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In Japan, mitragynine, 7-hydroxymitragynine and Mitragyna speciosa KORTH. (M. speciosa, ‘‘Kratom’) were
controlled as Designated Substances under the Pharmaceutical and Medical Device Act from March 2016. In this study,
the origins of 16 Kratom products obtained from the illegal drug market in Japan were investigated by DNA analyses
and LC-MS analyses. When the PCR-restriction fragment length polymorphism (RFLP) was performed using the re-
striction enzyme Xmal (as reported by Sukrong et al. to be able to distinguish M. speciosa) , the same DNA fragment
patterns were obtained from all 16 products. On the other hand, as a result of the identification of the plant species of
each product by nucleotide sequence analyses, the sequences of M. speciosa were detected in only 14 products. Despite
the facts that mitragynine and 7-hydroxymitragynine were detected also in the other two products by the LC-MS ana-
lyses, M. speciosa DNAs were not amplified from these products by the PCR. Moreover, the DNA amplicons of the
other psychotropic plant (Mesembryanthemum sp., e.g. ‘‘Kanna’’) were detected. This plant PCR amplicon has the res-
triction site for the Xmal at the same position of the M. speciosa PCR amplicon and it is difficult to distinguish ‘‘Krat-
om’’ and ‘‘Kanna’’ by the conventional PCR-RFLP. When the restriction enzyme Xhol was used simultaneously with
the Xmal, the specific DNA fragment was only observed from the M. speciosa amplicon and it was possible to distin-
guish both species using this improved PCR-RFLP method. This method is useful to identify the origin of Kratom
products distributed in the illegal drug market.
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7 H BT @ 3 % Mitragyna speciosa KORTH.
(M. speciosa) \SHRFHET DOT7 In EBMHBICHAT
%4-16m iZEDHERBTH 2. RHEAIC, HET
DT OREE DI T, B/ iERu L 2 E kA
OBRICLIED LT, ERFEZ @ D57 B
AEINTn5, 1 EE2uEIE72 01 Kratom %
Biak-Biak EIHIN, HBEEZAST AN ORAE L
LTHWSNTWS, 9 Z i £ TIZ Mitragyna &
Y Dkk 2 IR BN 52 < DT IV B A RAVFE
EWDZINTNBEN, TOHRTHEIZENSHKREE
1% Mitragynine (1) & O} 7-Hydroxymitragynine
(2) (Fig. 1) 13 HBIEIERHZzE T2 7))L oA
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Fig. 1. Chemical Structures of the Alkaloids Investigated in
This Study
(1) Mitragynine; (2) 7-Hydroxymitragynine.
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Yy - BYMKIFE Y > 4 — (Buropean Monitoring
Centre for Drugs and Drug Addiction; EMCDDA)
IZK 5 2008 £ & 2011 FEDA > —F v MAEKICK
UL, kratom 135 B JA < G S 11T 2 FrlE
BIE¥E (New psychoactive substances) @ 1 DT
Ho7. O W DNOETIIHHI ISR TH 20, H
ETHA ¥ =%y b LT DOI|RFY 1 MOELT
LTHo, EaepitlEozgsl, H177v)l, X
i E L TIRGES N T WS, KETIZ, T4,
kratom OFELHAMNEZEL <ML TN S.? HATIZ
2000 FEfREHN S [BFHF) REELTEBBRI v T
mGIciE L, BEANGER SN, 2016 43 H,
Mitragynine, 7-Hydroxymitragynine, & O Z 15
o a S H T DR M. speciosa (Mitragyna &2
JEd Bt L DM E T A, EHHIZADHKIC
EHATREZRIZIRD B DITIR D) 1, 3RS
FIRICBNWTHREEY & LU THRBIE N, IHEEY
& U THBlIE N =H% & U T Salvia divinorum 12
ME2HIEHTD 5.

