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AR R RMERRB SN HG EZEL

faag

KEE SIS KEE

WikE FEE R

AR R S E T T e b el

W B

R At 47 RRhodiola crenulata (Hook.f. & Thomson) H. Ohba & /5 & v 37, 4§
b RBEAE KR o SN KL AL K R G ) B AR ALY) » £ B RASRTE LT »
H BB MAEZ AR E NI RRULOAR 5 5 9F 0 T A8 & 3 Am S5 3R AR 09 R » B b 5
AR A B R S AR XA Ty R H AN A e A WA E T o KA RN UK A e
(DNA mini-barcode)42 i £ % 3535 2 AL Bb > AIT S MR X TATME - 4t 5 —
P 3% 4% B % = (Internal Transcribed Spacer 2, ITS2) » 424284 XX A anad2-ccmB ¥ % %
BRI atrnF-ndhJ W % & 3 51 B3 4L 80K B AR A% o 47 O ik » 3005 L 8 A b
T E26F A e RBEM MBS 2 A8 B4 5] o 420 R & & Fr 2 1 & 812 44 R & (Polymerase
Chain Reaction)#% 38 & 2 2 J s 7y & 5 51 PAITS2 5 % (100% 5 100%) * nad2-ccmBIR 2
(84.6% ; 84.6%) * T trnF-ndhJFA5(61.5% 5 46.2%) ; ITS2IE B & B,k fE 2 il A M - A
HE R 52 ITS2 4 Ik B A A8 O ik T AT 4 % ROBEAT Btk 3] o VAHEARAR R &A% SE 7
WAL & JRFE » BB E R

RASEER ¢ KTEALEX - MERRES - RIERE _RNERERE(TS2)
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[l

Al

5 KE}H(Crassulaceae)fL 5 K& (Rhodiola
LOEYI RZFAEAREER - ZBYER
520078 - MEH KALRLF K (Rhodiola
crenulata) 222 1 R SE B VE R #E \ B R E 2E
B SR E R AL R K B 2 LR HEERE
(LR FZ R AR SR o BB B2 FT 48 Hi K AE
KL RAEIIEFT & R E B R TIERD
FERImpE® « RIS ~ JUEs7 -~ Pk
A FE AL SEE R o B L R
e e LA S R HE R (E - A1 s R i
POER B AR RBERIR AR DU e E MR
BRI - RAEAL R RE R SOERD - CH 3

ERAEREAE ) oAb (MG REET L BIEY)
CUES=EZUN ODIVING TSN TIEEE/E:RIIPN
fek - A A SEHY - RS R R
FHFRER - RTEEEHE DR A S AR - B
e HABERT R - SAREER AR
B o DN EALR KRBV AREINREA T
WIPRE > REERGRRIEZ RAL - REHE
rhEESHEE VAR T RE TP EEM RRIRE B AR
S ARTP R EE R - EOAZEE [ R
e rh o A R E BB RE E < HoA S B R S R H
fHCHRE - 1SR i 2R SR E IR 2
TEYEREN Y 2 [ ~ I ab R BR R - 1 0 i)
HEHE S E SEA ST BTN R S AP R R
LM ERRER -
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DNA {55 (DNA barcoding) /& — i [J s #E
T Ay 8 E BT » 3 A AR BE 2 T e AR g R Bl
EVERERES - CEERA R g
FEESEEENE" o R EE N EE
A E AR B2 R R N E IR IREE 7]
REE A EEDNA & B i 8% 4 DN A i (DNA
degradation) * 22 AXH 2 Bl i B W R &
i 5 5 [ € (Polymerase Chain Reaction, PCR)
ZAEBERER s B A L R R I (DNA mini-
barcoding)/E 1 ¥ 50 Fr BeFP Al - BRI R4
DNABEIE BRI (BB o MURR S A i
B R BR5 F 1l B 52 R AEAL 52 KDNASR AT %
AGER LR LL ¥ 2 2 E R - AT b B
R0 BN AIE S B R A & P EE U

