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What we can do with this task

Example data (same participant, data from 4 runs)

Metwork representation

« Node size: degres centrality
+ Node color: valence rating
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“In the activity of association, there is mirrored the
whole psychical essence of the past and of the
present with all their experiences and desires. It thus
becomes an index of all the psychical processes which
we have but to decipher in order to understand the

complete man”
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= 117 police trainees

- Homicide case summary
— Weakly implicated suspect

= Evidence type:
— DNA
— Photo
- Witness

= Evidence valence:
— Incriminating
Exonerating

= Evidence reliability rating
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Oct. 20(Wed) - 22(Fri), 2021 Vo

Seoul National Univ. (Siheung campus), Korea | i 4
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- »
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olo 2 ZI=E St Zstg|(International Conference of the Genetics Society of
|_

Korea, ICGSK)01| 2+7 fﬁﬁ%'—l Ct O]t &t3|= 'Genetics and Beyond: When, Where,
DNA Z+Alol &2 EHO{M 2/ qXsk(Epigenetics)2 O8¢5t
Ay =24, |')\1IEH 7| MEE2XM7|(Massively Parallel Sequencing, MPS)E 0| &3t
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Park (Supreme Prosecutors” Office) Hwan Young Lee (Seoul National Univ.)
hee Cho (Seoul National Univ.) Sae Rom Hong (Yonsei Univ.)
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1) DNA & 2tE O
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DNAS O| 8ot Efel, Al el o
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> DNA O|Z=l DNA F7|ME0| HEZ7[(CHIE F7Ie FHAr 2ls 28sts detety 7[R,
S

O
80| ter HatolH, 24HE 2 (Y, M Pek

2) DNA OZ3tS 0|82 40| £ A|AH AL
- EfoHOo| DNAE 0|85t0 M #Hx(Mean Absolute Deviation, MAD) 6.242]

Novel DNA methylation signatures of tobacco recommendations
smoking with trans-ethnic effects

Publishedt 16 February 2021 DNA methylation aging clocks: challenges and

enome Biology 20, Article number: 249 (2019) | Cite this article

37k Accesses | 136 Citations | 157 Altmet

=h ey | L

13 3. $4RU8 (Epigenetics)2 0|2 CHE A1 ARZOIC} T2 DNAC
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1) XIM|CHE 7| M LY EA7|(Massively Parallel Sequencing, MPS)
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Human-Genetic Ancestry Inference and False
Positives in Forensic Familial Searching i1 e | EAD | HA

Msa Lyn Fertor, Jaahos Kin, sne Meah A Asiem barg ' '
R T r——
RN - OO0 5964540 S, F 1 COODODNESA 2 200 4 €3 0000000- 1198644 A € ) r
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THCAS
WPK_1
YPK_2
YPK_D
YPK_3
WPK_4
YPK_S
YPK_B
WPK_T
WPK_8

CEDAS

WFN_T
WFN_2
WFN_3
WFN_4
WFN_S
WFN_G

CBCAS

dA F7IMEZS EIO|E{H|0| A2 RE
THCAS, CBDAS, CBCAS E7|ME2

So| SNP 925 HOISIH D, ST 9

=

—_— -
—1
—
—_—

I

|

| B Drug-specific Mucleotide
| B Fiber-specific Nuclestide
| | Common Muclectide

l #® Drug-specific Primer

# Fiver-specific Pimer

X CHOFe| ™ME FHK A A1 THCAS(THCA synthase)2t CBDAS(CBDA synthase)= & A
SN 22tEl 0|2 MZ CHE GMA| O HiEfH 2= EX§SIH, OFefd Ciobs 2t
ot THCASSE} Q|7 XHpseudogene) HEH2| CBDASE 7HA|L U= BHH, X(H|)Ottd T
Or= 2ot CBDAS2t /™At HEC| THCASE 7HX1 UZFS & = UJYSLICE 0]
= F UMY ME 43H€0l O =2 £ LCIE MY |EXQ
CBCAS(cannabichromenic acid synthase)S 2=t &LICtH
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Cannabinol Synthase Gene Based Molecular Markers for Identification
of Drug and Fiber Type Cannabis sativa