M. speciosa ® DNA % W= #iik & LTI,
Sukrong 5 7% Mitragyna @ ¥4 4 ¥ (speciosa,
diversifolia, hirsuta J% U8 rotundifolia) 12 B} 3%
speciosa @O PCR-H R Z W F £ 2% (restriction
fragment length polymorphism; RFLP) 7% /=%
MiEEHREL TWD.® £/, Maruyama 513 AR
ZENGERE RS v 7 TBIZREL TWa M. specio-
sa ZAEESWICERL, TOEHEICDNTH
HLTWS, 9 X512, Kikura-Hanajiri 5 23F1 5
0 25 X 15 Mitragynine & U8 7-Hydroxy-
mitragynine, £/ Z DM > R—I)L 7)o K3
o DERSTEHEL TS, 10

AWFFETIE, 2015 4En 5 2016 FIfGHR KT v 7
ELTHBEL TWeEME A8 D55, Mitragy-
nine SR I N 16 EHREHY, #EPo
Mitragynine % 7} 7-Hydroxymitragynine @ & &7t
Z{75 & & BT, DNA HEEEHZ H Wiz fayfEo
FEZ{ro7/k. £, /KD PCR-RFLP EIZL 5
M. speciosa #HFEIC BN TRHEZ S S 3]
REtEAVRIB I N D HEMFE AR L 72D T, ZDHE
EERE L.

3 A5 &

1. SHERORE 2015 5 2016 FI2 AF

Ll RSy 785 @ 5%, Mitragynine 73 Hi
Iz 16 "W (No. 1-16) Zikkl& L7z, 16 B,
OEIEREIL, MR 13 85 (No. 1-13),
H17IVAI3 8 (No. 14-16 55 No. 15, 16 13[H]
—DEADHNTIV) THO, W7 3EFOH
bW OBMEm Th >z, HHHAESRELT,
Mitragynine % Cayman Chemicals (Ann Arbor),
7-Hydroxymitragynine % Cerilliant Corporation
(Round Rock), EEDHTITHIT 2 NEEYE D
Betamethasone valerate & & 1+ 7 « )L A FOYEHli K
K XOBEAL ., HHERKROKEA BT,
Ultrafree-MC (0.45 um filter unit, Merck Millipore,
Bedford) &M Wiz, ZOMODAEK U LC-MS #
FFIARIE HPLC 7' L — RZ2H Wiz,

T B OB EEZ, MM-300 (Qiagen, Venlo)
ZRWTIT> /2. &bk 5 O DNA Ofifi - k%
121, Maxwell 16 Tissue DNA purification kit & I8
Maxwell 16 (Promega, Madison) %\ /=. PCR
B35 & L C TaKaRa Ex Taq® Hot Start Version
(Takara Bio, Kusatsu), PCR XJEit# & U C Amp-
direct® plus (Shimadzu, Kyoto) ZMW/=. > —7
T2 A BRI 1E BigDye™ Terminator v3.1 Cycle Se-
quencing Kit (Thermo Fisher Scientific, Waltham)
ZMHH L7z, il EE#E Xmal, Xhol | New Eng-
land Biolabs (Ipswich) 75 EA L 7=,

2. Mitragynine, 7-Hydroxymitragynine O &

2-1. AHOFAR WYk A& 20 mg % & D I
0, WNEHEY)E & L T Betamethasone valerate (20
pug/mL) ZIRMU 7z 80% A% J —)L/K¥E#R % 4 mL
A7z, WA Z 1| REEE S e — B iRE L,
7 1)V F — AT LC-MS HIE Ak E L.

2-2. LC-MS 7#r&ft & . [UPLC] ACQUITY
UPLC/ [MS] Single Quadrupole Detector 2
(Waters, Milford), #7715 A : Atlantis dC18 (2.1 X
150 mm, 5 um, Waters), fZE1fH A : 10 mM F£EE Y
CEDULRER, BEMHB: AY ) —), TSP
T h4ft: A/B80/20-30/70 (35min, 10 min
hold), ¥#ii# : 0.3 mL/min, /15 AR : 40°C, 1%
A& 2ul, B ¥ 13— RY LA ttd (€=
&Y 7 PE UV 254 nm) R OVE BHH S

HEhEt (42 L7 b AT L —
AF 24 ESD %, RPT 1 TE—RK, BEEsT
A N, 800L/h, iy AR : 400°C,
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d—2FF 30V, FrETU—2ETE 2500V, H
TEHIPH © m/z 150-600.