MERGE

—~ MH

(HZEA LR IEAR © RAERL R RS IR EER
7 ARRCNO 1 (8 H H B & AL 2 5 i 8 fF 5T
b)) B ASEAL SRR EEMRCI(EH HEEE 5
P » 2

(CFEZEA SRR E IR R © S LR R K i g
PF ARRSNO (B A B & 5 2 i E it
Febe) BT ST S R EEMRQI(E H 2 E
Zipg) » 2

ERLRRZEEM IR « I E HEEE 5g K rh g
T+ MR R cRmMO1 Z2cRm26 » 261 -

=~ SRR

(MR LEREEN,
IM Tris-HCI buffers, pH 8.0~ 0.5 M
EDTA solution, pH 8.0 * Proteinase K
53 M Sodium acetate solutiontJliE H
Thermo Fisher Scientific/ &](Wilmington,
DE, USA) > Phenol: Chloroform:
Isoamyl alcohol (25:24:1, v/v/v)
Chloroform: Isoamyl alcohol (24:1, v/v) »

N-Lauroylsarcosine sodium saltz2-Propanol
P90 H Sigma-AldrichZ) F](St. Louis, MO,
USA) » Hexadecyl trimethyl ammonium
bromidef# F Allied Signal/A 5] (New York,
NY, USA) » 5 M Sodium chloride solution
K Agarosetg i | Amresco/X &)(Solon, OH,
USA) °
()

GFX PCR DNA and gel band purification
kit H Cytiva/a @ (Marlborough,
MA, USA) » Fast-Run Taq master mix
NMRTU Mass 100 DNA ladderig i H
Protech Technology Enterprise/ H]
(Taipei, Taiwan) * Primer [ EH PURIGO
Biotechnology/: ®](Taipei, Taiwan)
EZ-Vision two DNA dye as loading buffer
H H VWR International A & (Radnor,
PA , USA) » TBE bufferfi H Amresco
/\F](Solon, OH, USA) » Qubit dsDNA
HS assay kit * ExoSAP-IT PCR product
cleanup reagent * POP-7 polymer * BigDye
Terminator v3.1 cycle sequencing kit »
BigDye XTerminator purification kit
Running buffer #¥3J8% H Thermo Fisher
ScientificZ\ F](Wilmington, DE, USA) °

= - fHERENE

() ZEH1 ¥y FE#% (Tube mill control, IKA,
Germany) °

(G2 K SE(PB153S, Mettler Toledo, Swiss) ©

GV INEVE (MC-01N, Major Science,
Taiwan) °

(ru)fE. U V8 (Biofuge pico, Heraeus, Germany) ©

(F)RZ IR 2 & I I 7E (8 (Qubit 4 Fluorometer,
Thermo Fisher Scientific, USA) °

(NI A S [ E 25 (Astec PC320, Astec,
Japan) °

(B) & vk i K $2 B 28 (Mupid-exU, Advance,
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Japan) °

(VIRB #2152 (GelDoc Go Imaging System,
Bio-Rad, USA)

(7 FF# (3130 Genetic Analyzer, Applied
Biosystems, USA) °

+ DNAZzHRERfH1E

T 88 DUBE A4 oy 10 B BT DS B A - R B
100 mghE ek R » 22F Lu er al. (2005)FEHL
FiA2"® » FA|FGFX PCR DNA and gel band
purification kit#1TDNARAL » G e 2 85
[KI#HDNA (total genomic DNA) » FFFI| K FE =
FEOEHNE FOH E AR R -

F ~ B A5 HM FE(Polymerase Chain
Reaction, PCR)

X EVR AR RS %25 uL v fl& Fast-Run
Taq master mix 5 puL * 25 pMATE 5 [T (Forward
primer)/AR 25 uM B 5 | F-(Reverse primer)
VETEA50.25 uL ~ FEARDNA 2 pLAIHEER 75 8 7K
17.5 uL « PCRIZJEFZA Astec PC320 F &
PN ESRETT - TEIGR AR E% E S DL94 C I3
Gy BEAEIRE REFRA0T - DL94°C BT
B BT R SRR REEGET S [T A E
IS - A5 —Fr )1 73 8 DA R 72°C [ I
1578855 = DB EEASTEER - iR LA72°C &S
8 RIEFSRBRPCREYIFEFHNATC -

