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FF i

AT — RTINS ASR L U TEG AN WS D, ZEE G R
REMLR EFEA BT ESNS. AFKITAROEDIZHKRL TS Z &
5, ZNOOMEITIINARTIESSDENAEL L. EH X OERL, JHE
W, EFRE, MLHREL WS BIsH, BRER, ASHRERZRNET N
5. FEHMEY) - AFKITITEEGERE U TRE LT ENERINDTZ0,
BziuiiL, #4252 LITHEELRREL > TS, BIEOIXS>E DERK
DL, WEICKRLEELEZ D LOIIFEMY THLEE2 NS, RO
BV, TR LROEWLER - diff SICHR T AT E A EH D
FEFICRERERTH D, KM OEWEZBFEICT 2 FIEICIIRE < 21T THE
W, BEEFR, LT FEMTFRTFERDHY, ThENRIRWICE LT
TEPTRH SN S . &G E O R & & HICmBE ORI E bR L T
BY, FWESHENMER EOOIckkx e TRPRA LN TN,

A TIL, MY - EEO MO K N EEBEZ BRI T 2 HBY
TlHAE DOIFE « ERNCHR B E, MFRFIEE D FEYTFRFECZLD
JFREA D 2R ORI, TR OEHITE 2 B AR TEE ] 23RS, £ LT
DT EMFTIEORER CTH D Loop-mediated isothermal amplification
(LAMP) i£% TRBREL] Z5%5RICHEE L7

HoE T, TSR [ OIS S e T o7, i
(Coptidis Rhizoma) 1ZF >R U 7H AU LV ROMREICHKRT L4 TH Y,
o5 17 iE H AZE R 7121 Coptis japonica Makino, Coptis chinensis Franchet,
Coptis deltoidea C.Y. Cheng et Hsiao, Coptis teeta Wallich @ 4 FE3 I E STV 5
D, BHARIZBAET D DX Coptis japonica DA TH Y, AFEZIHIZF 74T L

> (Coptis japonica var. anemonifolia), &Y 34 L > (C. japonica var,
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major), =t U 3417 1> (C.japonica var. japonica) ¢ 3 AFEIZ/3HE ATV
% (Tablel). 25 bH, HEPFHFRE LTHEHERDR, I/ -yt
NETVCD2EMTHY, TNOEFEORETENSND. BATI AV L
> DEEDTERBITHIL - 8K Z L ICEZRIEDPREO BN D T, EROFIEICLDY
ERARECTERWVER OIS 2. 207, H—-FETIE, Milkee - o1
AW FiEZ VT, B FAEY) O ZARVEDIEI, TR DOERITEDRRGE, #
R E DB & S E A~ OIS B 207 21T o 72,
TETIE TRRE BT D0 AR R EREDBRRE EA1T o T2 RIK

B Cannabis sativa L. |37 9 FD—4EFLT, KRB OFTRFCHET R BREE
T LSHIREN TS, —fREIIS, RIFEOERNITE L 2RI A TR TR
REIC L VTN, KRREICRENRRG THOL T8/ A FEILEWEE
PERNIZ S L <UFZEDHIERIRE R & 2k rICiRE T 5 2 L TITbh s
(Table 2). T TIE, D TFEMFHRFELLZIHMESNLTEY, DNAIZX
DERIENF 2 RBRIE D —o L 7> TW D, LinLRDd S, DNAIZ XK D1Ek
OEHNETIEHE R BB 2, S BITITEMS TS DNA Bk fE D > 723
BRENICIRESND. ok, HETIE, FEHOHAEICEN, T3 T
HERIE L LCOBTERR I b AT 2 LAMP IEICAE B L, TG {5 7 KBRFL oD B
{EDOMESLZ HEF L 7.



Table 1 Variety differences of Coptis japonica

Morphological
characteristics®

Chemical
characteristics®

Molecular biological
characteristics”

Leaf shape

Alkaloid:
components and
contents

DNA sequences
(Accession no.)

C. japonica (Thunb.) Makino var.
anemonifolia (Siebold et Zucc.) H.Ohba

CZa %%

ternate compound
leaf

berberine :+++
jaterorrhizine +++
coptisine ++
palmatine :+

trn L-F : KR697588
trnH-psb A : AB163752
ITS: AB695574

Coptis japonica (Thunb.) Makino var.
major (Mig.) Satake

(LU SFH L)

bi-ternate
compound leaf

berberine :+++
jaterorrhizine :+
coptisine :++
palmatine :++

trn L-F : KR697589
trn H-psb A : KR697586
ITS: KR697578

Coptis japonica (Thunb.) Makino var.

japonica
(=Y AFTLY)

tri-ternate
compound leaf

berberine :++
jaterorrhizine :++
coptisine :+
palmatine :+

trnL-F : no data
trn H-psb A : AB163751
ITS : AB695605

Table 2 Cannabis sativa detection methods

o Tissues
Leaf Stem Root Seed
Morphological detection® © @) - - O
Chemical detection @) A - A
DNA-based detection O O @) ©)

QO: suitable method, A: detectable method, —: unsuitable method



A

B EHFAK [FE] OMEICET 5%

## (Coptidis Rhizoma) 1355 17 ekiE HARZ I IARMIZA T L >
Coptis japonica Makino, Coptis chinensis Franchet, Coptis deltoidea C.Y.
Cheng et Hsiao X% Coptis teeta Wallich (Ranunculaceae) DR % 1F & A E TR
WERZE ] L HIE ST\ 5 V. Berberine, palmatine, coptisine 72 & D7 L &
A R&EH L, £ TH D berberine IFHIRIE « PLEIEA 273 7. BEXE
PR, A, ILESEe COEREA L, dEgEY, —EiEOE, CPEEL
Gits EDOWIIFH TG ST\ 5. sl IR A AN I T 148 15
12 07, —RAEGRAICENTH 1 FL LGS h TRy, BEA
HDO—>THD 8, BUE, EWNICEIT 2 HEE O H £I135 40,000~50,000 kg
ThY, KESITHEFETHDI, HAREIZDT I 5~10%TH 5 0.

POEIIMEARERO BN SR E VS TE . BARIZEIT S
FOE O TR BRI REEO A M 0, ENIC B AT 2kt % [R5
e LCTHERT 2 X210z &2 602 M. ILFRHRICIT B ARERIE D
WMER S TEY, YRFOMEM T CAERE Sz TIVEFE | Moo pEHL o 37
EEYENRWE STV, THEEARIHE ) TR TARLH A &
) T HHEE ) 7o Ehka 72300 0, IS CAE SN dE N RE T
HY, £, BEOEERF I ALY L TholcZ LREfiahTing
W OmEREENRE L SNEEAO 2L LT, 74T L o4

(BUARAFT L s ak AT T L) ICHAREPKIEET D LD,
BANLTETERORENX 7 347 LU OREITRRZINE D722 L AT
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12,

A OYIE E CHEIL A A CAEINTEY, [FHgEE ) i shE )
RN EEE | 72 O3l LTz, BIEMSM & U Citil 9 2 s 3ok C
HY, WTHbEUASAFT L ATHEKR LTS, B AF T LT Z8HE K
DERITRLS, IWEHLZWD, FEEMELTHLTWD EBEZ NS, TF
TIE, 72 PEREICM S, AAREREOAEE T MARICH Y, FBHRT
AFEESND THRTFE | 240 & LicbT DRl OADOAEFE L 7t > T D

.07, AT R AT BT L EEAROBEEESHER I TWS., £
DM E LT, ELDBWATTH LD PEDOE LWEFREIC X 2 NMEE O
B, EIHROREIC X 2 B RREXR L OHIR e E R T ons. 20l
o, THE] 0 ) i & LeARKICB W T, EFEb~m 7o i 5l
DHETRLB ORI DA T DO TN S 1617,

X7 AR_F LS E LTEHEAVLN T RN DOD, T ULk
MO BET 5 2 LM EE g - SR R OS2 E iz 12492 2

CWCBEBRLEERQEVMERTHS. AU LD 3EMIIEDOEIEDIZREIZ LY

fmv

117] 3 HEEEEIXX 7 34 7 L > (C. japonica var. anemonifolia), 2 [a] 3 H#EEET
U 47 L (C.japonica var. major), 3[A]3 HEHE Tt U 4L (C
japonica var. japonica) & FEI AL, ¥ 7 AT L AT AREE, AN O B AU

AL, BUAF T LB LIEa® Y NGy L oddiiEE, AN, UEC
DAL TND 21819 % 7 0 U TSRS B S T S S D TFE L7 2
b, WEEFMT S ETHATAMAROF 7/ ANF U L ERRET DL L
WEWDAT v 7 L2250y, ZHIITNWL O0MERR b 5. bkt ¥
INRF LB INF YL O2EMPAATLIHTHY, BEAETD
F UL DOREDTRRITHIE - BRI SEERRO NS, ZDD, HAE



T OEEOTNNIIERDTFEI LV B EER TE RV DOBIFET D, &
7=, FINRIZEBNT, BREEE T 7 34T U o OB OFIDNE AT
b, BROBICHENA T Lo OFREPT O TOZE R 13 5 5 20,
ZITHASNEAY L3S T LRI ATy LTIt " Fr Ly
HIFEL TWZEBERZ DN, SOICHEHPBE SN THOBHRIZERE L
TWLZEMD, BEANTEASNIEA T LURBALL TWD Z &R
END. ZDD, EOFENLF 7 T T Lo @IS DEERN ¥ 7 A
DL AT L ERMELTERTH D AR B R HILD.