2-3. BREBOEKR  BEMIT, Mitragynine
BEUE VR Wk % 1-200 ug/mL, 7-Hydroxymitragynine
HEYEF I Z 10-1000 ng/mL O #IFH THEL, N
EYVHIZK T 55O — 7 HIELRN S IERL
7z, EEAWEOFMICDOWTIE, RIS 7.

3. DNA f#&#f

3-1. DNA O il (10 mg) 72 5mm
DINAZTE—REEBITT YRRV TFa—T
2mL) ITAN, WEERTHIES B RITHIEL
7z, U= %k 2 Maxwell 16 Tissue DNA
purification kit N DV IR I REE - VML, Max-
well 16 % 1y T DNA Z i - FE U/, [
DNA 75, % 200uL 10 14l % PCR ZJsi2
Wiz,

3-2. PCR-RFLP %(C &k B M. speciosa @ & 5

Mitragynine 23k X 417 16 L {H X DR L 72
DNA &k 28802 W, Sukrong » OHIEITHEN,
ITS-1 f5) Z & ¢ DNA Wi/ Z g L 7. 8 PCR X
Jaik 7.0 uL % il fR B% 5% Xmal 10 unit T, 37°C, 4
RFRTALEE L, 72°C, 10 pfIANIE L, BEsRZ2Ri6 S
Bz, RINEREEZE 2% 7 T 0—RA7 )V EKIKEIC
L, DNA Wi Doty —> 28 L7z, fn
T4 —%&LNFITRT.

ITS-1 primer; 5-TCCACTGAACCTTATCATTT

AG-3

In-18S-25S-3’R primer; 5'-GACTCGATGGTTCA

CGGGATTCT-3

3-3. HEMO DNA FEERINBER A EIK
DNA &R 2 58 & U CEfk{k DNA L O trnL-
trnF, rbc O & A, % DNA Lo ITS ik %, fE
MZBNTREEOEWES 2 EI U TERE N
I=N—I)V T T4 < =D&\, TaKaRa Ex Taq
Hot Start Version }2 U8 Ampdirect plus 2 L,
RTOFIEFEBED ICHB L2, 28% 10uL &L T
IFo7 %5 T PCR #EZE1T5 7= (95°C 180 s;
94°C30's, 54°C30s, 72°C90 s, 30 cycles; 72°C, 300 s).
1% 7 70 —ZA7 )VBEIIKEIT I DN R 2R
%, RUIZFL 7)) a=)ikEE{TW, 1L
K=V I RAETo. — 0 L2 ARIBITIE,
BigDye Terminator v3.1 Cycle Sequencing Kit %
VY, fEMTIZ Applied Biosystems 3500 (Thermo Fish-

er Scientific) ZfFH L. HWETIF14<—%2LF
IR

trnL-trnF forward primer; 5'-CGAAATCGGTA

GACGCTACG-3

trnL-trnF reverse primer; 5 -ATTTGAACTGGT

GACACGAG-3%

rbcL forward primer; 5-ATGTCACCACAAAC

AGAGACTAAAGC-¥

rbcL reverse primer; 5-GTAAAATCAAGTCCA

CCRCG-3

ITS forward primer; 5-CCTTATCATTTAGAG

GAAGGAG-%

ITS reverse primer; 5-TCCTCCGCTTATTGAT

ATGC-3

3-4. PCR-RFLP % % F \\ 7= M. speciosa & U
Mesembryanthemum BHEH) D AT i FL A5
MrOfE S, M. speciosa & [RE S 785 No. 1-4
&, M. speciosa E3 75 2 fEYFENEE S /-8
' No. 15, 16 &, Sukrong & D HEDLEEEL T,
PCR & 7.0 uL 7 fill B % 3% Xmal (G8 3% ic 51
CCCGGG) KUt Xhol GFE#AL4 CTCGAG) # 10
unit ¢, 37°C, 4 B ALEE L, 72°C, 10 7 RIHniE
L, BRZIESE. biREEZ&A 70—
AT IWVEZIKE Q%7 HAO—2Z, 100V, 15 min)
(2L, DNA Wifr O8NS — > 28 L 7z

