 0.09
EO7  VIC (ACT) Simple 7,8,9 0.30
= 305 VIC (TGG) Simple 4,8,9 0.08
I 308 VIC (TA) Simple 3,5,6,7,8,9,10,11,12,13 0.13
E’ BO5 VIC (TTG) Simple 7,8,9,10 0.03
& HO6 VIC (ACG) Simple 7,8,9 0.07
302 PET (ACA)(ACA),(ACA), Compound 4,22,29, 31, 33, 35, 36, 37 0.08
301 PET (TTA) Simple 15,16, 17,19, 20, 21, 22, 23, 0.30
24,25
501 NED (TTGTG) Simple 4,5,6 0.10
. 10,11, 12, 14,17, 21, 23, 24,

CSs1 NED (CACCAT) Simple 25, 26, 27, 28, 29, 30, 31 0.14
501 FAM (TTGTG) Simple 4,5,6 0.10
9269 FAM (ATAA) Simple 5.3,6 0.10
4910 FAM (AAGA)(TAGA),(AAAA), Compound 4,5,10, 15 0.20
5159 FAM (AGAT) Simple 3,4,4.2,6,7,10 0.30
305 VIC (TGG) Simple 4,8,9 0.10
~ 9043 VIC (TCTT)«(CCTT),(TCTT), Compound 3,5,6,7 0.15
§ BO5 VIC (TTG) Simple 7,8,9,10 0.15
< 1528 VIC (ATTA) Simple 6,7 0.30
E D02  PET (GTT) Simple 6,7,8 0.15
Cc11 PET (TGAK(TGG), Compound 11,12, 16521'75;18529’ 20, 21, 0.15
HO6 PET (ACG) Simple 7,8,9 0.10
3735 NED (TATG) Simple 3,4,5,6,7 0.25
CSs1 NED (CACCAT) Simple 11,12,14,17, 21, 23, 24, 25, 0.15
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Table 2 Parameters of Forensic interest of Panel 2015 and Panel 2017 in all Cannabis sativa (n=96) seizured in Brazil

301 302 308 BO1 EQ7 HO9 305 501 BO5 Cl1 CS1 D02 HO6 1528 3735 4910 5159 9043 9269
A 4 3 3 3 2 4 2 2 3 2 6 2 2
Ae 1.661 1.806 2.250 1.657 1.531 2.474 1.568 1.230 2.079 1.426 4.113 1.804 1.383
Ho 0.361 0.589 0.194 0.287 0.397 0.604 0.450 0.151 0.684 0.215 0.853 0.527 0.262
g He 0.341 0.426 0.479 0.357 0.290 0.571 0.317 0.145 0.498 0.238 0.724 0.436 0.209
% PIC 0.661 0.720 0.765 0.587 0.385 0.723 0.325 0.221 0.480 0.399 0.881 0.440 0.392
I
a
PE 0.154 0.216 0.052 0.056 0.056 0.197 0.105 0.024 0.248 0.056 0.528 0.124 0.064
PD 0.840 0.855 0.862 0.743 0.604 0.884 0.558 0.372 0.729 0.599 0.964 0.702 0.610
pHW 0.000 0.000 0.000 0.000 0.000 0.000 0.108 0.004 0.262 0.000 0.000 0.000 0.000
A 2 2 3 2 6 2 2 1 3 3 3 3 2
Ae 1.568 1.230 2.079 1.426 4.113 1.804 1.383 1.135 2.207 1.911 1.559 1.987 1.270
- Ho 0.450 0.151 0.684 0.215 0.853 0.527 0.262 0.082 0.437 0.582 0.341 0.511 0.095
—
% He 0.317 0.145 0.498 0.238 0.724 0.436 0.209 0.091 0.448 0.468 0.264 0.447 0.180
§ PIC 0.325 0.221 0.480 0.399 0.881 0.440 0.392 0.118 0.692 0.542 0.290 0.565 0.375
PE 0.105 0.024 0.248 0.056 0.528 0.124 0.064 0.002 0.206 0.138 0.056 0.206 0.003
PD 0.558 0.372 0.729 0.599 0.964 0.702 0.610 0.174 0.864 0.783 0.499 0.799 0.556
pHW 0.108 0.002 0.262 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.063 0.005 0.000

A =mean number of alleles; Ae = mean effective number of alleles; Ho = mean observed heterozygosity; He = mean expected heterozygosity; PIC = polymorphic content index; PE = power of exclusion; PD = power of
discrimination; pHW = p-value for Hardy-Weinberg Equilibrium