Hyun-Seung Park", Hye Hyun Oh*, Sungmin Kim™, Jee Young Park’, Jintae Kim',
Hyconah Shim', and Tae-Jin Yangw
}Deparrmem‘ of Agriculture, Forestry and Bioresources, Plant Genomics & Breeding Institute,
College of Agriculture & Life Sciences, Seoul National University, 1 Gwanak-ro, Gwanak-gu, Seoul 08826, Korea
’Forensic Genetics & Chemistry Division, Supreme Prosecutors’ Office, Seoul 06590, Korea

Abstract — Cannabis sativa is an important industrial plant utilized to produce fiber, oil, and medicinal ingredients. A chemo-
type of cannabis is divided into “Drug type” with predominance of tetrahydrocannabinolic acid (THCA) and “Fiber type” with
cannabidiolic acid (CBDA). To develop molecular markers for the discrimination of these two types, nucleotide sequences of
THCA synthase and CBDA synthase as well as their pseudogenes were retrieved from the recently published cannabis genome
in chromosome scale. Gene-specific SNPs were discovered by multiple alignment of these sequences, and 2 dominant marker
sets from each gene were designed for selective amplification. Our markers successfully identified “Drug type™ and “Fiber type”
cannabis plants as well as forensic samples including processed materials. Our molecular markers will provide a fast and effi-
cient system for molecular-based identification of the cannabis plant.

Keywords — Cannabis sativa, THCAS, CBDAS, Molecular marker
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Serial mumber Primer name

Sequence (57 -=37)

PK_AS 4 F
PK_AS 6 R
PK_AS 12 F
PK_AS 13 R
FN AS 4 F
FN AS 9 R
FN_AS 7 F
FN AS 13 R

=T - Y

CAAATAACTCCCATATCCAAGCA
ATTGACTAAGTGTGCATCAATA
ACCCTTACGGTGGTATAATGGAG
GGGACACATAAGGAGTCGTA
TTGGGTTAATGAGAAAAATGAGAG
TGCTCCACCACCACGTAA
GCTATGGACCATTGATGAGAAGC
CAGCTCAATTGTCTGCAATCC
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Fig. 1. A schematic diagram of the relative structure of THCAS, CBDAS, CBCAS genes and pseudogenes (WTHCAS/wCBDAS,
Pseudogene) found in drug and non-drug Cannabis sativa and the location of THCAS/CBDAS specific SNPs. The pseudogenes dis-
covered by BLASTN are indicated by gray bars, and those discovered in the drug type genome (wPK) are under the THCAS gene, and
the above genes discovered in the non-drug type genome (ywFN) are under the CBDAS. The nucleotide sequence variation of each
gene is indicated by a vertical line. The primer positions were denoted by arrows and labeled with serial numbers in Table 1.

THCAS, CBDAS =0| SNP &= % o7 iy -
Cannabinoid 4§ ¢ #77} 3% 3HTHCAS, CBDAS, CBCAS)
obx ubgl )4t MUES Yo' MAFFTE ©]&
slo] oM DelA 2] We)] A9-g gl o] 52
1.6 kb FXx == THCAS 2 CBDAS 47} k] A
IR Bgsls 9lon, o] 3 THCAS 47 So] SNP
4718t CBDAS 47} So] SNP 475 whaalo] &2} v}
A5 Y71 S8ItkFig. 1). 2k F384F o] SNP F<llA
Az} FE AHEe] 27]7) 400 bp ©)E 7} HEE 224 =

& AA8slen, o5& A ekt ode)F primere
3 dote]] SAAA At FAANRE SelFer FE 5
=5 allele-specific primerS #) 218121}, THCAS 5]
SNP 47112} CBDAS 5] SNP 415 77} S%ah= 2249]
primers vlepd dinl 2 vlelepy dinl FF A4 DNAC
»] PCR 3191& o] 25 7|lE v 5% F4& 2o
F= AL 08 5 22AckFig. 24, 2B).