1. &! & fh © Mitragynine & 7" 7-Hydroxymi-
tragynine O F £ 77 T 2015-2016 FFIZ AF L /=
EYRER K Z v 27 16 & (No. 1-16) IZDWT,
GRS % LC-MS T L 725 5R, 16 B3 X T
/N 5 Mitragynine (1) J& U8 7-Hydroxymitragynine
(2) I/ (Fig. 2). EEFEHFE % Table 1 12
R9. B No. 1-11 XY, 717 )L H| No. 14 12
DNTIE, EOMHLAEDBDTHHEZEZLN, £
DRk 51 &1 Mitragynine 7)Y 17-23 mg/g, 7-Hydroxy-
mitragynine 2% 24-39 ug/g FE ThH>7=. ZOEH
B OFE R & i U C, 7-Hydroxymitragynine
MI07D 1 IBEORETH /2. 102 7z, Hi
No. 1-9 [Z[F—k7emOEMHEEZ 5N, Hifh, A
RIPMEEE DNy r—PICRE I N TV, FREO
MADEFNIE TR >TWEDN, 2RITOEHEE
WERFEAESAONEN Dz (Table 1), faFH &
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A) YV 254 nm 1
(A) @ }
; IS
N N A
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Fig. 2. UV Chromatograms, Total Ion Chromatograms, and Mass Chromatograms of the Extracts from (A) Product 1 and (B)

Product 15

1, Mitragynine (m/z 399 [M + H]*); 2, 7-Hydroxymitragynine (m/z 415 [M + H]* and 433 [M + H + 18] *); 3, Mesembrine (m/z 290 [M + H]*).

B EICBE L TlE, kRS2 DS OTIV O R
By DEAHIT, EROEHRICE > TEVWAIA LN
EOMEND S, D —F, B No. 12, 1313, fll

KD B 2R DOEREENE <IN, KT
No. 13 OHFd 7-Hydroxymitragynine 13, 137 ug/g
CEHBOK4EEEHEERETHD, MR EzaEE
OB ARITHRIFMU 2" O AR N E A 5 N7
7%, W HEE No. 1-11 KT, 51 7% )L# No.
14 LFEUKEOMBELEZDBDEEZ NN, Bk
HOBEHEHC, DT RIVICANSIREMTE b
2T, A EIZDWTHM#MERITEEHERh->
7=. F7z, No. 15, 16 DG TIL, WG EHIZE
AR Mo 7z, ARG ® No. 14K, BTt
IV DHEIIHEY DY T o > 7273, 5T
N, HEERPNBEOWRKRTH 72205, HIORE
AR, MO D R REMERB I Nz,

2. PCR-RFLP % (C & % M. speciosa O & 5

Mitragynine }¢ T8 7-Hydroxymitragynine 73 H &

Nz2 16 84K 0 DNA it 2772, Wind
Y AT, ™EkO DNA fif3F Y s &AW HH
ETTH2ITDNADNEBELSNSHRETH - .
Sukrong 5 DW= 7 T 1 ¥ —% ) PCR #HiE %
friy, HIPREE#E Xmal 12 & % HlREEFEUE 2175
7=, 2HLE /M55 300 bp & OF 100 bp @ DNA W
I, BES SFEROBENME O NI &
M5, FFLOHER (Table 1) & T, WIh
DR H M. speciosa TH 5 EHEFE L 7=

3. BREAOEBREEIIRT  HEHOEN - FE
I WS NS EERIK DNA L0 trnL-trnF, rbe, ¥
DNA b ITS fHE Z SElEee, 508 pEY O HE Kl
FlZERE L, EEREER ST —% X—Z (DDBIJ/
EMBL/GenBank) 28I N TWBEN] & L
7z,