35



Table 3 AMOVA of Panel 2015 and Panel 2017 for all dataset

Source Df SS MS Est. Var. %
Among Regions 3  148.694 49.565 1.194 28%
g Among Pops 3 17.012 5.671 0.091 2%
% Among Indiv 88 294.552 3.347 0.371 9%
& Within Indiv 95 247.500 2.605 2.605 61%
Total 189 707.758 4.261 100%
N Among Regions 3 109.532 36.511 0.794 22%
8 Among Pops 3 22543 7.514 0.184 5%
% Among Indiv 88 248.061 2.819 0.217 6%
Within Indiv 95 226.500 2.384 2.384 67%
Total 189 606.637 3.580 100%

*P(rand > data) =0.001 **P(rand >data) = 0.003

Df = Degrees of freedom; SS = Sum-of-Squares; MS = Mean of Squares; % =

Percentage of variance explained

%k
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Table 4 Classification of samples per major group and percentage of correctly assignement for Panel 2015

and Panel 2017

! Panel 2015
i Northeastern PF
ere—T T
PF i 31
Southern I
Percent Accurancy ! 99%

Southern

11

Northeastern

49

Panel 2017
PF Southern
uinnnnnnuuaj"""“_
31
10
96%

Northeastern = N15+N17+N18; PF = Cannabis samples cultivated from foreign seeds seized by Brazilian

postal services; Southern = APR15+APR17+APR18
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Table 5 Power of Discrimination combined (PDcomb), Power of Exclusion combined

(PEcomb), Probability of Identity (Pl) of Panel 2015, Panel 2017, and 19 Markers combined
for all Brazilian Cannabis sativa samples

PDcomb PEcomb PI*
Panel 2015 9.999999993E-01 0.892 6.50E-10
Panel 2017 9.9999996E-01 0.878 4.30E-08
19 Markers 9.999999999995E-01 0.968 4.60E-13

*Considering all frequencies in all dataset
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Table 6 List of private allele observed per group of

samples for all markers

Seizure Group Locus Allele Freq
N15 308 6 0.021
N15 HO9 22 0.042
N15 HO9 23 0.021
N17 302 35 0.083
N18 BO1 12 0.156
N18 C11 18 0.031
N15+N17 5159 7 0.031
N17 +N18 301 23 0.067
Northeastern Brazil 301 19 0.031
Northeastern Brazil CS1 25 0.101
Northeastern Brazil Cs1 26 0.313
Northeastern Brazil HO9 12 0.031
PF 308 3 0.048
PF 308 11 0.032
PF 4910 15 0.032
PF 5159 10 0.032
PF 9043 7 0.016
PF 301 24 0.065
PF 301 25 0.016
PF 302 22 0.016
PF 302 29 0.048
PF 305 9 0.032
PF CS1 21 0.113
PF CS1 30 0.016
PF CS1 31 0.016
PF HO9 16 0.387
PF HO9 24 0.032
APR15 + APR17 CS1 11 0.300
APR17 +APR18 HO9 17 0.350
EUA 302 4 0.500
EUA 302 37 0.250
EUA Cc11 21 0.250
EUA Cs1 10 0.250
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Principal Coordinates (PCoA) of Panel 2015
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Figure 1 Principal Coordinate Analysis (PCoA) of Panel 2015 based on genetic distance of all dataset (n=96). Percentage of variation explained by the axes expressed
inside the parenthesis. N15 = Cannabis sp. samples seized at Northeastern Brazil in 2015; N17 = Cannabis sp. samples seized at Northeastern Brazil in 2017; N18 =
Cannabis sp. samples seized at Northeastern Brazil in 2018; PF = Cannabis sp. seeds apprehended in postal office and cultivated by law enforcements; APR15 = Official

drug seizures from Rio Grande do Sul in 2015; APR17 = Official drug seizures from Rio Grande do Sul in 2017; APR18 = Official drug seizures from Rio Grande do Sul in
2018; EUA = Cannabis sativa samples seized in USA used as positive control.
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Figure 2 Genetic structure of all samples analysed based on 19 STR loci. Each row represents the increasing number of clusters (K). Vertical lines correspond to a
different individual, with each color representing relative proportion of association with each infe each inferred cluster, assigned by distinct colors. Groups
abbreviations are described in “Materials and Methods”. *Ideal number of clusters according to Evanno’s method [52].
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Supplementary 1 Electropherogram of Panel 2017 of sample 117. At 4910 locus is possible to visualize the

new allele 5 described.
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Locus Allele N15 N17 N18 PF APR15 APR17 APR18 EUA
6 0.292 0.542 0.813 0.806 0.600 0.600 0.500 0.500