TR S FAC A E T 53 R B AT 25 < DNA RT3 A 2 2R D —
DR DDB 5. KEMTRDRECEIEICH B S ribulose 1, 5-
bisphosphatecarboxylase (rbcL) <> maturase K (matK) 72 & OfEIRIZEI LT, C.
japonica @ DNA %I 3 [E R ALY 7 — % ~— X (DDBJEMBL/GenBank) (Z
BokEINT\Wb., 51T, CoptisJ&DORMKEE HAE L TE: DNA fEI O
Internal transcribed spacer (ITS) FEECHERKIA DNA @ trnL-F fE5<° trnH-psbA
FEIRICEE DS S BB ARA LN TWAH Y LA LRnn, Zablckd
SIFATIIFER OB E 0, 2 Z2HEH THRAF SN2 H R DEV T EERKA DNA
ICBWTEIRIEDRLSDIENAED 5N TWDLDHRTH L. Lrnd, LEET
DO T 5 HX°, FFkA DNA Th 5 7o DR X T E 2R 72 7
5, PIREICAREZ @R T 2L LTEARETH D, 0, EESCEND
RN RN D 72D, X 5722 Single nucleotide polymorphism (SNP) fi#4T
R a7 IA MEN 2 EOMDOT T a—FRRETHLEZ 2 HND.

ZOXIBRERND, KETEFIAFT L ERIANAFTT LY, SHITE
W 25 D AR OEERINE 2 L3 2 2 & A HAIZ, dbFiis THREL 726k 4 72
OB EFT 247 L2 AT, SNPENTICL Y 2 EMa nFE L,



SNERTEREILC L D H e 2 FH W BERIVEDBIR L Z O E 2l L, BB~
DisHZBHE L.



S8 HARE SO A O

FH—IH EERME - ik

LD 117 3 HEREO MBI LA A L T X7 " F v Lz 1
K, 28] 3 HEEO M) 2B 2 L T\ b e U "ty Lo Lk KK
HiE SO EHED 1 3 EHT ST, Tetrahydroberberine oxidase (THBO) gene %
AV M= A% To7 (Fig.1). ¥/ AFT LU ROEY AFT L
DREFFEEICEL VT T,

B FEBRRER

2 EFEZENT D720 D DNA ~— I — %R T 5728, THBOgene D> —7
T AEAT o T2, THBO IFA/LRY A BRI O Feof Be s CHERE L, RIBIIA T
HHT hT7E REaLRY U EAOLARY NIRRT I LBEE CThH D (Fig. 2)
2122 [EBSHE IR T — Z R RZBER S LT U A T L ORGEMEO
THBO gene DELHIT — % (AB564543) Z 3T, 7T A A v M &EAT o T2fk5 R % Table
3ITART. ZORER, THBOgene 1Z1 > b v &5 £ 720 1623 bp THERL 11T
BY, ¥7 471> (LC269130), &V A7 L (LC269150), miGihd ik
# (LC269162) kU U AF T Lo ozl (AB564543) @ THBO gene DL
BT — & OEITEF 12 257D SNP 2§87, F7=, ¥ 7 34U L (LC269130)
UG T L (LC269150, LC269162, AB564543) DEIHIT — & DT,
219 28T (M JERCYIE 5 338, 484, 957, 974, 1077, 1278, 1500, 1527, 1608) = SNP
i,



Fig. 1 Typical leaf shapes of C. japonica var. anemonifolia and C. japonica var. major

C. japonica var. anemonifolia characteristically has ternate compound leaves (left
leaf), whereas C. japonica var. major has biternate compound leaves (right leaf).
Both of the varieties were collected at Lo6 and Lo11, respectively from Ishikawa
Prefecture shown in Fig. 3.



Fig. 2 Berberine synthetic pathway?-2?
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=IH EBREL

XIONRF T AFT L OBEBRIENEZRET 5720, THBO
gene O SNP flMi 47572, FU_"FT L LU AFTLUORICED LR
7= 9 3T D SNPs D 5 &, HEFFIE S 957, 1077, 1278, 1500, 1527, 1608 O
6 DFTIET X RO EERZ DR W AFRIIER TH - 7. ARSI 5 338,
484,974 O 3 NPENEENTEN, AWML ITVE I, £V rhba
ATV, TI=2Uhb T U ANEDLLIERBIERTH -T2, 2 IERE
AOEHLIIARNE 7R &7 X BR ORI D HEH TR\ Z &7 6, THBO gene
D SNP B RPN EREIICHERTEEICR B Z KT 2 Lidhnelbnd. Zh
X, FI7AF LB AFTT L OMTILARY B EICETRD B
Mmolo LT L EATHIROREE —HFFT 2R THD. DL H1Z, THBO
gene DM IRBINCHEZ HE 2 5O TIE W EBZ LN LOD, 25

2@ T OB~ — =L LTARTH S Z LRIz,

12



o H BREEDOE OJFAEY DT REFH) « BARTFHIZERIEIZ SV T

F—IH EERAME - 7tk

Rt T I AET HA T LA 14 HR D 6~35 iR (Lol; 11 flE{A, Lo2;
17 B, Lo3, 11 fE{A, Lo4; 14 fE{A, Lo5; 10 fE{A, Lo6, 10 fE{&, Lo7; 10
&, Lo8; 10 ffl{&, Lo9;6 fiil{&, Lol0; 10 fE{&, Loll; 10 fE{K, Lol2;7 fEfAk,
Lo13; 6 fIE 1A, Lol4; 35 f#l{k) % 2016 4F6 A ~9 HIZEEL7= (Fig.3). /=&
UARF T Lo DOFERBEE LT, SEEPHEH R OEHFRREHICENT, »
PP L TFHEEEE | KO TERTEE ) DAY 2 22 h 183 k4> 2017 4
10 HIZHRER L7z, A8 B s 4 83> 571 64 fE{K 12> T THBO gene D

— 7 T A%FTV, SNP T 2175 7~

13



Fig. 3 Map of collection sites of Coptis japonica in this study.

Samples of C. japonica (Lol-Lol14) were collected from Ishikawa, Fukui, Toyama, and
Gifu Prefectures

14



oI EERAE R

FELL 7247 L UATBEDO T REIC SARPENGR D B AL, HFIC Lold THRELL /-4 ¥
L2 Tl 2 BFEDIRIE R OZZHE U T2 B OLFED STz (Fig. 4). Lol~Lol4,
FHE, KEFCERELI-A D LA oW, £ KR UERPN O SNP @l 217 -
7= (Table 4). BB RS EBATLX 7 "F v Ly - BYARF T L OEH

(Lo6 + Lol11) (Zx9 % &£kt R DM H 0O — gk & 72 » D2 [E kL (Dxy)
EEE LR, KEL Zo07—7 (F—71 : Lol~Lo9, 71 —72 :
Lo10~Lo13, FHi%, K¥F) 20T 52 &N T&7= (Fig.5a). Z OfE R A2 FLITE
Hut S 2 & 02 Lol~Lo9 2 7 " F 7 Ly, Lol0~Lol3 2k U \F Lo LKA
FEICRE L=, £72, Lold T 2 2O N—7OMICAE L, 2 BFENES LT
HHTHDAREMEN RSN, S LEZF7 347 1> (Lol~Lo9) & & U N
A7 L (Lol0~Lol13, FHIEZ, K¥F) O 7 V—7RIZIL, fR1F X7 4 D FTD SNP

(M HEL S5 957, 1077, 1278, 1527) H3i8@ by, 2 AR #ERI3 2B Rm~

——E L THDTHD Z L&D 7= (Fig. 5b).
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Fig. 4 Typical leaflet morphology at each collection site

% Lol Lo2 Lo3
P
Lo6 Lo7 Lo8

Lol4-1 Lo14-2 Lo14-3 Lol4-4 Lo14-5

Lateral leaflets at each collection site were cut and were photographed. Lo14 leaflet
morphology had highly diversified among samples (Lo14-1~L014-5)
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Fig. 5 SNP analysis of C. japonica collected at each site
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(a) The average number of nucleotide substitutions per site between populations (Dxy) was calculated. Each Dxy of
Lol-Lo14, Tamba, and Ono against Lo6 population, which has the typical leaf shape of C. japonica var.
anemonifolia, was plotted on the x-axis and each Dxy of Lol-Lo14, Tamba, and Ono against Lol1 population,
which has the typical leaf shape of C. japonica var. major, was plotted on the y-axis by collection site.