10 No. 1-14 13 M. speciosa TdH % Z & 135k <
RMEXNT=. truL-trnF f8B (O e %k 882)
rbeL fEIS, (D HHEHEE 509) 12BWNWT, 148G T
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Table 1. Concentrations of Mitragynine and 7-Hydroxy-
mitragynine in Commercial Kratom Products

Product Forms Mitragynine 7-Hydroxymitragynine
No. (mg/g) (ug/g)
powdery dried
1 leaves 18.0+0.14 25.4+£2.20
powdery dried
2 leaves 22.2+0.09 34.2+2.44
powdery dried
3 leaves 21.5+0.16 33.0+2.78
4 powdery dried 5, 74 0.45 33.7+3.16
eaves
s powdery dried 1544 0,07 26.7+1.84
eaves
6  powderydried 1951 0.10 29.7 +2.09
eaves
powdery dried
7 leaves 20.4+0.14 34.6 £2.54
powdery dried
8 leaves 18.7£0.10 29.4+2.39
powdery dried
9 leaves 19.6 £ 0.16 32.5+1.24
powdery dried
10 leaves 17.3 £0.01 38.7+1.79
11 powdery dried g4 0.11 2474 1.23
eaves
12 powdery dried 51 54 071 74.5 £ 6.92
eaves
powdery dried
13 leaves 59.3+0.88 137.1 £19.16
14 capsule 17.7£0.16 31.4+2.70
15 capsule 9.2+0.16 6.2+0.27
16 capsule 9.4+0.15 6.4+ 0.59

+S.E., n=3.

RTT—HL, F—FX—Z D M. speciosa &t
fid %] (Acc. No. KC737823, KC737719) & 100% —
HU. /=, ITS L (Ol EL 734) TIZ,
14 LG 13 8T L, 7 X—2%&REF
(Acc. No. JF412826, JF412827) Lid 2 HEDEWN
MH BN, B No. 11 DHAFT —& N— ZERERHED
Fl& 4 HDENEH T DIHEBL)HER S 17273,
BEBONVTNORNEFT —F X=X LD M
speciosa & B = WELHEEBIME 2 R L 7= (Table
2). ¥/, E@ETHD M. parviforia (Acc. No.
JX856480) , diversifolia (Acc. No. AB249646) , hirsu-
ta (Acc. No. AB249647) 1%, =i £ 10 HEHLL
FoEWRA SNz, BEO—ERITIXTFER (1) )
2 M () NRHEINTWEIHDbA LN
S, ST U SIN 51, EDERITIHAS
nism-orz.

4 4 @ Chulalongkorn K2 D 3% 7 )L — 71
Ko THEBEEEE YT —4% X— X 1iZid M. specio-

sa \ZB LT 2 fH O ITS AT SN TN S,
M. speciosa ‘‘red-veined variety’” (Acc. No.
JF412826), M. speciosa ‘‘white-veined variety’’
(Acc. No. JF412827) TH5B. ZD2 DOEFEMNS
HEES N7z ITS s DELS 744 HHENS 100% —Z L
T3,

