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To study diversity and quality control of medicinal plants and crude drugs, we performed loop-mediated isothermal

amplification (LAMP) assays for (1) variety identification of Coptis japonica and (2) species identification of
Cannabis sativa. (1) We employed new genetic and morphological classification approaches to discriminate
between two varieties of C. japonica. Based on the single-nucleotide polymorphism (SNP) of the
tetrahydroberberine oxidase gene, we found conserved SNPs between the two varieties and were able to classify C.
Japonica into two varieties and crossbreeds. Furthermore, we introduced a new leaf type index based on the overall
degree of leaflet dissection. Our new index was able to discriminate between the two varieties and their crossbreeds
more accurately than the conventional discrimination method. Our genetic and morphological classification
methods are useful to discriminate between the two varieties and their crossbreeds. (2) We developed a LAMP
assay for the rapid identification of C. sativa. The LAMP reaction that targets the tetrahydrocannabinolic acid
synthase gene showed high specificity to C. sativa. With a simplified DNA extraction method, the entire procedure
from DNA extraction to detection required only 30 min. Our protocol shows promise for on-site application in

various fields.

[

AT — I T anAKE UTERFFANZHOW LA LM, EELEECEM R EREL R BT
RIS, AEITBROEDICHRKRL TNDLZ LD, TNHDOMEITITMARNTIE G DENELD.
R - AKIITEELEE LTEE LM ENE RSN D), mELHMI L, ET 5 2 &
HEREEL 2> TWD. RBIETIE, EAWY - AFEOZERMEOMI R O EEIEL T 2 BRY
TR OEE - @R B E, MTPRFE S O ERTRIFIEIC X2 Y O ZERMEOfERA,
EREMOERNEZ B A T3 ) 2380, £ L Th AP TFIEORER THh 5 Loop-mediated
isothermal amplification (LAMP) 5% [RBRE | Z %50 L7z,

1 BHAK IHE] oMBEICET 5%

(=

#0E (Coptidis Rhizoma) (355 17 SCiE H R/ T TR A 7 U Coptis japonica Makino, Coptis
chinensis Franchet, Coptis deltoidea C.Y. Cheng et Hsiao X% Coptis teeta Wallich (Ranunculaceae) DR % 1% &
A EBRNTEARZ ) EHUE S, MRS, RO, FRIEOG R EOEFLG IR SN TWD.
ZOHRTHARIZAAET DIFMMIL Coptis japonica DH TV, KFEIFEDOHEEDOREIC LV 1 [7] 3 HHEEE
X% 7 A v L (Coptis japonica var. anemonifolia), 2 [l 3 HEZEIIE U 34 ¥ L (C. japonica var.
major), 3013 HEEE X2 U A4 L (C. japonica var. japonica) D 3 ERIZ/pEIND. BIE, T
& U CUtiET 2 AAREEEIZIE Y NA T LU Z M E LTS, —F, X740 L2 FEY
ELUEEITIHAAT RS E LTHEBEL TOWRWVWEDD, F 7L OEMO SN2 B4 5 2 &
BECMEIRAZIT) ETHOEEREMER CH L. LG IEx 7 AFvLr ot "FoL o2
ERENPBATL2HIRTHY, BIEHAT 240 L o OEOREIT I - HK Z L ICZRENRBD N D.
Zow, BETL2EEROPIEIMEROFEIC L W ERMEZEN TERVLOUIFET D,

AT, FIARAFTT LY ARF Y LY, SOIIIWMERORMBOEINELZHSLTHZ L%
HElz, Jbfei s TERIL 7ok % RIEDOTRRBIRE A AT 24 7 L 2T, Single nucleotide
polymorphism (SNP) F#HTIZ LV 2 BfiA 35 L, SMIEREIC L 286 2 W8 RIVE DB & £ D
HBEFHmL, SEEHE~OSHEHfE L.
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SAbBEHFICA AT A A T LU 14 His (Lol~Lold) 75 6~35 fE{k% 2016 4 6 H~9 HIZERE(L7-.
Feb U AT T L ORIERTE UT, ERPHEN R OEHFRRETFIZHNT, Wb TAHE ]
FeOv THERTSEIE | OJFREY 2 i 13 [R5 2017 4 10 HICERIR L 7Z.