o] 858 trke] vt FH o g FristaA HIede
AzE el ol9)ol] tirlE 182 sh= vE Hele
nlekRrl Wol AAdER ok, s Hee] RS €
89| 5424 DNA 3 &-&0] yto} v]2ke] DNAS &
SPAAM L st B4 7PHE FAl0 A8slof she A5t

NDFC

72 - Wt oot Y

Wk wEks 9 gk THCAS 5ol primer 243
CBDAS 5-©] primer 2248 th’-2.2 mulitplex PCRe] &
7Ved% vl 2=Esl] HloKFig 2C). THCAS o] primers-S-
©]4-8h= multiplex PCR(PK_AS 4F, PK_AS 6R, PK AS 12 F,
PK_AS 13 R)e] Aol oA %18 T34 9Jolx
PK_AS 4 F primer?} PK_AS 13 R primer2] Z§ho= A
48 AZE- PCR AHEe] ER1ERlon, o]5e 1% dnt
A EAMT SolF oz FEE i CBDAS 5ol
primer7t2] multiplex PCR(FN_AS 4 F, FN_AS 9 R,
FN_AS 7 F, FN_AS 13 R)] 79z 7% primer 23
o7 FRE AHEo] ofd O Z{elA fejEl =27e] F
Z Ahgte] AE o) o AE] veleby divl FF A
el Aut KelFom whgshs 21& &4 stk =3
THCAS 59| primer 143 CBDAS 5-©] primer 1%-&
A& o] multiplex PCRE 3131-& ®oll=(PK_AS 12 F,
PK_AS 13 R, FN_AS_7 F, FN_AS_13_R), THCAS 5-©]
ZFHe thuh AlelAYE, Z22]51 CBDAS 5] 2§12 H]u}
oFy timh FF A4 Al8olA T SolH o R PCR S
FTEI= S WM F 2ok

ZAEE ME HE - /24 7149 njepAd, vinjepy 703
kA 7L A HAE HPClE o8-8 4 ASA opry]



Vol. 52, No. 2, 2021

(A) Drug Fiver

THCAS specific

Fig. 2. PCR amplification of various samples using allele-spe-
cific molecular markers specific to THCAS and CBDAS. Ten
cannabis samples of drug type and one sample of fiber type vari-
ety, “Cheongsam” were used. M, 100bp DNA size ladder; PC,
primer combinations based on the serial numbers in Table 1.
(A) PCR amplification using two THCAS specific markers. (B)
PCR amplification using CBDAS specific markers. (C) PCR
amplification using multiplex primer pairs, Top, combination
of four THCAS specific primers created three bands. Middle,
Four CBDAS specific primers created two bands. Bottom, two
THCAS specific primers (PK_AS 12 F, PK_AS 13 R) and
two CBDAS specific primers (FN AS 7 F, EN AS 13 R)
created single band for drug and non-drug type, respectively.
Primer pairs were denoted at right side of each gel panels.
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Fig. 3. Application of THCAS/CBDAS specific markers to various Cannabis samples. (A) Photo of samples (provided by Supreme
Prosecutors’ Office). S1, 19-507 2-2, cannabis chocolate; S2, 19-506 2, cannabis cookie; S3, 19-478 2-2, cannabis seeds; S4, 19-478
1-2, cannabis seeds; S5, 19-363 2-2, forensic sample of cannabis leaves. Only the sample S5 was positive for A9-THC by GC/MS
analysis and the others were negative. (B) PCR amplification using THCAS-specific markers. M, 100bp DNA size ladder; PC,
primer combinations based on the serial numbers in Table 1. (C) PCR amplification using CBDAS-specific markers. Sample 5 seems
drug-type, samples 3 and 4 seems non-drug type, and samples land 2 seems containing both types.
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