(b) The number of nucleotides at SNP sites was calculated following the sequencing of DNA from four samples per
collection site by counting homozygosity as two and heterozygosity as one. SNPs conserved between the two
varieties were observed at nucleotide positions 957, 1077, 1278, and 1527.
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BHETH EBREBL

Fig. 5b TR L D12, BUNRF DT LT 9 DFTOHEETT RXTRH—Th
v, L OCERINICBOD T IRIEERR DN T LB BIBICLE LT
ERCTHDHZ LR EN. —F, ¥7 47 L UI3EFIM L OERNOH
BN U AT T L ATHARELS, BEHISHEERRE W LRI
Tz. ZD, BRHE ORI DL RF I AT L o255 E LT, BIBH
SRk & GE T, MEORREAS WM 72 EOFHMEZIT 5 Z &%, &
BEHSCHEROMEOREZ AIEA 5 FTHHEEIIRLIEZEZ DD,

ARl 2 B OBIRIREOCIER & L TRIFESNL TV D 2 L& RS
ELT, BB T LI 2 AN L. TR SR 2 TR T
HIETHELTEY, BIZIXLoT DX 7 "F L DX HIe, —RT 5 EHE
DIFETHE TEX/ANnAF T LU b X7 AT LU EREL TS, —F, 24
FEAEAE LT 5 Lold OERIZEWT, WEROEEFNTIETILFEE TX 72
VMERZ 2 < BT, Z o=, dblEM TRILL-A4 T L il on T, EiE
PHNCEROFIET H72DI21E, HEROERELAERELIS OFHEIE S M HE T
boEEZ LN

19



5 8 HAPE SRR OB RS A & S EUE B~ DG

F—IH EERAME - 7tk

LIRS T2 I~3 M DEEZERIL, BEDOMINE L/ NERNDOEEE 58]0 B
D, ¥INFTLUE23 K, BUAF T L UE 130 KIZOWT, BEERRIC
LT —% 2B L7z (Fig. 4, Table 5). i — %1% Imaged % W,
INEDSEER N DR O R S, RifE, NEL/NERONELR EZRIEL, SN
JEREFRIE CT& 5 Leaf type index 1 (LT-1) M OF Leaftype index 2 (LT-2) ZHHL
7= (Table5, Fig.6). LT-1I3ZBEAFO#ENFIEL KBS D720, NEOHEEI G
RO E CORMBEMARET 52 L TR L. LT-2 13/ EO2 KRR 2814
ABDERS Z RS 272, MVNEL/NEOROR SO RN LREFELZIRL
THH Lz, BRI T-1 KO LT-2 1220\, #atf#sr Y 7 R (ROCR

package for R, pROC package for R) % i\ T ROC fi#ft 21T~ 7= 229,

20
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Fig. 6 Leaf type index

a

LT-1 (mm) = Length from Ato B

Surface area ( mmz)
’ / i %%

Length of margin and petiolule (mm)

(Length of margin and petiolule)2

LT-2 =
Surface area

(a) Measurement of leaf type index1 (LT-1). LT-1 was measured as the shortest length
between the margin (A) and the base of a leaflet (B). (b) Measurement and calculation of
leaf type index 2 (LT-2). The surface area of a leaflet and the length of the leaflet margin
and the petiolule were measured and LT-2, which reflects the degree of leaflet dissection,
was calculated as LT-2 = (Length of leaflet margin and petiolule)2/ Surface area.
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oI EERAE R

XINRFT L v YR L OBREFNRENEFIT 572012, /NE
DFEREIZFE D W ANTTEREFREE LT-1 X OVLT-2 238 A L7 (Fig. 6). /NEDH
o BERDO E CORERBCERIND LT-1 B FOHERETHEHIND F
B LB TH D, AVNELNEOHOR SO /AL RmEEZRL T
RKIND LT-2 1T/ EO KRB0 OIVAL DRSS KM LT BIETH 5. K/ E
DFEHEICOWT, MR ERE, Mt LT-1 OfEz 7w > b Ui %
Fig. 7a |2~ 9. FEREUMLS O LT-1 OFEIZF 7 347 L > T 3.79~11.16 mm
THY, BV AT L T1.00~1.99mm Toh-o7-. Figure 7b IZAfHHIZ
H, M NE L NEOMOR IO ZFAE T my b LB TH D, Hifi
PR W T E TEREND LT-2 OEMFOFIEIL, F7 340 LT 8144
~140.78 TH Y, LU AT LT 275.06~375.74 TH-7- (Table5).

LT-1 O LT-2 O#ERIEES) %2 5 i35 7= %, Receiver operating characteristics

(ROC) fiftht 21T ~>7-= (Fig. 7c,d). ROC AT IZEERIOKE E % 3FH 9~ 5 7= O Dk
HFERFRIETH S, LT-1 2 IS5 L7854, LT-1 @ area under the curve (AUC)
130946 THV, IbEWIFE (0.898) b oW MATZfH 242 mm ZHH L
A, FORKE IELEFIATTLURELSFZAAF T Lo e LTHE
SNTHEE) 120889 TH Y, Ktk (ELZB Y AT T L UNIELS U
ALy E LTCHESNEEIE) 130915 Thoto. LT-2 ZRUECHFH LG
A, LT-2 ® AUC (X 0979 TH YV, fxbm\WFFE (0.942) 2> v M4 71E
20144 ZERH LT-%4, £ ORE1X 0.996 TH 0, FrEMIX 0.845 TH - 7=. AUC
WO 2T 572 & 2 A, LT-2 D AUC 23A I LT-1 @ AUC L 0 &WWEE %2 7~
L7 (p<0.05).

BARTH) - TPREFAR TR O S, 2AMBNRAEL, RMELER (UTF, &
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MEAETEL T 2) DMAET DR (Lold) TERIRS NI EIR D L AR DT 21T -
o 7l LTHWEREHS Lold 04 T L /N EDERE N A TH D,
PERDITETITEME LTEREENT 5 N TE ol BRIRLIEA Y
LU DOFHMEZ AR & LTERLZH DN Fig. 8a,b TH Y, ROC fif# THW =
Ty A THEEHNTHEHE L TELLOERIZBET A2 AHATH-T. £
T & DY T IO T, THBO gene @ 4 7 Alr (MR &AL 5 957, 1077, 1278,
1527) #JEZ, R AT ULy, B UNF U L, MEZETIC R L7, SNP fif
Hrofi Rk, SIS 35 EERlE, 7 40 Lo 17 fEK, BY AT L 9fH
I, SSHEZETEDS 9 A TH D Z LV L7z, IRIZ, SNP IZ X 5% 56T,
LT-1 Ol E R LR, 27347 12T 6.3520.56 mm, U 471
> T 1.47+0.09 mm, AZHEZSFEC 1.6320.07mm TdH 7= (Fig.8¢c). F 7 4L
YERUNRFTT LY, RIARFU L RMETEOR THEZENRD IV,
B UARTT L L BT DM THEZEDRO bILRoTz. —J7, LT-2 OF
MBI 7 "4 D LT 116.4747.42, & U NA 7 L2 T 415.10447.00, ARHER
fi T 267.50+15.18 & =N ENEA DML~ LTz (Fig. 8d). LT-2 &AW\ 25a,
XINRFT L ERYURFTTLUDOR], 75T L0 ERMEROM THE
ERROONTTT TR, BIATT L& RHEETOR THAEENR
bz,
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Fig. 7 Leaflet measurement of C. japonica var. anemonifolia and C. japonica var. major
and ROC curve analysis of LT-1 and LT-2

a b
o @ C. japonica var. ¢ ifol
= A C japonica va
25 = 1,200,000 o
. A
L)
2 z 1,000,000 , s,
T L g 800,000 ; s
=~ A
E 2 600,000 . ¥ by
- = A A
5 10 E 400,000 ::‘n‘ “
= r Ry
= b A ]
5 %= 200,000 %. .
= %
0 i 0
0 1,000 2,000 3,000 ] 0 1,000 2,000 3,000
Surface area (mm2) Surface area (mm2)
c d
ROC curve of LT-1 ROC curve of LT-2
o < ]
© @« _| /J/
o | o
£ g .,
= AUC 0.946 = AUC 0.979
3 = Maximum accuracy 0.898 _5 S Maximum accuracy 0.942
h Cutoffvalue 2.42 mm v Cutoff'value 201.44
o Sensitivity 0.889 8- Sensitivity 0.996
Specificity 0.915 Specificity 0.845
o | L=
i T T T T T T < T T T T T T
00 02 04 06 08 10 00 02 04 06 08 10
1-Specificity 1-Specificity

(a) Scatter plot of surface area of leaflet plotted on the x-axis and LT-1 plotted on the y-axis. (b) Scatter plot
of surface area (x-axis) and length of margin and petiolule squared (y-axis). (c, d) ROC curves of LT-1 and LT-
2 showing 1-specificity on the x-axis and sensitivity on the y-axis for each potential threshold. AUCs were
determined on the basis of the ROC curves. Significant differences were observed between two AUCs (p<0.05).
The cutoff, sensitivity, and specificity values with the highest accuracy are underlined.