D02 7 0.000 0.000 0.000 0.194 0.000 0.000 0.000 0.500
8 0.708 0.458 0.188 0.000 0.400 0.400 0.500 0.000

13 0.125 0.000 0.063 0.145 0.000 0.000 0.000 0.000

14 0.854 0.917 0.813 0.403 1.000 0.900 1.000 0.750

c 15 0.021 0.083 0.094 0.452 0.000 0.100 0.000 0.000
18 0.000 0.000 0.031 0.000 0.000 0.000 0.000 0.000

21 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.250

7 0.000 0.083 0.094 0.597 0.000 0.000 0.000 0.500

Ho6 8 0.958 0.875 0.813 0.290 1.000 1.000 1.000 0.500
9 0.042 0.042 0.094 0.113 0.000 0.000 0.000 0.000

11 0.000 0.042 0.000 0.097 0.000 0.000 0.000 0.250

12 0.021 0.042 0.031 0.000 0.000 0.000 0.000 0.000

16 0.000 0.000 0.000 0.387 0.000 0.000 0.000 0.000

17 0.000 0.000 0.000 0.000 0.000 0.200 0.500 0.000

18 0.021 0.167 0.219 0.306 0.400 0.200 0.000 0.750

HO9 19 0.583 0.542 0.594 0.145 0.600 0.500 0.000 0.000
20 0.229 0.167 0.031 0.016 0.000 0.100 0.500 0.000

21 0.083 0.042 0.125 0.016 0.000 0.000 0.000 0.000

22 0.042 0.000 0.000 0.000 0.000 0.000 0.000 0.000

23 0.021 0.000 0.000 0.000 0.000 0.000 0.000 0.000

24 0.000 0.000 0.000 0.032 0.000 0.000 0.000 0.000

10 0.875 0.708 0.625 0.000 0.000 0.200 0.000 0.000

12 0.000 0.000 0.156 0.000 0.000 0.000 0.000 0.000

BO1 13 0.042 0.000 0.219 0.242 0.200 0.200 0.000 0.250
14 0.063 0.208 0.000 0.742 0.800 0.600 1.000 0.750

15 0.021 0.083 0.000 0.016 0.000 0.000 0.000 0.000

7 0.063 0.000 0.031 0.065 0.000 0.200 0.500 0.000

EO07 8 0.000 0.167 0.000 0.387 0.500 0.800 0.500 1.000
9 0.938 0.833 0.969 0.548 0.500 0.000 0.000 0.000

4 0.979 0.833 0.781 0.565 0.600 0.500 1.000 0.250
ANUCS305 8 0.021 0.167 0.219 0.403 0.400 0.500 0.000 0.750
9 0.000 0.000 0.000 0.032 0.000 0.000 0.000 0.000

3 0.000 0.000 0.000 0.048 0.000 0.000 0.000 0.000

5 0.000 0.000 0.000 0.387 0.200 0.000 0.000 0.500

6 0.021 0.000 0.000 0.000 0.000 0.000 0.000 0.000

7 0.271 0.125 0.000 0.226 0.000 0.000 0.000 0.000

308 8 0.500 0.417 0.594 0.016 0.000 0.200 1.000 0.000
9 0.208 0.417 0.344 0.000 0.800 0.700 0.000 0.500