— %, #§ No. 15,16 Ti, mi# ke H M.
speciosa DECHNIMH EINT, Mesembryanthemum
(Me.) JEHEY) & & W ECFVFRRINE 22 7% 9 Bl A1 2348 HY
N7z, trnL-trnF f8I T3 Me.  tortuosum (Acc.
No. AJ558063) f U} Me. ladismithiense (Acc. No.
AMI161449) & 1HHEDENTH > (892/893).
ITS fE i Tix Me. ladismithiense (Acc. No.
AJ582938) & 5 A (585/590), Me. tortuosum
(Acc. No. AMI162402) & 3HEEDENTH >
(325/328). rbcL 81 Tld Me. crystallinum (Acc.
No. KM016695) & 100% —%( L7z (522/522) (Ta-
ble 2). LLLEOFERMS, FEMICE NS EEHE
Y##1T Mesembryanthemum J@FEY) ON< I X FF}
AL TUT TR LBHEY) TH2D I ENREE
N7z, ¥:IT, trnL-trnF fEIE0 ITS SIS HFET
5, —RICHEMTHERNLALND I hO>
R ZNR—H—EBALIT BN T OEHEELIE D S,
RIRBHET ORERN S, REG OHEYFEIL Me. tor-
tuosum, Me. ladismithiense % U < 1% D3E#fE T
BB EMNRBINZ. UL, EBREEEYT—
HANR—=ZLIZRBEINTWD LEEEYE (J8) ©
DNA 51 8 2 Z L <, Me. tortuosum, Me.
ladismithiense @ rbcL fEISDOECH G ©HEF TR
INTWRNWIERENS, MOREICIEESRR
m o Tz
[= Sceletium tortuosum (L.) N.E.Br.!419] “Kanna”
W, MY 7UNEEOCZAEYTHD, H<Nn5HE
FNRR EERAMYE L TRIHINTWS, £,
o hZCHEERDIAAMRE, PDE4HEEEZHET
% Mesembrine (3) B Y )L hoA RE2EHT 54
e & L THISNTHD (Fig. 1), LC-MS 7
IZBWT, AEE NS H Mesembrine (3) 23 H
INTW5 [Fig. 2(B)]. %7/, %5 No. 15, 16 )
5 I Mitragynine ¢ U8 7-Hydroxymitragynine 7% &
HENZIZHnnb 5T M. speciosa D DNA [ %]
MM I NN l=2 &6, ARG, ik M.
speciosa DHIHWE L IR Z2HRMLZHDT

Mesembryanthemum  tortuosum L.
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Table 2. The Best Matched Species in the BLAST Search Results of the trnL-trnF, rbcL and ITS Regions for the Plant Species for

Which the Corresponding Sequences are Published in the GenBank

Product No. trnL-trnF rbcL ITS
1 Mitragyna speciosa Mitragyna speciosa Mitragyna speciosa
2 Mitragyna speciosa Mitragyna speciosa Mitragyna speciosa
3 Mitragyna speciosa Mitragyna speciosa Mitragyna speciosa
4 Mitragyna speciosa Mitragyna speciosa Mitragyna speciosa
5 Mitragyna speciosa Mitragyna speciosa Mitragyna speciosa
6 Mitragyna speciosa Mitragyna speciosa Mitragyna speciosa
7 Mitragyna speciosa Mitragyna speciosa Mitragyna speciosa
8 Mitragyna speciosa Mitragyna speciosa Mitragyna speciosa
9 Mitragyna speciosa Mitragyna speciosa Mitragyna speciosa
10 Mitragyna speciosa Mitragyna speciosa Mitragyna speciosa
11 Mitragyna speciosa Mitragyna speciosa Mitragyna speciosa
12 Mitragyna speciosa Mitragyna speciosa Mitragyna speciosa
13 Mitragyna speciosa Mitragyna speciosa Mitragyna speciosa
14 Mitragyna speciosa Mitragyna speciosa Mitragyna speciosa
15 Mesembryanthemum tortuosum Mesembryanthemum crystallinum Mesembryanthemum tortuosum
16 Mesembryanthemum tortuosum Mesembryanthemum crystallinum Mesembryanthemum tortuosum

Fig. 3. The Sequence Alignments of the ITS-1 Region of Products Nos. 1-4 (Mitragyna speciosa) and Products Nos. 15 and 16