25



Fig. 8 Classification of samples from site with two varieties coexisting.

a b
14 i 1,400,000
[ ] o
12 n 2 1,200,000 -
u 2
10 a® = T 1,000,000
E - = [ |
E s == .y = £ 5 800,000 n "_m
— = =
- u 5 2
B 0 Em " "o £E 600,000 =
— ] | ] [} — u ]
4 = S 400,000
s f "
PRRERERRLEN A . ¥ ¥ Preeen .i... g 200,000 m n
= m - 2 n
0 0 Lt
0 500 1,000 1,500 2,000 2,500 0 500 1,000 1,500 2,000 2,500
Surface area (mm2) Surface area (mm2)
< d
g % 500 K
* *
400 i
6
¢
g oy 300
o 3
5 200
2
I
0
Cj-an Cj-ma Cj-an/Cj-ma 0
Cj-an Cj-ma Cj-an/Cj-ma
(Mean * SE, * p<0.05) (Mean+ SE, * p=<0.05)

Samples collected from Lo14 were measured. Scatter plot of surface area of leaflets plotted on the x-axis and LT-1
plotted on the y-axis (a). Scatter plot of surface area (x-axis) and length of margin and petiolule squared (y-axis) (b).
Dotted lines indicate cutoff values of LT-1 (2.42 mm) and LT-2 (201.44) with maximum accuracy. On the basis of
SNPs, the samples were classified into C. japonica var. anemonifolia (Cj-an, number of samples: 17, number of
measurements: 35), C. japonica var. major (Cj-ma, number of samples: 9, number of measurements: 23), or their
crossbreeds (Cj-an/Cj-ma, number of samples: 9, number of measurements: 26) and LT-1 (c) and LT-2 (d) values
were measured. Values are means + standard error and asterisk indicates significant difference (ANOVA and
Tukey’s test; p<0.05)
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b

B IH FEBRE LR
ALk G TERIE LA T b, SRS 2 LIS o R v
TLT-1fES LI T2 2B 52T, 28 MAEME LTHETH 2
EMFRETH T2, L Ladn, ELL0EEEZHWTH, F7 347 Ly
VAT Y L TEET DEOEBBFET 272, 2 BMA KL LT
BICHETHEIREECHL B OND. TOD, 2 EMEIMNBIZRET
IEFEIZERRIT 272 0121E, HOREOMEEE, TRDobHALTA T LBk
B"Lird.

ROC AT DFE R D, LT-2 23 2 ZREOER 21T 5 HHOIEIE L LTHTH
DT DRI NI, FET 2 EREMNREAEL, D ORMEERENFET D HLS
(Lold) DEMTIZBWT, 7 3F ULy, U ARFT LY, AMEFED LT-2
EIZZNENEADOEE R LIZZ End, REEEOENMC LA THDHZ &
PRSI, —5T, LT-2 3BT 217 5 BER HDH Z & s, 74—/ K
THWAHREL LTIAMETHS., LLRRD, SRIOERIT/NEDO 2R
7R IVABR DR S HEBICAND Z ENEETHDH Z L2 RTHREETLD
5. BRI NEDOUIIAZDRE DENWRF 7 N4 7 L KO Y NF T L
Y OFREF N R R E S LT D Z &0, 28 A W T4 5 Z Lick
D RG\CHRETE DD, AR TIETOZYMEZR AL, HBiEE45
T EMTER. 2EFEE RS AT A AR CERIT BRI, TEROERNEIC
INEDUIVABDIRS Z R L, EEEIZERIT 5 Z & TRV Bl 21T
ITEMTEDLLEEBEZLND.
ZIETITHMEMFEIZIS W THENOZHEME L R 72012, FEOUIIALD
REEIE L T D2 BN RSN TND B8 F7- WEMENTIC X 53R
RLEMBE T FELRESN TSR, LT-2, ThbbERSEmEL
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HIZ LA TREIN DA FEEIIHO OGN TW o 7=, LT-2 13O LM%
FHT DR & L T OMFE~DIGH L A[RETH D EEZ B
5.
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/N

X 7 \A 17 L (C.japonica var. anemonifolia) && U 471 (C.
japonica var. major) DEWIDOWT, BIBFH R OTEREFM) 72 Tk % FHV TR
HradT-72. THBO gene (23T 2 ZFEMIZ SNP 23580 b nd Z & & Al
L, kS ICAAETHA T L& SNP RHTIC R SEERBAZRE L. S5
(2, TERDIBIZREDHERNE T HEEDTREZ T 5451 (LT-1) &/h4E
DR Z2UINIAL DR E Z KBS 28R (LT-2) 21T, £ O#EhIE
NEFHH L7z, LT-2 1 LT-1 IZH_mWERIRE 2B L, S HIC2AORE
RO AN TH DL Z LRSI, 2EMOER %2 10 Wil 3 28
7o 7R PYEZ B LT ARFSERE 1S, B ARPETLERAEY) (C. japonica) DAk
(R EEBICA THLEBEABND.
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2 RFRELD DNA [ZE SR

=t

KIREL Cannabis sativa L. (X RT7 U7 ZJFEE T5T7HRO—FET, K
RO R RITEE S A =) & L CETERZ2 BRICELT LT ICRLG Sh
. RIREORFEIIMIC S TR EEARKOT Ve Lotk s LTH
WHILSD. HARIZIE BCLO00 FFHEHIIAFE LI & B2 b, HHEEID K &
RHRDHDHZEND, W< MHBHEEE S LTHWSA TV 2 JEFETEAN
A F~AL LTOERAbHIFIND 72 EIREWVARE R Tdh 5 30,

—75, KEREGHEO T T, [ZOEFETRKRE L, KRE (B FEeX -4
TN ) ROEOREEZ NS . 2L, KRIREORE L 722 KO DR
i (BHIEZBR<.) W RKHREOR KOO Z RS . | LERINTE
D, KFREOFTRS J ORI L IR STV D, RIFRE ORI 72 il 5y
IH e A FEILEHTH Y, KFENGHK 70 L Lol o F e/ A
REELAHRIFE SN TWD 3D, 2o T4 Tetrahydrocannabinol (THC) 134)

BRIEVE R 72 & OB HRRER 2 "3 2 3 b Tn g (Fig. 9) 3. K

RERAEIE I DR N BT PR 21 47 (3087 A) % B'— 27 12 Rk 25 4F (1616
N) ETRAD LT, SR 26 48 (1813 N) K UVERL 27 4 (2167 N) 1%
HBUHML TV 2 ¥, BIEL TWfER N v 7Tt L, SUHEM Oy 2 15

T E L GREICHRET 2 & & bICafEiEE ((bPEiEo—Mo3tm Lk
BWREE OIECHRE) ZFEMT 57 EOBR Y Ak L= & T, SRELA
DEATGRER R T v ZInb RIREICB T 2 ENEZbND. RIFKEIZET
HEREI=2—ATRESHEY LF b, #H2ieBOEIRIEFICRE V. £
e, HERIZEHANZL 5= oA FT7 v 7] L LTOMmERT DI &
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D, RIRE OB D ITFEELA RO THRFICEETH 5.

FHRER KIRE OIESILRE TIE, THC X AR F B A BT
Tetrahydrocannabinolic acid (THCA) & L CHEL TWAD. KIKEIX THCA =%
< &GHT 5 drug-type (THCA-dominant type) & 1E & A EEH L7 fiber-type

(Cannabidiolic-acid dominant type) @ 2 Z#EIZKBIEN 5 (Fig. 9) 233 H
REGORIBTOENRKKRE B EEZEEIE L THDA, EURHT T T, Ffg
HE T THC Z 0.3%LL E& A9 5 KARE & T LT O KRE 2 B fEIZ X 75 LT
W5 %8 Drug-type & fiber-type DR DRHERH TIX THC 25/ T 55/ &
LCERBBREND ZE BN TND P, Fio, SEH#EHS AN &7 8
5, fiber-type AMt & fiHE H B THEET D BRI THC &8 L ORMHER N B
PRI & 70 b, THCA [XAIBE{A? Cannabigerolic acid 7> & THCA synthase
IZ& Y THCA AR &% (Fig. 9). THCAsynthase & == — R34 % THCAS gene
131 > b a o &E £ 7220 1632 bp @ Open reading frame L W # kST 5 3
9. Drug-type & fiber-type @& #IZ, THCA synthase (THCAS) gene (280>
TB3fEHD SNP 2538 b LD Z LG ST 2 %,

—RAYS, RIREOENNTIFCFERIMRE L TERRFAIREIC L VTS, #
{bZ#RIRR AL 1 liquid chromatography-mass spectrometry (LC-MS) X° gas
chromatography-mass spectrometry (GC-MS) % T, KRIKELOREA 72 L5
Td# % THC, Cannabidiol, Cannabinol 72 &% 738 - [RIEET 5 Z & TITbiLd