10 0.000 0.000 0.000 0.032 0.000 0.100 0.000 0.000

11 0.000 0.000 0.000 0.032 0.000 0.000 0.000 0.000

12 0.000 0.042 0.000 0.081 0.000 0.000 0.000 0.000

13 0.000 0.000 0.063 0.177 0.000 0.000 0.000 0.000

7 0.354 0.208 0.281 0.000 0.200 0.400 0.500 0.000

BOS 8 0.646 0.583 0.531 0.758 0.800 0.600 0.500 0.250
9 0.000 0.125 0.063 0.177 0.000 0.000 0.000 0.500

10 0.000 0.083 0.125 0.065 0.000 0.000 0.000 0.250

4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.500

22 0.000 0.000 0.000 0.016 0.000 0.000 0.000 0.000

29 0.000 0.000 0.000 0.048 0.000 0.000 0.000 0.000

ANUCS 302 31 0.292 0.167 0.031 0.113 0.500 0.500 0.500 0.250
33 0.708 0.708 0.875 0.210 0.200 0.200 0.000 0.000

35 0.000 0.083 0.000 0.000 0.000 0.000 0.000 0.000

36 0.000 0.042 0.094 0.613 0.300 0.300 0.500 0.000

37 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.250

15 0.000 0.000 0.000 0.613 0.900 0.900 1.000 0.250

16 0.000 0.042 0.000 0.016 0.000 0.000 0.000 0.750

17 0.125 0.250 0.094 0.161 0.000 0.100 0.000 0.000

19 0.021 0.042 0.031 0.000 0.000 0.000 0.000 0.000

ANUCS 301 20 0.792 0.583 0.719 0.097 0.000 0.000 0.000 0.000
21 0.042 0.042 0.063 0.000 0.100 0.000 0.000 0.000

22 0.021 0.000 0.000 0.032 0.000 0.000 0.000 0.000

23 0.000 0.042 0.094 0.000 0.000 0.000 0.000 0.000

24 0.000 0.000 0.000 0.065 0.000 0.000 0.000 0.000

25 0.000 0.000 0.000 0.016 0.000 0.000 0.000 0.000

4 1.000 0.917 0.906 0.694 1.000 1.000 1.000 0.750
ANUCSS01 5 0.000 0.083 0.094 0.081 0.000 0.000 0.000 0.000
6 0.000 0.000 0.000 0.226 0.000 0.000 0.000 0.250

9269 53 0.938 0.708 0.750 0.016 0.100 0.200 1.000 0.000
6 0.063 0.292 0.250 0.984 0.900 0.800 0.000 1.000

4 0.292 0.583 0.781 0.597 0.500 0.700 0.000 0.250

2910 5 0.646 0.167 0.219 0.000 0.500 0.200 0.500 0.000
10 0.063 0.250 0.000 0.371 0.000 0.100 0.500 0.750

15 0.000 0.000 0.000 0.032 0.000 0.000 0.000 0.000

3 0.000 0.042 0.000 0.000 0.000 0.200 0.000 0.000

4 0.000 0.042 0.000 0.016 0.000 0.000 0.000 0.250

5159 4.2 0.021 0.042 0.031 0.306 0.000 0.200 0.000 0.250
6 0.958 0.833 0.969 0.645 1.000 0.600 1.000 0.500

7 0.021 0.042 0.000 0.000 0.000 0.000 0.000 0.000

10 0.000 0.000 0.000 0.032 0.000 0.000 0.000 0.000

3 0.292 0.625 0.281 0.581 0.400 0.200 0.000 0.000

9043 5 0.708 0.333 0.438 0.065 0.600 0.500 1.000 0.250
6 0.000 0.042 0.281 0.339 0.000 0.300 0.000 0.750

7 0.000 0.000 0.000 0.016 0.000 0.000 0.000 0.000

1528 6 0.000 0.000 0.031 0.177 0.000 0.000 0.000 0.250
7 1.000 1.000 0.969 0.823 1.000 1.000 1.000 0.750

3 0.000 0.042 0.000 0.371 0.000 0.000 0.000 0.000

4 0.313 0.458 0.188 0.065 0.000 0.000 0.000 0.250

3735 5 0.083 0.000 0.063 0.194 0.000 0.400 0.000 0.000
6 0.604 0.458 0.531 0.113 1.000 0.600 1.000 0.250

7 0.000 0.042 0.219 0.258 0.000 0.000 0.000 0.500

10 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.250

11 0.000 0.000 0.000 0.000 0.400 0.200 0.000 0.000

12 0.021 0.000 0.125 0.048 0.400 0.500 0.500 0.000

14 0.000 0.000 0.000 0.048 0.000 0.000 0.000 0.000

17 0.063 0.083 0.188 0.258 0.200 0.200 0.500 0.250

21 0.000 0.000 0.000 0.113 0.000 0.000 0.000 0.000

23 0.042 0.000 0.031 0.274 0.000 0.000 0.000 0.250

cs1 24 0.188 0.125 0.125 0.032 0.000 0.100 0.000 0.000
25 0.104 0.167 0.031 0.000 0.000 0.000 0.000 0.000