&=—  WERESI TR 25 FEA

N BREXHER

HYEZ-Vision two DNA dye as loading buffer
1 pLEEPCRIEMEEY)S pLIE &8 2R FEA2.0%
AgaroselBFrfLifl : 55H1 RTU Mass 100 DNA
ladder[AIRFHETTEEVK » 1ERDNARR A/NAB]
R » FATBE bufferd12L100 (RFFHETTEIK3S5
i - EANHE BRI E KRR

+ - DNAEF

BFPCRIEN ZEY) LLExoSAP-IT PCR
product cleanup reagent 7Tl » F¥LABigDye
Terminator v3.1 cycle sequencing kit5zBigDye
XTerminator purification kiti17 & [ Ji€ Bl fili
{ERAETTIEER Y 31T -

TR EET R

— ~ ERERS AT 75746 38 BRI

Ry 3 R A BT 5 K B L[] J % B C AT
ZYIRE T #E BB GenBank &k} AL
BYIEFIIER » LS TRZB YR Z P
8 SR F TRy B (100-3000 5 ) 2 5 [
SIEET o ACETEHGEEITS2 © nad2-comB
trnF-ndhJ % 3 B 15 L A 28 (2 R I5
T o K EE A s IR A B (RCNOTHIRCT)
4 F i 5 HE A RHRSNO TFIR Q1) 2 [ATHH
DNA - {51 DA — B 1T 30 (2 AR 15 5 | -
¥H(FR—)ZPCRIZE - BB EYETRBAE

FEIAIRA AR FEA @ B FIFFINGE— 37) S FEEIRECC)
AR AZ B A HE ER S Nk EEE  [F3: GTGAAGCTTGGCCTCCCGT 56
(Nuclear DNA) ITS2 IR3: TCSCAATGCTGGAAACATCGAG
s EL A4 3 n2¢F1: GAGACAACACCGATTTCGCT
RLR I A nad2-cemBEFRIIHE 50
(Mitochondrial DNA) n2cR1: GGATAGCTTCCCTTAGTCAA
i 4. Bt L P ¢ 3 FJ2F: TGGTTCCTGGCACATGAT
SR R A trnF-ndhJ PRI TP 47

(Chloroplast DNA)

FJ2R: CAACTAACCTTTCAAATACGT
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UKITHT B FIAF R AR/ S [T Pt
S BB —DNABRT (AE —) - KHEEEY
EATER - IS HARE B 2 R RIS
2] = = 4 = A

HoF (A R 5 T8 e 91 B2 A1 FHBLAST (Basic
Local Alignment Search Tool)f# =3 T. H Ei 3£ [F]
B 22 4= W) F ffn & F 4 0(National Center for
Biotechnology Information, NCBI),2 GenBank&
FHEE ST P Y FE LI L - S A s SR ANk —
A% s 24422 ) L S AT BERCNO 1 BERC 1.2
3H o R (B 15 5 271 B Bl Gen Bank & 6} JE KA

FLER(R. crenulata)Z25 P YR s - B
i H Yt R S RAEAL R K 2fRIEZER
i {5 HEAF RERSNO 1 BER Q1.2 3 #H fUHE [ R s
Fr 2 AR LU 5347 4 SR Bl GenBank & #t B HH 25 (]
PR R RBYEFYIHOE &S - 2
SIRER T R o R HEE RS R ERE AR
FERBEER 2 RAEAL SR « i Bl o &R
MAFFT version 78 & T B "7 2% FE 51651
5347 (Multiple Sequence Alignment) * FLER 515
B¢ P ol e BT BE 5 2R SE Y AL i IR A R
ITS2Ednad2-cemBJ7 5 ElGenBank & K} EE A TE