(Fig. 9) ). JBREFHIMAIL, JCPBMEECE e 4 ¢, BEORIE
RMRER EERRET D LTI s 59 —J, MR ETREFRICRHEN
IROHEMRREHZ BT, RFREL DNA I K 2RI N A2 CTH D, T E T
DNA @ ITS f#38k % 7213 THCAS gene, ZE#{A DNA O trnL-F fEk % I L 7=

PCRERY TV A A I PCREIC X 5 KIRE. DNA OERNENIRE ST b 4
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B Lo Lends, ZivoOERETIE DNA A @R (il - 5908 - Bk -
HIE) OBRIEEICBOTHEMERBIEN S . Fl—~A¥ (27T =5 LT
U7 VA A L PCRERE, ERIKIIEEE EOEELNELT D0, REDE
fitil% DNA H &5 i OF - 7o FEREWICIRE S D, DNA D K 2 ERIE 2 E5
JGHE LTHWD72DIZiE, BT M0 <, BEFIEREM TH S
FENEE LV, LAMPEIZ 2D % —% > k DNAFEIKIZK L 4~6 2D T
A~ =% R SEHIET2FETHY, B, EE, U1 NLVAOBEBERILT
HBEE L TURLIERAENTWD 99, LAMP J51X PCRIEICE T 5 2~3 AT v/
DEEHIE 7 0 7T L2 hE L9, 60~65°C O — R E THIME RS SHEIT§
D1, A rFaX—F—REOEREETEMT LI LN TED. Ul T
FEETHVBELE CH D Z L DL EBISHEICERLTERY, HE - 5
HZBEICRIT 22WiE e LTEMEISN TN D Y. F£72, LAMP KIS OHE I
FREZTOMZTHES ZEICLVAIRTIT) ZEbAEETH LD, Foh
A MHEEE LCOBERNIZH LTS, AHFZETIE, LAMPEZ AW,
KIRFED R OB N NE LT L, S OICfSEN 7 12 b 2 — L ORHi

{To 7.
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Fig. 9 Cannabinoids

OH

CaHyq
R=H (Tetrahydrocannabinol; THC) R=H (Cannabidiol; CBD)
R= COOH (Tetrahydrocannabinolic acid, THCA) R= COOH (Cannabidiolic acid; CBDA)
T, R
OH
HO R
CsHyq
0 CsH1y
R=H (Cannabigeroll; CBQ) ) R=H (Cannabinol; CBN)
R= COOH (Cannabigerolic acid; CBGA) R= COOH (Cannabinolic acid: CBNA)
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F—H LAMP {EIC X 2 R EERIEIZ DN T

F—IH FEERMEL - H1E
[E PR LB 7 — & R — AT ER X FL TV D drug type THCAS gene
(accession no. AB212834) & fiber-type THCAS gene (accession no. AB212830)

IZOWTT 74 A2 F&1TVY, Primer Explorer (https://primerexplorer.jp/) %

VT Drug-type THCAS gene ¥ 2 HIZ UG T % LAMP 77 4 ~—t > | (Dt-
LAMP set) % Primer Explorer Z Tkl L7z (Fig. 10). LAMP 77 A <~ —
Yy ME6 ODOHEEEET 4 >DF T A ~— (FIP, BIP, F3, B3) % HAM#E
ELTED, SHITHRUGHEEZF 5 7-9IZ Loop primer Z 1z T\ 5 %), 3%
7t L 7= Dt-LAMP set (& drug-type THCAS gene & fiber-type THCAS gene O IZ&
215 23FT D SNP 2 & A TE Y, & 5I|Z fiber-type THCAS gene ~D R 5L 72
FAMRZ B A 5 H YT F3 @ 3" Rl CHOE IS BRI SOS L7 WERZEFEALT
5. drug-type SR O fiber-type Samt D KIFRE R FEA 1 k72> 5 DNeasy Plant
Mini Kit (Qiagen ft:) % Fv>T DNA #liti L 72 DNA Z 88 Z LAMP K& %17 -
72. LAMP 0%, BOGHEEIT Isothermal Master Mix (B & th= v Ry o—
V) EHWTITo 2. LAMP OGFREEDOFAKIEL, 2xReaction mix 15 puL, Dt-
LAMP set (5 pmol each of F3 and B3 primers, 40 pmol each of FIP and BIP

primers, 20 pmol of loop primer), DNA{&#X 2 uL 20z, #REZ /K T 25 ul
& L7, BUSSAFITEEE IS Smart Cycler 11 Systems (Cephied ) % T
63°C, 20 ¥R G A 1TV 510~527 nm O il E 2 MIE L=, £72, drug-
type THCAS gene % O fiber-type THCAS gene (ZDW T 7 B —=2 7 21T\,

6x10° = °—HUTAE Y+ 5 E %A DNARK & LT LAMP 5521777,
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Fig. 10 Dt-LAMP primer set for drug-type C. sativa detection

F3

071 AAATTTCAATAGCTAATCCTCGAGAAAACTTCCTTAAATGCTTCTCXEAE 120

071 AAATTTCAATAGCTAATCCTCAAGAAAACTTCCTTAAATGCTTCTCGGAA 120
F2 .

121 CATATTCCCAACAATGTAGCAAATCCAAAACTCGTATACACTCAACACGA 170

121 TATATTCCTIAACAATCCAGCAAATCCAAAATTCATATACACTCAACACGA 170
F1

171 CCAATTGTATATGTCTATCCTGAATTCGACAATACAAAATCTTAGATTCA 220

171 CCAATTGTATATGTCTGTCCTGAATTCGACAATACAAAATCTTAGATTCA 220
B1 . Loop 1 > B2

221 TCTCTGATACAACCCCAAAACCACTCGTTATTGTCACTCCTTCAAATAAC 270

221 CCTCTGATACAACCCCAAAACCACTCGTTATTGTCACTCCTTCAAATGTIC 270

~ B3
271 TCCCATATCCAAGCAACTATTTTATGCTCTAAGAAAGTTGGCTTGCAGAT 320
271 TCCCATATCCAGGCCAGTATTCTCTGCTCCAAGAAAGTTGGITTGCAGAT 320

Primer Sequence (5°-37)

Dt-FIP (Flc-F2) KAGACATATACAATTGGTCGTGTTGACATATTCCCAACAATGTAGC
Dt-BIP (B1-B2c) GATTCATCTCTGATACAACCCCAAGGATATGGGAGTITATTTGAAGG
Dt-F3 AACTTCCTTAAATGCTTCTT?AA

Dt-B3 AACTTICTTAGAGCATAAAATAGTT

Dt-Loop 1 AACCACTCGTTATTGTCACT

a In order to avoid non-specific annealing, the nucleotide is designed not to react both types of THCA synthase gene.

Drug-type (upper array; accession no. AB212834) and fiber-type (lower array; accession no. AB212830) THCA
synthase genes were aligned. Primer binding sites are indicated by arrows. Nucleotide differences in used primer
sequences are double underlined.
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TUIH EERGE R
Drug-type R DRFRA) 72k 21T 5 7%, THCAS gene DZAIMEAFER & L
7= Dt-LAMP set Z it L, JBERORrRIELZREF L2, £, Dt-LAMPset &
AW TREE O 21T > 72, R L 7= drug-type SRHE D KFRE DNA % H
THABRZS] (10 ng, 1 ng, 100 pg, 10 pg, 1 pg) Z1ERKL, ZhH AL LT
63°C 20 5> D LAMP [t Z4T->72. T OFEE, 10ng, 1 ng THILM:D & 2 HiE
PR H AL, 100 pg THEILMED & 5 HEEIZER 0 HALd (Positive rate; 2/3), 10
pg, 1 pg CTEIMEA GO b o 7= (Fig. 11a). FrEM: 2R 5720, drug-
type i M O fiber-type &Mt O RIREL)> B i HRE L L 72 DNA % H T LAMP X
InEATH T2 8 2 A, drug-type SBAEICxE LT O AEIENFE D H i, fiber-type ik
I U CHEIE 2338 D H 7o 7= (Fig. 11b) . = 512, drug-type THCAS gene
(accession no. LC120319) K U fiber-type THCAS gene (accession no.
LC120320) (ZDOWTZ m—=27 %47\, THCAS gene (Zxf3 %5 LAMP i~k
BREt L7z & 2 A, drug-type THCAS gene (Z5%F L TR ZRHEIE 2358 BT

(Fig. 11c) .
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Fig. 11 LAMP reaction using Dt-LAMP set.
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(a) The LAMP reaction of 10-fold serial dilutions of purified DNA (10 ng, 1 ng, 100 pg, 10 pg, and 1 pg)
was performed. (b) The LAMP specificity were assessed using DNA (10 ng) of Drug-type C. sativa (White
Rhino) and fiber-type C. sativa (Tochigishiro). (c) The LAMP specificity were also confirmed using
pBluescript vector with drug-type THCA synthase gene and fiber-type THCAS gene and pBlue script

vector (empty vector).
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HIH KRS