ITS-1 1:TCCACTGAACCTTATCATTTAG--—-—-=—=—=————c—cocmmemme 22
No.1- 4 1: TCCACTGAACCTTATCATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCC 50
No.15,16 1:TCCACTGAACCTTATCATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTICC 50
IN-188-258-3'R 01 ==== == === m oo o e o 0
ITS-1 22— e e 22
No.1-4 51:GTAGGTGAACCTGCGGAAGGATCATTGTCGAATCCTGCAAAAC-GCACGA 99
No.15,16 51 : GTAGGTGAACCTGCGGAAGGATCATTGTCGAAAACTGCCTAGCAGAACGA 100
[N-188-258-3'R 01 === == === === = o e e e 0
ITS-1 2 1 e e 22
No.1- 4 100 :CC-GTGAACCCGTGTTAACA-[CCCGGG-CGTCGGGTGGCCGTGGAGACT 145
No.15,16 101 :CCCGTGAACACGTTTACAAACLCCGGGRGGGACGCGTGCGGCTCGCTGC- 149
IN-188-258-3'R 0 ===m === == oo e e e e e o 0
Xmal
ITS-1 22 - 22
No.1-4 146 : AAGCCCTCCCTTCCTTCCCGGCG-CTCCCCGCGCGCTAGTCGCGCGGARA 194
No.15,16 150 : ATGCCCTCCCCCGCCGCCGEGEGEGCGCTCCTAGCGGGCGGCCTCCGGCGA 199
IN-188-258-3'R 0t == == == oo oo 0
(TS-1 R e e e 22
No.1-4 195 : ACGTAACTCAAACCCGGCGCGGAACGCGCCAAGGAAAACTCAATAGGACT 244
No.15,16 200 : AAC-AACG-AACCCCGGCGCGGACTGCGCCAAGGAACA-TGAACA--AAT 244
IN-188-25S-3'R 0t == == = o o o o e 0
ITS-1 R e 22
No.1-4 245 : GCCARACCCCCCGATGCCCCGTTCGCGGTGCHCTCGAGRGTGCTGCGGCE 294
No.15,16 245 : AGCGTGCCCCCCCECECCCGETTCGCCG-GCGCGCGGTCGTGGCACCTGT 293
IN-188-258-3'R 0 tm= === m oo m oo m o oo 0
Xhol
ITS-1 22 e e 22
No.1-4 295 : CCTGTCTAATCCAAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATC 344
No.15,16 294 :CCA-TATTATTAARAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATC 342
IN-188-258-3R 0 :m=mm == m oo oo - 0
ITS-1 22 e e 22
No.1-4 345 : GATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCG 394
No.15,16 343 :GATGAAGAACGTAGCGAAATGCGATACTTGGTGCGAATTGCAGAATCCCG 392
In-188-25S-3'R R e L L L L P e L e AGAATCCCG 9
ITS-1 22:--——mmmmmmmm - 22
No.1-4 395 : TGAACCATCGAGTC 408
No.15,16 393 : TGAACCATCGAGTC 406
In-18S-25S-3'R 10 : TGAACCATCGAGTC 23

(Mesembryanthemum sp.)
The square boxes are the restriction enzyme sites. The ITS-1 is the forward primer; The In-18S-25S-3'R is the reverse primer.
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HBHEEZSN. TNETIZ “Kanna” (THNT
&, KR OREHIEMER > EHA GO
(BLA) dMEPINTWS, £k, 125 —Fv
N EOESRTEY A N TH AW O ALY
ZREALNTHD, 5%, HAENTOIEHEKOD
FOENEEH I NG, 7B, AWEHOHMEIL, EY
TUADA—=FT—M5E A N L AR RABKEE 2 &
WHEHTYARELTHRESNTNS, 1®

4. PCR-RFLP % # B \: 7= M. speciosa B 1°
Mesembryanthemum |84 D MR ¥ LR D RS
oM, HEEECBIRAT O 2 DOEBRFERICBWT,
i No. 15, 16 | Sukrong % ® PCR-RFLP £ Tl
M. speciosa T2 Z ENIRMBEI NN, KBS
fRMT4E STl M. speciosa ® DNA I X T
72\, F D7, PCR-RFLP iEIZ B 5 HEH1T,
5 No. 15, 16 T, HIfEEESE Xmal 12Xk D Uk &
Ny, kI Thby A XINERZLZN R (2
) NHBT L EHREINL. £ T, PCR-
RFLP [T W\ 5 &85 515 5072 PCR EY DI
HEH Z FEM I Uz (Fig. 3). ZO#EE, MW
HE¥FED PCR FEMITH1T % DNA ELF D IZIE[F U
& (Mesembryanthemum sp. 122-127 bp, M.
speciosa 119-124 bp) ZHIBREEFE Xmal OFE:EF
CCCGGG NFMET B Z EMHSNETRD, PCR-
RFLP £ T, WY TCRBROMERMNGEONDS I &
MBI BN &7 7~ [Figs. 4(A) and (B)]. F7=,
EFIERAES T — & X— 2 EICABIN TV S Me.
tortuosum (= Sceletium tortuosum) 7% & 35T 5E
D% < B F = M. speciosa h» 5155315 PCR EWY)
LRBRIC, FFEF CAL#EIC CCCGGG DRI % {55
LTW%, = Z Tty OB FIfRIT SR 2 51T,
M. speciosa F IR EE R UM 2 30E L, I
KOHIREEEFE Xmal 12, HiIfREEFE Xhol 7 [FRFRMN
T BFEZIER L [Fig. 4(0O)]. TR, HIR
%% Xhol @ . #EC ¥ CTCGAG 1%, M. speciosa
D 273-282bp DRI BICDAEET D70, M.
speciosa DECH| D A HlfREES%E Xmal E&HET2 5
T CHJWr & 1, Mesembryanthemum (Sceletium)
sp. E DN E[FE L 72> 7= [Fig. 4(C)].