M1 2 3 4 5 6 7 8N

(a) 1000 bp
700 bp

500 bp
400 bp

300 bp

200 bp e s Sl GEED D TR T ——

100 bp

(b)

500 bp
400 bp
300 bp
200 bp
100 bp

(c) 1000 bp
700 bp
500 bp
400 bp
300 bp
200 bp

100 bp

IF3-IR3

n2cF1-n2cR1

FJ2F-FJ2R

B— - ZRRIFEAAEHRMEZ PCRIEIEEY EIXE

R Z B FHIERIRET
(a) IF3-IR3A&I TSI A EERE A 47 5| F 1

(b) n2cF1-n2cR1A&nad2-ccmB MR RIS A5 T4

(c) FJ2F-FJ2R & trnF-ndhJ 1A RIEHE D7 5] 74
M: 100 bp DNA ladder marker

Lane 1-2: ATEAL R R EFRZEM# RRCNO1

Lane 3-4: KIEAT R REEMRC1

Lane 5-6:5 LA &= X ¥ RRZEM R RSNO1

Lane 7-8: 04T £ REEMRQ1

N: Non-template control
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>RCNO1_ITS2 (188 bp)
GTGAAGCTTGGCCTCCCGTGAGCCCAAACTCGCGGATGGCTTAAAAACGAGCCTCGAGACGGTT
AGACGTCGCGACAAGTGGTGGTTAGGAGGCGT TGCGCCTTTGAGCTTTGCGCGTCGCTGCCGTC
GTCGGTCTCTCTCGAAATTATAACCCGAACGGAGCATCCTCGATGTTTGCAGCATTGGGA

>RC1_ITS2 (188 bp)

GTGAAGCTTGGCCTCCCGTGAGCCCAAAGTCGCGGATGGCT TAAAAACGAGCCTGGAGACGGTT
AGACGTCGCGAGAAGTGGTGGTTAGGAGGCCTTGCGCCTTTGAGCTTTGCGCGTCGCTGCCGTC
GTCGCTGTCTCTCGAAATTATAACCCGAACGGAGCATCCTCGATGTTTCCAGCATTGCGA

>RSNO1_ITS2 (188 bp)
GTGAAGCTTGGCCTCCCGTGAGCCCAAACTCGCGGATGGCTTAAAAACGAGCCTCGAGACTGTT
AGACGTCGCGATAAGTGGTGGTTACAAGGCCTTGTGCCTTTGAGCGTTGCGTGTCGCTGCCGTC
GTCGGTCTCTCTCGAAATTATAACCCGAAGGGAGCATCCTCGATGTTTGCAGCATTGGGA

>RQ1_ITS2 (190 bp)

GTGAAGCTTGGCCTCGCGTGAGCCCAAACTCGCGGATGGCT TAAAAACGAGCCTCGAGACGGCT
AGACGTCGCGATAAGTGGTGGTTGCAAGGCCTTGTGCCTTTGAGCGTTGCGCGTCGCTGCCGTC
GTCCCTCTCTCTGTCGAAATTATAACCCGAACGGAGCATCCTCGATGTTTCCAGCATTGCGA

B — - ZEH MATE B IR EE A e IR Z ITS2 T A R RS 7 51
(RCNO1 : KTEALFREIREMIIR - RC1 © KTEALFRRZEEM 5 RSNO1 | SILATRREIREEMIIR

RQ1

" PO R REEM)

>RCNO1_nad2-ccmB (176 bp)
GAGACAACACGGATTTCGCTAAGGTGAGGGTCTACTTTTTGAAAAACATTATATCTCCCCTGTG
GAAAAAACAGTAAACAAAATTTTTTTAGGGAGAGGCACTCACTTTCATCTTTTTTTTCATCGGA
AATAGGGAAAAATCCTAGCAAGTCGATTTTGACTAAGGGAAGCTATGC

>RC1_nad2-ccmB (176 bp)
GAGACAACACCGATTTCGGTAAGGTGAGGGTCTAGTTTTTGAAAAACATTATATCTCCCCTGTG
GAAAAAACAGTAAACAAAATTTTTTTAGGGAGAGGCACTCACTTTCATCTTTTTTTTCATCGGA
AATAGGGAAAAATCCTAGCAAGTCGATTTTGACTAAGGGAAGCTATGC