Z I E TIZ S drug-type THCAS gene A 4514 & L 7= drug-type S2HE OHERIITED W

71~

K OME SN TN D B9 F 7= R OFER 25 b drug-type THCAS gene
EHT LR THCAGHRDLZ WA TH D Z LML TS 3438, —J
T, KIKELD THCA &H &% 8 % EKH THCAS gene @ SNP IZf£5 7 2/
MEHIZLZDHLDTHLINE I DR THS. T A7 VT h—ARTIZ X
% &, 2R TIX THCAS gene ° 1 B A RERRIKICBIRT 5 B I5 T
DRBENFE > TWDE2D, THCA DERICITIRERNF2E), L0 #HEME
IR e STV D EHERIS LD D). ZD7-%, Dt-LAMPset 1X, SNPIZf 9
72 BREHOAE L BEHET, THCAS gene @ SNP % B2 AR O &
Bz, 725K L DSNP &N —TE Ll LI/ L7z, Dt-LAMP set
(TR LS 100 pg~1ng TH Y, —fki7Z2 U 7 /v % A 5 PCRIE (%) 10~100
pg) ICHARTIRERE TlIdH 5728, &= B —5 0 fiber-type THCAS gene (25t L T
HEEARD LT, SmWEREZA LW, Z0728, Dt-LAMP set 135 & E
RS DERFEARISAICIERRE THH D, KRERESELZ RN L
fiber-type RAcHERF OO DMEEHIZAEN THL LEZEZ BN S.
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5 H LAMP JEIZ X D KRIREEERTEIZ DWW T

F—IH FEERMEL - H1E
[E PR LB 7 — & R — AT ER X FL TV D drug type THCAS gene
(accession no. AB212834) & fiber-type THCAS gene (accession no. AB212830)

IZOWTT 74 A2 F&1TVY, Primer Explorer (https://primerexplorer.jp/) %

W ISR A R & L7 KRB LAMP 77 f ~—% > b (Cs-LAMP set) %
ERE L7z (Fig12). #%#tL7= Cs-LAMP set & AT, KFRE 22 5L & D&t
xR 50 FUBFDFF 72 BUBK D B Al L 72 DNA & #7811 LAMP SOG%1T - 7.
LAMP S, BOGRRERIZ Isothermal Master Mix & VN CTiT-72. LAMP i
AR ORAALIE, 2xReaction mix 15 uL, Dt-LAMP set (5 pmol each of F3 and B3
primers, 40 pmol each of FIP and BIP primers, 20 pmol of loop primer), DNA &
2uL 2Nz, BEZMAKT2 0L & L7z, RO T3 E I Smart Cycler 1T
Systems Z H\ T 63°C, 20 43RG 2170 510~527 nm O a ek & 2 HlE L

7.
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Fig. 12 Cs-LAMP set for C. sativa detection
F3
451 GCCGGAGCTACCCTTGGAGAAGTTTATTATTGGATCAATGAGAAGAATGA 500
451 GCCGGAGCTACCCTTGGAGAAGTTTATTATTGGATCAATGAGATGAATGA 500
- F2 L Loop 1
501 GAATCTTAGTTTTCCTGGTGGGTATTGCCCTACTGTTGGCGTAGGTGGAC 550
501 GAATITTAGTTTTCCTGGTGGGTATTGCCCTACTGTTGGCGTAGGTGGAC 550
- Fl B1 .
551 ACTTTAGTGGAGGAGGCTATGGAGCATTGATGCGAAATTATGGCCTTGCG 600
551 ACTTTAGTGGAGGAGGCTATGGAGCATTGATGCGAAATTATGGCCTTGCG 600
Loop 2 . . B2
601 GCTGATAATATTATTGATGCACACTTAGTCAATGTTGATGGAAAAGTTCT 650
601 GCTGATAATATCATTGATGCACACTTAGTCAATGTTGATGGAAAAGTTCT 650
B3
651 AGATCGAAAATCCATGGGAGAAGATCTGTTTTGGGCTATACGTGGTGGTG 700
651 AGATCGAAAATCCATGGGAGAAGATCTATTTTGGGCTATACGTGGTGGAG 700

701 GAGGAGAAAACTTTGGAATCATTGCAGCATGGAAAATCAAACTGGTTGCT 750
701 GAGGAGAAAACTTTGGAATCATTGCAGCATGGAAAATCAAACTIGTTGIT 750

Primer Sequence (57-3")

C-FIP (Flc-F2) CAATGCTCCATAGCCTCCTCCTGGTGGGTATTGCCCTAC

C-BIP (B1-B2c) ATGCGAAATTATGGCCTTGCGCGATCTAGAACTTTTCCATCAAC
C-F3 TGGATCAATGAGAWGAATGAGA

C-B3 AGCCCAAAAYAGATCTTCTCC

C-Loop 1 TGTCCACCTACGCCAACA

C-Loop 2 GCTGATAATATCATTGATGCACACTTAG

Nucleotide sequence of THCA synthase gene. The upper array is the drug-type sequence (accession No.
AB212834) and the lower array is the fiber-type sequence (accession No. AB212830). The sequences of the primer
binding sites are indicated by arrows. Nucleotide differences in the used primer sequences are double underlined.
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1

KIRELZ R B 72 21T 9 723, THCAS gene i@ a4 4249 & L 7= Cs-

p o

/

LAMP set &kt L, ZORRENORREZBE L2, £, Cs-LAMPset & H]
W TR DR 21T o 72, fTHPEEY U 72 KRB DNA % W TGRS

(10 ng, 1 ng, 100 pg, 10 pg, 1 pg) Z1EREL, ZivoZ§HH L LT 63°C 205D
LAMP it Z4T > 7. ZOFEHE, 10 ng, 1 ng, 100 pg, 10 pg T 20 43 LAPN O 1 A3
RO B, 1pg THENRD SR o7-Z b, BT 10 pg & 4k
L7 (Fig13a). KIZ, RIBRE K OVt FEEE 2 O CRERME O 21T -
7=. 63°C 20 43D LAMP ST IWT, KERE 22 FUBF X Tlxt L CHEIE AR
D BTN, R 50 BB Tl L THEIIEIZRE D Hivled > 72 (Fig

13b, ¢).
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Fig. 13 LAMP reaction using Cs LAMP set.

a
250
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% 200 =
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2100 —10 pg
o
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% 50
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Time (min)
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C. sativa DNA
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N1
P1
=
Z —
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| = 2
3 =
= =}
U g
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;
£ _/\ )
L)
=
f z
I ZE
P22 E.
0 10 20
Time (min)

N30

0 5 10 15 20
Time (min)

(a) Sensitivity of LAMP reaction The LAMP reaction of 10-fold serial dilutions of purified DNA (10 ng, 1
ng, 100 pg, 10 pg, and 1 pg) was performed. (b) Amplification occurred with purified DNA from 22 C.
sativa strains (P1-P22). (c) No amplification occurred with purified DNA from 50 other plant species (N1-
N50).
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=T SEEREER
A, FEOL T RFFHISFEIT The Consortium for the Barcode of Life

(http://www.barcodeoflife.org/) DHELES 2 DNA EZS| (matK, rbcL) <° ITS 78

%72 & D DNABLHZ W2 O3 @) 78 FETH 5. LirL, THCAS gene &A%
HETHHBED—oE LT, ZDORIGTDOHRED O RIRELIZRA DRIz Th
L ERGITHR LT WV E WD ARRT oD, ERFRE CIThh o8511X
HHAD NCNEZRHT 2HELZ N2 20D, — O NTHB LT &
WO RNEHEERER LD, oL RERND, MENO~v—h—L LT
THCAS gene O HiiaE i 2 AEAIZ VT,

Cs-LAMP set DR L 13 10 pg & AR EUE 3 ICFE Y T D ECTh 7=, =
FUTZERKIE DNA 2 % — 47y R & LT U TV 2 A A PCRIEIC K B85 & 12X
HORETH D720 D), KiEx R EOERNED — DI BT+ 5 2 &M
T&E 5. BUSKRIZ20 5 TRT T 5720, —kA)72 PCR Z 53 & 3 2 Bkt
E IS AHGHIZAT ) Z E RN ARECTH o 72, £ 7o, AEIT 50 3B O R ME%
FROIT RIS 59 2 R B2 IR S FR D BT, EWRRRED A LT,
UT#%FE Cd 5 Humulus lupulus (21X THCAS gene & 9 80%AR[FIMENFRD B 5 E
R HERE AT 5 2 ERHE SN TS %, Cs-LAMP set 13 Humulus lupulus

(Fig. 11¢; N:50) IZH S ZRD LR o122 Envn, ARG L TV
L OREADFEIZ 5 L C b IERF A 72 IR A & 2 TREMEI D TRV E B 2 b
2.