« BB A 4 {8 A B OVRBR T35 4 00 B AR PE B 1 3B 65 3UEHZ DU T Tetrahydroberberine oxidase

(THBO) gene DX A L7 hy—J =V A&ATH T2,

1 EERH T2 1~3MOBEELRIL, BEOANEL/NEROIE 2 HH D EY, F 365 BOMI/NEIC
DONT, FEEZICEVEGT - 2B L. BT — %1% Image] & HWTC, /INED I HEER O
RS, £l NEL/NEROINEZR EZRIE L, SMBTERETELE TdH % Leaf type index 1 (LT-1) M OF Leaf
type index 2 (LT-2) Z#H&MH L7z,

Wk DTGk BEL L= 618 SEFIICER L HEE
Leaf type index 1 (LT-1) Leaf type index 2 (LT-2)

Surface area (mm )
Length of margin and petiolule (mm)
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(Length of margin and petiolule)

LT-1 (mm) = Length from A to B LT-2 =

(EXTTEE I RO =Y
- BAEEEORESNORERH - BEEHNZHKMEICONT

2 EFEAERT 572D DNA ~— I — %8RBT 572, THBO gene D — 27 = X% 4T7->7-. THBO
FANNAARY G RGRE ORALBEETHEL, AIMATHLT I8 Fr_XARY U2~ A
BT A LEESR Ch 5. [EHEEE ALY T — X X=X IR I N TV U AT T L o OREEMEO THBO
gene OELSIT — 4 (AB564543) #I\Z, 774 AL MElToTofR, BEFHIZEN I NI-X 7 47
Lo LR (LC269130), & U XA Lo 1R (LC269150), Hishih o Hd (LC269162) KOt U A
7L OEEER (AB564543) @ THBO gene DELYIT — & O] TEF 12 227D SNP 28 7=, F7z, ¥
I oA L (LC269130) LU AL (LC269150, LC269162, AB564543) DT — & O] T
%, FF9 ET (HEAERCSIFE B 338, 484, 957,974, 1077, 1278, 1500, 1527, 1608) (2 SNP %38 7-.

Surface area

SNP analysis of THBO gene

Nucleotide positiona

. 194 246 338 484 775 957 974 1077 1278 1500 1527 1608
[Accession No.]

THBO gene [AB564543] C G T A C G C C G T C A
Cj-an (Lo6) [LC269130] ' A C * A G T A C T G
Cj-ma (Lol1) [LC269150] * A * * A * * * * * * *

Cj-ma (cp) [LC269162] * /G A * * A * * * * * * *

a Nucleotide position was based on GenBank Accession No. AB564543, b The same nucleotide with THBO gene registered as AB564543



WIZ, AbBE ) TR S L2 A T LA HOWT, LHIM LK OERIN O SNP fEHTIZ iS5 < 2 BfED 55358
ATo 1o, BBRBHEOEMM O —E R H 7= 0 OFEERE (Dxy) 2HH LR, RE< o071
—7 (/=71 :Lol~L09, Z/L—72 : Lol0~Lol3, FHi, K¥) \IHET LN TE. Z0kE
B T ER S T L 1T Lol~Lo9 # X% 7 N F 7 Lo, Lol0~Lol3 & U F L L EfARE L.
*72, Lold TEHEENZAT L AL 2 oD NV—TORIIE L, 2 BRENEES LIZEHTH 5 alREME
MR E NIz, BELEX 7 A "F UL (Lol~Lo9) L& U AT L (LolO~Lol3, FHE, K¥) o7
N—TRNZIE, RAFS T2 4 23T SNP (M EERLS3E B 957, 1077, 1278, 1527) 3@ by, 2 AfEz i
BT DB~ — I —E L THDTHDLZ EE2RBDT-.

- HEREDOFHEN L REEE~DOILHA

XINRF LY ARF T L OBREENRENE TN T 57012, NEOEREIZIE-SW AN
HEFEHE LT-1 X OVLT-2 2 A L7-. &EREHSE O LT-1 OFEHEIZF 7 347 L2 T 3.79~11.16 mm T
bV, BEUAFT L TL00~1.99mm Tholo., FERMEAZ LIZ+ ot 7 EHWCTLT-1ED
LIZLT2 EEHETAZ L C28MAENE LTHOETHIZENARETH 7. IRICLT-1 LV LT-2
DEERIHES) % 7§ % 72 %, Receiver operating characteristics (ROC) f##T 41T >7=. LT-1 X TVLT-2 ®
AUC 11 0.946, 0979 TH YV, LT-2 D AUC WA REIZLT-1 ® AUC LV @V EfE % /R L7z,