26 0.292 0.333 0.313 0.000 0.000 0.000 0.000 0.000

27 0.146 0.208 0.000 0.129 0.000 0.000 0.000 0.000

28 0.146 0.000 0.063 0.000 0.000 0.000 0.000 0.250

29 0.000 0.083 0.125 0.065 0.000 0.000 0.000 0.000

30 0.000 0.000 0.000 0.016 0.000 0.000 0.000 0.000

31 0.000 0.000 0.000 0.016 0.000 0.000 0.000 0.000

Supplementary 2 Allele frequencies for all loci per population.
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Prinigal Coordinatins (PCoA) of Panel 2017
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Supplementary 3 Principal Coordinate Analysis (PCoA) of Panel 2017 based on genetic distance of all dataset (n=96). Percentage of variation explained by the axes
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expressed inside the parenthesis. N15 = Cannabis sp. samples seized at Northeastern Brazil in 2015; N17 = Cannabis sp. samples seized at Northeastern Brazil in 2017,
N18 = Cannabis sp. samples seized at Northeastern Brazil in 2018; PF = Cannabis sp. seeds apprehended in postal office and cultivated by law enforcements; APR15 =

Official drug seizures from Rio Grande do Sul in 2015; APR17 = Official drug seizures from Rio Grande do Sul in 2017; APR18 = Official drug seizures from Rio Grande

do Sul in 2018; EUA = Cannabis sativa samples seized in USA used as positive control.
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Pringipal Cosrdinabe [PCo) of 19 Marker
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Supplementary 4 Principal Coordinate Analysis (PCoA) of all19 Markers based on genetic distance of all dataset (n=96). Percentage of variation explained by the axes
expressed inside the parenthesis. N15 = Cannabis sp. samples seized at Northeastern Brazil in 2015; N17 = Cannabis sp. samples seized at Northeastern Brazil in 2017;
N18 = Cannabis sp. samples seized at Northeastern Brazil in 2018; PF = Cannabis sp. seeds apprehended in postal office and cultivated by law enforcements; APR15 =

Official drug seizures from Rio Grande do Sul in 2015; APR17 = Official drug seizures from Rio Grande do Sul in 2017; APR18 = Official drug seizures from Rio Grande
do Sul in 2018; EUA = Cannabis sativa samples seized in USA used as positive control.
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Principal Coordinates [PCod)
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Supplementary 5 Principal Coordinate Analysis (PCoA) of the three STR systems (all 19 Markers, Panel 2017, and Panel 2015) for all samples. The analysis was based

on genetic distance between the populations expressed on Fsr.
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CONSIDERAGOES FINAIS

O ainda crescente consumo de Cannabis sativa no continente americano traz consigo um atuante
mercado ilicito de drogas. Estratégias forenses nos mais variados campos de estudo vém sendo propostas a
fim de auxiliar a inteligéncia policial a repreensao do trafico. No ambito da biologia celular e molecular, o uso
de marcadores microssatélites (short tandem repeats; STR) ganham destaque devido a sua heterozigosidade
e alto polimorfismo entre e dentre os individuos e as populacdes. Nos ultimos dez anos, diversos estudos
propuseram conjuntos de STRs capazes de individualizar e rastrear geograficamente amostras de maconha.

Os resultados obtidos pelo nosso trabalho permitiram a visualizagdo da eficdcia de dois sistemas de
13-loci STR recentemente divulgados na comunidade cientifica. Em comparagcdo ao Painel 2015, o painel
proposto em 2017 retirou seis marcadores, dado que haviam sido considerados de pior desempenho, e
incluiu seis novos loci STR, ja anteriormente testados. Contudo, nosso estudo concluiu que os valores de
heterozigosidade dos novos marcadores foram baixos nas amostras brasileiras de Cannabis sativa; sendo a
eficiéncia do Painel 2017 com 13-loci STR menor em relagao a do Painel 2015, verificada pela diminui¢cdo do
poder de discriminagdo e do poder de identificagdo da origem biogeografica. Em concordancia com o estudo
prévio de nosso grupo, o Painel 2015, de fato, fornece informag&es concisas e suficientes para identificacdo
de amostra e para rastreabilidade segundo a origem de Cannabis sp. traficada em territério nacional.

A anadlise dos 19 marcadores STR juntos apresentou um ganho na discriminagdo individual de cada
amostra, bem como na diferenciacdo da sua origem, como era esperado dado um aumento no nimero de
marcadores. A eficiéncia demonstrada por apenas um dos sistemas pode ser suficiente para a caracterizagdo
de amostra quando a possibilidade de investimento financeiro e de recursos humanos, para andlise dos dois
painéis de 13-loci STR, for limitada.

Um sistema com marcadores de Cannabis sp. configura uma ferramenta Util para investigacdo
forense, e o presente trabalho mostrou o quao informativo e especifico ele pode ser para amostras traficadas

no territério brasileiro, passando, finalmente, a viabilizar a utilizacdo deste recurso as unidades policiais.
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