>RSNO1_nad2-ccmB (176 bp)
GAGACAACACCGATTTCGCTAAGGTGAGGGTCTACTTTTTGAAAAACATTATATCTCCGCTGTG
GTAAAAACAGTAAACAAATTTTTTTTAGGGAGAGGCACTCAGTTTCATCTTTTTTTTCATCGGA
AATAGGGAAAAATCCTAGCAAGTCGATTTTGACTAAGGGAAGCTATGC

>RQ1_nad2-ccmB (168 bp)
GAGACAACACCGATTTCGGTAAGGTGAGGGTCTAGTTTTTGAAAAACATTATATCTCCCCTGTG
GTAAAAACAGTAAACAAATTTTTTTTAGGGTCACTTTCATCTTTTTTTTCATCGGAAATAGGGA
AAAATCCTAGCAAGTCGATTTTGACTAAGGGAAGGTATCG

B= - ZEF TR IFEE A S TE IR R 2 nad2-com BI B R RS 5
(RCNO1 : KTEALFREBREEMIIR - RC1 © KTEALRRZEM ; RSNO1 | SILALRREIREEMIR |

RQ1

" ORI R KEEM)

145
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>RCNO1_trnF-ndhJ (259 bp)
TGGTTCCTGGCACATGATTTAGTTTTAGAATGGATGCTTTCTTTTATATATGAATAATAATTCA
TAGGGATCAACAGACATATATTCTATAGCAGGATACCTACGTACCCATCTAGGCGTCTGGAAAT
ATAGCCATACATTGTATAGATGAGAAAAGAATAAATTACAGTAGTTAAAAGAATCTTTTTTTGT
TCGTAGCCTTCTCGTTCAAAAAAAAAAATATATATTAATACTTCATACGTATTTGAAAGGTTAG
TTG

>RC1_trnF-ndhJ (260 bp)
TGGTTCCTGGCACATGATTTAGTTTTAGAATGGATGGTTTCTTTTATATATGAATAATAATTCA
TAGGGATCAACAGACATATATTCTATAGCAGGATACCTACGTACCCATCTAGGCGTCTGGAAAT
ATAGCCATACATTGTATAGATGAGAAAAGAATAAATTACAGTAGTTAAAAGAATCTTTTTTTGT
TCGTAGCCTTCTCGTTCAAAAAAAAAATATATATATTAATACTTCATACGTATTTGAAAGGTTA
GTTG

>RSNO1_trnF-ndhJ (261bp)
TGGTTCCTGGCACATGATTTAGTTTTGGAATGGATGGTTTCTTTTATATATGAATAATAATTCA
TAGGGATCAACAGACATATATTCTATAGCAGGATACCTACGTACCCATCTAGGCGTCTGGAAAT
ATACCCATACATTGTATAGATGAGAAAAGAATAAATTACAGTAGTTAAAAGAATCTTTTTTTGT
TCGTAGCCTGTCTGTTCTCGTTCAAAAAAAAAATATTTAATACTTCAAACGTATTTGAAAGGTT
AGTTG

>RQ1_trnF-ndhJ (262 bp)
TGGTTCCTGGCACATGATTTAGTTTTAGAATGGATGCTTTCTTTTATATATGAATAATAATTCA
TAGGGATCAACAGACATATATTCTATAGCAGGATACCTACGTACCCATCTAGGCGTCTGGAAAT
ATACCCATACATTGTATAGATGAGAAAAGAATAAATTACAATAGTTAAAAGAATCTTTTTTTGT
TCGTACCCTGTCTGTTCTCGTTCAAAAGAAAAATATATTAATACTTCATACGTATTTGAAAGGT
TAGTTG

© BEF Mg BRI R BE ) B R AL Z trn F-nd hJ T B R RS 5 5

(RCNO1 * KTEALRAREIFREMMR ; RC1 1 KIEALRKRZEERM ; RSNO1 * SILFTR RESFREEMR
" PO R REER)