BN - IRRE R TSSO X, 2BEMNEAL, RMELEERE (LT, RMAFLET2) BNEET
Lt (Lold) TEREESNIMEIRDMENT 24T >7=. SNPIZ K D08 E% 212, LT-1 OFHEEZ B L7k
B X R_F UL T63550.56mm, Y ANA T LT 1.4710.09 mm, A8MEZAFE T 1.63+0.07 mm T
Hoto. —F, LT-2 OFEEMEIZF 7 AT Lo T11547+£742, BV /NA D7 L 2T 415.10+547.00, 4k
BRET267.50+15.18 L ZNENEADMEZ R Lz, LT2 ZAWEEA, 734 Lt 4oL
YOM, ¥INFU L ERMEROM THEEPRO N TR, BUANFT L & AT
DI THAEENRD LT,

XIRF L ev Y ARF T L% 2EROERN A X0 HMICT 28BN - RREEI I T IR e
7 R U T AR SERE SR, BOARPERETAEY) (C. japonica) DEREMEITR L MEEBICANTHD LE X
bihb.

2. RRELD DNA [ZESW I @Rk

(&5

KRIRE. Cannabis sativa L. 137 Y FO—HFHT, KR O FTRFHCHET T RBRBGHHEIZ LV B L < HIR S
TS, RIKREDOREN RS ThH I T8 A4 RELEYWDH T Tetrahydrocannabinol (THC) I
BWLRAEHZ R T Z LN TS, Frfif 2 RIREOIELCIERE TIX, THC I A ARF I VEEFT
% Tetrahydrocannabinolic acid (THCA) & L CAFEL TWAH. KMEX THCA %< §H T 5 drug-type
R ENFE A EEH L2 fiber-type RAHD 2 RFICKBNT D ENTE D, BARZED K/ OEDK
R AR ZZEE L TVD 28, —OETIE THC OFARICE Y RKFFREZRXSLTWD. BT e/ A K
BILEM O AL BRREIZBET AR ThiL Tl Y, 2 Z#MIZ, THCA synthase gene (THCAS gene) I
BT 63HD SNP BFBD HND Z ENME SN TWD. — RIS, KFREOENNITHE L 2ARE &k
FHREIZ L VITOND. —F, FEERETFES 3D 72 WO TE BB 2RI RN 22 WA RN 35
W, KR DNA I K 28RN ANTH D, ZIVETIZE DNA T K D RERE OFRER RS0 R M IE»
BELAREINTWDEN, EEICEFIGHE LTHWD2DI2E, ERNCAR 2o E IR fEiE T
T2 FENR RO bILD . LAMP EITEIR CHIRS S EITT 2 BEEFETH Y, 6E B -oifas e
BAEEE LA OB CSHENTEBY, &6I4hr3 A MERESE L TCOBERABLAL TV,
AFm LTI, THCAS gene ZAEAYIZ L7z LAMP {£IZ K 2 aWl - {8 73 KRR 509 0 88 71 S OF K IR e e 8 31
EOMSLZ Big LTz,



[ =B L K O 7 E]
< JEBER T XV 2015 HEARkEF S U7 drug-type SRRt O RIREL O &HEMk (38, fEFE, 2%, ) % 1 fEFsE= L
7=. drug-type RAED 21 dLFED KR ELOTE E 7o (TR FT R Z 2t o ¥ — KV EZ Lz, ik
W SERERYS K U fiber-type R D RKIKE 2585 U=, KRIKBHE 3 3B OY Papaver somniferum (3F} 7%
BWFGCHT CRE STV BB 2 -V 72, Humulus lupulus, Morus australis, Humulus japonicus, Hibiscus
cannabinus, Nicotiana tabacum IR K FH MY E CTHE: S L7l 2 vz,
+ Drug type THCAS gene (AB212834) & Fiber-type THCAS gene (AB212830) DIEILEISNIZHOWTT T A
A2 NEATV, 2 Rt O AR M O L@ IR 2 A2/ & L 72 drug-type #:51] LAMP 77 4 v~ —t& v b
(Dt-LAMP set) M OVKEREFEIER] LAMP 77 A4 ~—%& > I (Cs-LAMP set) % &5l L7-. Dt-LAMP & T}
Cs-LAMP set Z JHUVN T, KRB SHfiH L7z DNA 28 & LT 63°C, 20 43D LAMP G &AT>72. fif
SN 7 m b2 —LTiE, iS5 DNA fili 2470 crude DNA Z 857 & LT LAMP S 21T - 7.