Z D7, Cs-LAMPset (2 X 25 LAMP IEITRE M & <, @l B odufls
RIREOERN 21T 5 Z LN TE, ERPHREINEL LTARITHLEEZD
no.
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HEE KREOA A N LAMP HE~D & A

I LML - 5k

%

FRE O (drug-type /e « %, fBRE, 2%, 1R, H3E, fiber-type %&bt :
W), RIESHEE 3 3Bk, Humulus lupulus (2£) - Morus australis () -
Humulus japonicus (%£), Hibiscus cannabinus (33%), Papaver somniferum (i
Hi#) « Nicotiana tabacum (3%) Z BRI E L THWZ. FalBHIx L, B %
7 fii % DNA filit % >~ & version 2 (ke th A x) A AW TR S DNA fifit
wAT o7z, K 3~10 mg DFEME L - SR R-CH Y CREZ LKD) 2267 L
71 U ¥HE T & % Solution A 100 L 202 98°C 8 Ay /MMBVLEE 21T > 7D H, H
FOVAIR CTd 5 Sokution B % 14 pL % /il 2. crude DNA % i L7=. crude DNA %
AR LD O%E 2uL 25Tk 25 L @ LAMP SUSIEIRIZ DWW T, 63°C
20 5y DFE K OHER DR 2 2 SO FIETIT > 7. 1 5HIZY 7V XA L PCR
B2 O TITY,  ZIROHEIC L0 B S 407z Threshold Cycle fif & IREEIIZ 22
g 22 LT, HWREBRMAIFR AT L. 2 D BIX T LAMP SUSIRIC D-
QUICK®® (fk&tth x471) ZINZ, MyAbscope (EX&ttkh x4) Z2HWT
63°C, 20 HMRLUG 21TV, DS DU D BT & 0 HElE O A7 1 2 feRd

L.
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I SEERE R
i % DNA fiiH L 7= crude DNA Z #5754 & L T LAMP (%17 9 fli S8R 7 m

k==& VT, RIBR R RREUBH B2 Mo BREUEH T 6 2 BOGPED IR ET 21T
7= (Fig14). RBREOLAME (drug-type Rt : B, 0FE, X, B, RE,
fiber-type At « B3F), KIMKEAMIE 3 3k, UffE T % Humulus lupulus

(#) - Morus australis (%) + Humulus japonicus (%£), FERERJIZHHEZ LT W
Hibiscus cannabinus ($:32), ERFFROMEYREE L CHETE S5 Papaver
somniferum (ffiH{#)) - Nicotiana tabacum (3€) 75 fEi 5 DNA i 217\,
crude DNA Z @ & L T LAMP )iz Z1T- 7= (Table 6). Cs-LAMP set & v 72
By, RFREHROT X TOREHI G L THEIIEA RO by, BRIz LT
IZHIE N FR O b7y o 7=, Dt-LAMP set 2 V72354, drug-type SR #E DI,
B, B3, KEEIEO 150E (Resinl) THIEAFE O HALZDITK L, EXW
RIEREIED 2 306 (Resin 2, Resin 3) THILMED & 2 FHIRIZERD LR h -
7. F7z, fiber-type ML D KR HLOD R IC M IEUEH I L THEIE IR D &
n7glro7z. Crude DNA O LAMP SUGHEZ fERR 9 5728, £% 18S IRNA &+
kA 4 =7y ML 7 74 ~—F v F 02 AT LAMP {E&{To 72 &
ZA, TRTORBICHIELZMEZRET LI LN TE L. I, AU A Mk
LR RE L, USRI ETERE A TO ISR A, N—2 T /L4
B2 HWTERISEZAT> 72, LAMP RS OIRHRIZOW T EEOA RIS L0 #l
FEFITHOLRINC X2 ERIFRER A LT Y, B A M X285
DHRECH - 7= (Fig. 15).
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Fig. 14 Simple protocol for rapid identification

‘ | 98 °C 63 °c
Solution — Solution ap Evaluation
10-fold Reactlon

Sample
dilution mixture

Simple DNA extraction (10 min) LAMP reaction (20 min)

Procedure of the protocol. The protocol is divided into two processes: simple DNA extraction and LAMP reaction. Simple DNA
extraction was as follows: Samples were lysed with alkaline solution and heated at 98 °C for 8 min, and neutralization solution
was added. A 10-fold diluted DNA solution was used as DNA template. LAMP amplification was conducted at 63 °C for 20 min.
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Fig. 15 Reactivity of on-site protocol for LAMP

Reactivity of on-site protocol for C. sativa detection LAMP (a) and drug-type C. sativa detection LAMP (b)
Simple protocol was performed with drug-type C. sativa derived samples (1; leaf, 2; flower, 3; stem, 4; root,
5; a seed), a fiber-type C. sativa sample (6; a seed), resin samples (7-9; resins), and other species derived
samples (10; Papaver somniferum extracts, 11; Humulus lupulus leaf, 12; Humulus japonicus leaf, 13;
Morus australis leaf, 14; Hibiscus cannabinus seed, and 15; Nicotiana Tabacum leaf).
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BTH EBREB L

INETHE I TS DNAIC L 2ERNTEMA L, FEmHTb
DNA i OFE > 7= EBRENICIRE STV e, 58N~ e b2 —/138 30
Sy CEMATHET, HEESCRIIRZ Y VT IUMCT B2 LT, A3 Matada
ELEERN SRR Th 7. RKIKEABOHICHERT 2 HEL LT 2y /T
BOSMBATEY, ZAETHC ITHT 5 REAEOFEIZ LY KFFERROR
B8R 2 TETH S0, Lo Lans, —mMoREcibtts st
HONTEBY, EROFETITA A MCX D IEME2ENINEETH - 7.
KAFZEDT S ER 7 1 b 3 —/E EREFEIZE A, X500 EWREE Tl A
ITHZENTED. TO7=®, AIEILDNAIZ X B - ik - SEERHZ
Frif e 9%, ALRMESCRHRICKT2MA A7 V—=v T &b L Licklix e
RBUSH IS FTRE 7R BT RNE T D & E X b D.
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/1N
LAMP 512 & 2% RFRELD Rl e OREERITEDBAFE 21T - 72, SRt TL AN

DR H A5 THCAS gene @ drug-type SRt FLHY 72 GE g M OB iRk 2 AR HY &
L7ZLAMP 7 Z A ~v—%t v 2B L, B CR RO 21T > 72, W
TIA4~—ty MIAMIE U+ 0REEZ AL, SWERELZAL T
7z. &56IZ, DNAHIH z il b L7 Z#En 7' v ha—nrzHnsd Z Lick
D, BRx RIEPAERR D HK 30 0 TERIT 2 2 &N TE, SHICAF YA RIS
K DER S HMANZAIRETH o 7. BFE L ICENINEI T RMHER 2 BBy & L7z
TR BECIER A ISR T 2R IE L L OSHATRETH 5.
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KB DR

filf R

« —= LA 7 Z— : GeneAmp PCR System 9700 (Applied Biosystems)

- U7 V% A A PCR Z&(E : SmartCycler 11 System (Cepheid 1)

- IN— X 7 VAR HENREEE © MyAbscope (7 R B RS AE)

- — 2 = % — : 3130xI genetic analyzer (Applied Biosystems)

- DNA fi##r >~ 7 s 7 =7 : Sequencing Analysis version 5.2

- DNA fi##r >~ 7 s 7 =7 : Molecular Evolutionary Genetics Analysis version 6.0
- DNAfi##t> 7 k7 =7 : DnaSP v.5

- WBAENTY 7 N =7 : Image)

- ¥eRHIENT Y 7 N 7 =7 : ROCR package for R, pROC package for R?? %)

- LAMP 77 A ~—i%it Y 7 b U =7 : Primer Explorer (LRSS 1)

fiff RS

- DNA #H## : DNeasy Plant Mini Kit (Qiagen #f)

- fii 5 DNA fHERSE © b 2 01§ 5 DNA S~ b version2 (7 % H kA
)

- 7T A ~— BRI S

- — 27 = AR : BigDye Terminator v1.1 Cycle Sequencing Kit (Applied
Biosystems)

- LAMP J&ER3E ¢ Isothermal Master Mix (RS tt=v R o—0)
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FHRTIE (F—F)
cHAVT R — T R

TR 2 RIRZE 32 T CHURE#E L, DNeasy Plant Mini Kit (Qiagen £t)
AW T DNA i A#1T > 7. filit L7z DNA 2855 & | T PCR )17 -
72, BUSTAIRIE 10xPCR buffer (2.5 uL), 2.5 mM deoxynucleoside triphosphates

(20pL), 10 uM primera (0.5 L), 10 uM reverse primer b (0.5 L), 5
units/pL TaKaRa Taq HS polymerase (Takara, Japan; 0.125 uL) % & efa s 25 L
& L7z, PCR7 T A ~—KUPCR MGHMIFLLFIC/R L7Z. PCR EMIL Fast
GeneTM Gel/PCR Extraction Kit (Nippon Genetics Europe GmbH) % Fv Tl
L, KM 1L 7= PCR EMIZ-SUT primer b-f % F T BigDye Terminator Cycle
Sequencing Kit v.1.1 (Applied Biosystems) (2 XV ¥ —27 =V ARKIEZIT -T2,
MW= 7 T A ~ =Bl R OBOSRTUL FISR L., ROSPEDIIRER%,
3130xI genetic analyzer (Applied Biosystems) % FV>"CykEh/3HfE L, Sequencing
Analysis version 5.2 Z F{\ T DNA Bl &2 i L7z, #5547z DNA BEFIIZ D
C Molecular Evolutionary Genetics Analysis version 6.0 Z W T7 7 A A > h&A4T
VY, SR O R E £ 5 IX DnaSP v.5 & W CHT 21T~ 72, b
THBO gene OFL%| (Lo01~Lo13 4 4 (K, it imeEE 1 EK) 22>\ T