S E D HEFL, M. speciosa DEH KT TH 5
Mitragynine [z U} 7-Hydroxymitragynine 7% # i &
N, BN OHERKD PCR-RFLP i1 & > T M.
speciosa TH D EHESNDITHMIND ST, HHE

Fig. 4. Gel Electrophoresis in the PCR-RFLP Assay

(A) Agarose gel electrophoretogram of the PCR products. (B) Agarose
gel electrophoretogram of the digested PCR products at the Xmal. (C)
Agarose gel electrophoretogram of the digested PCR products at the Xmal &
Xhol. Lane Nos., products Nos. 1-4, 15, 16; Lane M, 200 bp DNA ladder
marker.

BB fEMT CIIME N RIS E WS R — AT
&> 7=. Sukrong 5 DFEIIANR Mitragyna JEREY)
AFEZEHBNTHEDICHNSNDFIETH S, Hi
ISAEMIFE DIR AN A SN DGR R 7 Hi 55,
BV TIRESHEEE WD MEDT THATS Z
EI3A[EETH DY, Sukrong b DFEESEIMRES L
7= HIRREE 3 SO 2 L A B o 72 BRI TR, K
D 58 [E 75 M. speciosa 73 Hrik & U THERET 2 &5 &
SY W

A& A

2015-2016 FFICAF L2t RER K 5 v 7 16
B (No. 1-16) 1ZDWT, & k% LC-MS T
ST U7k, IXTO®EA S, Mitragynine
U} 7-Hydroxymitragynine 23ft i X 17=. £72, BE
HIZTHEVY, PCR-RFLP % % W /= DNA 4 ¥t %
1o 72k IS 16 "WRITEH S ND Y D F
B fEIL, M. speciosa TH D EHlEEINE. L
U, &SR OEERRIRK DNA O trnL-trnF,
rbe, ¥ DNA EO ITS IR DN 2170 72 kR, 2
BT BNWT, M. speciosa Tld7lz < Bz 2 iaYfE
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Nk H X3, DNA HIEE S AT DS F, Mesem-
bryanthemum J&REW TH % & "B I /=. PCR-
RFLP £ Lk 28 E OH B, Mesembryanthe-
mum JEFEY) O 1TS-1 fHIKIC H, M. speciosa DNA
ITS-1 fEIH & IFIE R U A7 Xmal 12 &K 2 38a% 5 5
MEETHIEICELDBDOTHo. £ T, M
speciosa ITS-1 FH I 1T 5 5 09 75 Bid 51 2 ) 7 v 68 73
Xhol D FKERM U 245 %, WD A wHE T
Ho7z. fEkD PCR-RFLP ik &AL 2 ALY
BT EITED, XD IEMT M. speciosa DB A3 1]
BRI/ % B 5.

HEE AWREET @R AR S (R
Bl - EEREERELF 2T N —Y 1 T2 A BRI
FHEE) TITONZbDTHO, BIREALITEHRE N
ZLUETY.

MzEAER PR NEHIZRAIE RN,
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