(EXTTEE I RO =Y

- KREDA % A4 b LAMP #E~D )& A

ffi % DNA ffitti L7z crude DNA # ##5 & L C LAMP UGS #4T 9 fli S8R 7' v b a2 — L& Ep L, KH#k
BB R Mk FREREHZ 69 2 SOSE DG 21T > 72, KR O AR, (drug-type R0 : 3, 16, %,
R, B35, fiber-type Rkt : KIF), KBREMIAG 3 508, Tkl T 5 Humulus lupulus (3E) + Morus australis

() « Humulus japonicus (%), WRERJIZMIE 2 09\ Hibiscus cannabinus (32), ERFZOMEYRE &
L CHE S5 Papaver somniferum (fH#¥)) « Nicotiana tabacum (3) 755 DNA flitH 217V, crude
DNA %58 L L C LAMP [t~ %1T > 7-. Dt-LAMP set & 72854, drug-type 258D — I OFECIdfs
ZEN LGN DD, FESLRER EOMM CIIHENEOH HHEENFRD bive. E7z, fiber-type K
DR ORI RN X U CIEFF A 2R 1358 S 72 x> 7. Cs-LAMP set & W 72556, R
BEHRO T N TOREHI & L THIEATRD by, M ISk U THIERE O bigenolz. 61T,
F YA MR DEMNEIRE L, FONREITHERRE L TOSIRIZINZ, RA—&% 7 VEE L A
THRISZEAT > 7. LAMP SUSTRIE O 212 X 2 8l RITFEOCHRHEIC L 2@FER L ETHY, Bl
FRROEEEALTLCHIELIENT 22N TER. UEOREREY, RETTTOIRN 30 45T
TI A - flERKREDA A NMERNEE L THEBHRICHNARETHL EEZXHND.

Simple protocol for C. sativa identification.
fBEN T ha—n

n 98 °C n r\ 63 °C

Alkaline 8 min' Neutralization 20 min >
Solution Solution et . Evaluation
10-fold Reaction
Sample dilution mixture

Simple DNA extraction (10 min) LAMP reaction (20 min)
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ASKITIREMICHRT D720, ENOOMEIFTLARTIE O DS NAEL 5, EHEY - 4
FIFEFEMERE U TLE LI mEDNER SN D 72D E O il X OHER L E SRS
ThD, AFFETITELFAERE [HHE) BLO TRKE] Z20RICEHEEORA L N EE
YOS Z BRI LT 5, [FEE] 35T Coptis JBOREXICHKTHAEHETH D, b
Fietth 51213 Coptis japonica @Zﬁﬁiocl:()\tljlﬂa'ﬂ@%%%ﬁ% IR EURRIRE L TV D, A
/\Eﬁﬁ???@ i Cd 5 Tetrahydroberberine oxidase B n M DFER., 2 EBFEENTH

IZRp A7 SNP 280 7-, Z® SNP Z IR Z 2 BFICFET D & & bIZHEFED
fAEDH BN LT, & BIT 25 AR 2 B I8R5 nTBE 7R NS IZ B I JE 5 < RIEE D
BRI B Eh L=, [ RRE]) K& Cannabis sativa X7 VRO —FH T, ArE-o#Ig
VLR FRERE TRE L < HBR ST B, il s 1 72 KR L 0D SR 5 M OVFREE I D e N7 &
Hfs L. FEEICHMEICENA A MERNEE L COBTEREN AT 5 LAMP JEIZER L
72. THCA synthase gene MO ZRIGEN Kk O HamiE 2 /) & L, 20 % @}iﬁﬁﬁ#%’ﬁ’(%;ﬁeﬁ’]
IRYENE 21T 5 2 L 3 A[REZ LAMP 77 4 ~v—tk v kwpxﬂJriootU;MﬁFE)’z“E IRH LT, Z
AU ORCFIL A 2 EEMEION 2, B RO AZK PSS X ONEEZSIFICBIT 2 EIRD K
&< FELZBSIARRmIOE L (BIEERY) ITET D &L,