LC269110-LC269162 & L T [E G FLEIA] T — # _X— A (T GK L T=.
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PCR reaction

Number of cycles (35x)
98 °C for 10 sec

57 °C for 30 sec

72 °C for 1 min

Final extension at 72 °C for 1 min

Cycle sequencing

Hot start 96°C for 2 min
Number of cycles (25x)
96°C for 10 sec

50°C for 5 sec

60°C for 4 min

Primer

Primer Name Prime Sequence Length  Nucleotide”
Primer a TAGTGAAGCTCCATAGAAACATTGA 25 1-25
Primer b CCTGCTTTTCTCAGCAATCC 20 522-503
Primer ¢ TGCAGGGCTTGTACACTGAG 20 908-889
Primer d AGGCTGTGTTGGAAGGGATA 20 1190-1209
Primer e TCTTTCCACCGTAAGGACTCA 21 1270-1250
Primer f TCACTTCTTTGCTTCTGCCA 20 1653-1634

*Nucleotide position was based on GenBank Accession no. AB564543
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FEEREL - TTE B

- FEERFIE

JEFE R X 0 2015 AE4RES S U7z drug-type RFED KR O MR (B8, 16/,
2, ) & 1EREZ L=, drug-type RO 21 SLFED KFREL (Table 7 :
P1~21) DI ITM AT H R L 2t 7 — KDz Lo, iRk
JREERERY; LV fiber-type RALDKIKE. (Table 7 : P22) A7Es L7z. KIHKHINE
(IR CIRE STz 33K A Fv 7z, Table 7 o tERUE 50 3t
M Oz B8 5 f  (Humulus lupulus, Humulus lupulus, Morus australis,
Hibiscus cannabinus, Nicotiana tabacum) 134 IR K238 AR CHEE ST

2k Tz,

- DNA f##t

T 2 A 22 35 F Tk ¥y L, DNeasy Plant Mini Kit (Qiagen £t)

% VT DNA i 24T WO R RS B DNA & U TRV 2. DNA R 2 WO FEE
IZEVHEIEL, BEEREMEOBRFHIEHB VT 1.0~10 ng % LAMP & D55 DNA &

ELTHWE.

- THCAS gene 7 u—=>7
1xPCR buffer (TaKaRa, Japan), 0.2 mM of each deoxyribonucleotide triphosphate
(dNTP) (TaKaRa), 0.5 uM forward primer (5—3; GCG GAT CCATGAATT
GCT CAG CATTTTCCTTTT), 0.5 uM reverse primer (5—3; GCC TGC AGT CTA
TTT AAA GAT AAT TAATGATGATGC GGT GG), Ex Taq DNA polymerase 0.625
unit (TakKaRa), 1 pL genomic DNA (C. sativa, Big Bud) % & dekafE 25 uL C

PCR )& %17~ 7-. PCR ElEpEY) & pBluescript vector {22\ T BamHI & Pstl
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Z D THIREERLB AT, T4 7 — a3 VBORE, KRIBEICEEERE 21T
St BFohizZ a— v —r o AL VIERES EREL, SonT
drug-type THCAS gene % O fiber-type THCAS gene ®OELSIZ->\ T LC120319,
LC120320 & L CHEBMERESIT — &2 X—R 28 LTz, 77 A I FiL6x10° =
UYL 0 mRL, FREOMRFHIIBIT S LAMP KGO & & L
THW .

» LAMP )it

POGFRHIZ 1sothermal Master Mix (KAt = v R v—2) ZHWTIT-

72. LAMP FUGEERDFARIE, 2xReaction mix 15 uL, 77 A ~—ig&Hk (5
pmol each of F3 and B3 primers, 40 pmol each of FIP and BIP primers, 20 pmol each
of loop primers), DNA V&K 2 uL 2Nz, #eEEHMAKT25uL & Lz, KIaStt
I ZEEE 2 Smart Cycler T Systems (Cephied %) % Hv T 63°C, 20 43 HiE s
ATV 510~527 nm DEOEH R A ME L7z, HiEdh#R o 2 YOERE bR S

A7z Threshold cycle fiE % 212 SG BRAAIRE R 2 HiH L 7.

55



- i) LAMP 7' A ~—%& v | %0
U-FIP : TCAGGATTG GGT AAT TTG CGC GCC TAT AGG AGA GGG AGC CTG
AGAAAC GG
U-BIP : TGG TAATTG GAATGAGTACAATCT AAATCC CTTATT ATT GGA
GCT GGAATTACCGCG G
U-F3 : ACG GAG AAT TAG GGT TCG ATT
U-B3 : ACT GCAACAACT TAAATATAC GC
U-Loop 1 : TGC TGC CTT CCT TGG ATG

U-Loop 2 : CAAGTC TGG TGC CAG CAG
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Table 7 C. sativa and negative control species names for specificity evaluation

No. Species (product name) [Strains] No. Species (product name) [Strains]

P1 Cannabis sativa L. (Afghani special) [drug-type] N15 Coptis japonica (Thunb.) Makino var. anemonifolia
P2 Cannabis sativa L. (Bahia Black Head) [drug-type] N16 Stauntonia hexaphylla (Thunb.) Decne.

P3 Cannabis sativa L. (Big Bud) [drug-type] N17 Cocculus trilobus (Thunb.) DC.

P4 Cannabis sativa L. (Cal. Orange) [drug-type] N18 Clematis chinensis Osbeck

P5 Cannabis sativa L. (Crystal Paradise) [drug-type] N19 Crocus sativus L.

P6 Cannabis sativa L. (Durban Poison) [drug-type] N20 Valeriana fauriei Brig.

P7 Cannabis sativa L. (Early Bud) [drug-type] N21 Hordeum vulgare L.

P8 Cannabis sativa L. (Haze Special) [drug-type] N22 Matricaria chamomilla L.

P9 Cannabis sativa L. (Isis) [drug-type] N23 Cnidium officinale Makino

P10 Cannabis sativa L. (Leda Uno) [drug-type] N24 Platycodon grandiflorus (Jacg.) A.DC.

P11 Cannabis sativa L. (Mango) [drug-type] N25 Fritillaria verticillata Willd. var. thunbergii (Miq.) Baker
P12 Cannabis sativa L. (Northern Light) [drug-type] N26 Lonicera japonica Thunb.

P13 Cannabis sativa L. (Northern Light Special) [drug-type] N27 Lilium pumilum Redouté

P14 Cannabis sativa L. (Purple) [drug-type] N28 Aconitum carmichaeli Debx.

P15 Cannabis sativa L. (Purple Star) [drug-type] N29 Atractylodes japonica Koidz. ex Kitam.

P16 Cannabis sativa L. (Sacra Frasca) [drug-type] N30 Symphytum officinale L.

P17 Cannabis sativa L. (Shaman) [drug-type] N31 Atractylodes lancea (Thunb.) DC.

P18 Cannabis sativa L. (Skunk Pussion) [drug-type] N32 Glehnia littoralis F.Schmidt ex Mig.

P19 Cannabis sativa L. (Twilight) [drug-type] N33 Artemisia absinthium L.

P20 Cannabis sativa L. (Voodoo) [drug-type] N34 Panax ginseng C.A.Mey.

P21 Cannabis sativa L. (White Rhino) [drug-type] N35 Panax japonicus (T.Nees) C.A.Mey.

P22 Cannabis sativa L. (Tochigishiro) [fiber-type] N36 Hemerocallis fulva L. var. kwanso Regel
N1 Paeonia lactiflora Pall. N37 Armoracia rusticana P.Gaertn., B.Mey. et Scherb.
N2 Glechoma hederacea L. subsp. grandis N38 Foeniculum vulgare Mill.

N3 Astragalus membranaceus N39 Phellodendron amurense Rupr.

N4 Scutellaria baicalensis Georgi N40 Magnolia obovata Thunb.

N5 Anemarrhena asphodeloides Bunge N41 Rosmarinus officinalis L.

N6 Angelica acutiloba N42 Acer japonicum Thunb.

N7 Patrinia scabiosifolia Fisch. ex Trevir. N43 Clinopodium gracile (Benth.) Kuntze

N8 Sanguisorba officinalis L. N44 Amorpha fruticosa L.

N9 Asiasarum sieboldii (Mig.) F.Maek. N45 Styrax japonica Siebold et Zucc.

N10 Coptis japonica (Thunb.) Makino var. japonica N46 Staphylea bumalda DC.
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