RQ1

FLER R 2% T AR B B B AR (R =
B ZEP) 5 MRCNO1EERC 158 7 5 78 5 TR A1

W B 2 S A ARG (T 2 B ERY

PlERE SR YIRRACRL SRR 5 WA AN FEEA
DSt pal

trnF-ndhJFP 9Bl GenBank & FHE A {EAL SR 22
Z FEH(OP3120645ANC_050881) A 2{E i L (7
E(225f1226)F 252  #EHIRTRE R RAEAL =K
IR (BT R]FE R B P v A 1 44
e LAV B 7 i B AH R B 22 S TP 2 R R
{ERL SRR 4y HoF IR EEF L Ad - ANR AP
N o AR Et e AR (LR 53 A7 B B A B EL
s R TE 20 3 AH AR DR BR 15 20T 3 i RE S8 S0GH:

S M R (R -
= SRR AT AR BRI

R BIEA R  R GRS A ik 2 @A
Z= UL 2 6 1 L 52 K ZE 41t B 2 A S A
DNA - 43 Bl E1T 3ME L R R 15 43 i1 - Hp
ITS25 [ F#f AT G 26 - 5% L DN AN R T JE 15
26{6 55 » nad2-ccmB7 |- $1 R IERE22 {311 1
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R HERIEREF FIBLASTR FIAELUE M

EaliEy oy Sy ITS2 L RIS 31 nad2-cemBIEEEREHERFS]  trnF-ndhJHHEERIGEE 5
BLAST results BLAST results BLAST results
GenBank Maximum GenBank Maximum GenBank Maximum
accession number identity (%) accession number identity (%) accession number identity (%)
KACKL = R EHEZE R, crenulata 100 R. crenulata 100 R. crenulata 100
AR (EU239665) (NC_070303) (OP312064)
RCNO1 R. crenulata 100 R. crenulata 100
(MH371167) (PP262137)
KRACHL = REERS R, crenulata 100 R. crenulata 100 R. crenulata 99.62
RC1 (EU239665) (NC_070303) (OP312064)
R. crenulata 100 R. crenulata 99.62
(MH371167) (PP262137)
R. crenulata 99.62
(NC_050881)
ELRL S R E IBEE R, amabilis 99.47 R. rosea 100 R. litwinowii 98.85
AR (AB088587) (PP024540) (PP262149)
RSNOI R. macrocarpa 99.47 R. wallichiana 100 R. calliantha 98.85
(AB088590) (OP312069) (NC_060675)
R. macrocarpa 99.47 R. macrocarpa 98.85
(KF113707) (NC_060679)
R. atuntsuensis 99.47 R. bupleuroides 98.85
(KJ569922) (OL742461)
R. quadrifida 99.47 R. quadrifida 98.85
(KF113714) (PP262143)
R. nobilis 99.47
(KF113708)
VUZT B=K 8RR, himalensis 99.47 R. tangutica 100 R. himalensis 100
RQI1 (KR269905) (NC _072122) 100 (MZ242253)
R. juparensis R. kirilowii 100
(NC _082108) (NC_052736)
R. sacra 100
(NC_052735)
R. juparensis 100

(NC_082109)

B22M& 751 » trnF-ndhJ5 | T EHETEHE 16441 5T
B 12{6& %1 o PCRIEHE SR K e TR DAITS2

FESFH R RIS SR R & 2 B - R
Bt B X in® APV FIRITS2 /2 i il & 8 AL

FE(100% 3 100%) * nad2-ccmBR 2 (84.6% :
84.6%) * trnF-ndhJi1%K(61.5% 5 46.2%) » A&
i o PCRYEMGRICREL TE Fy B ) 2R 2 A DNAG
AEEFTYIRE R B ) 2 B EHRAE ™Y ITS2

K2 - Zhang ™ At R
Ht% BRI ITS T BB LR b 295
BB R 8 B R - RIS
RESE S RERERIBAE IR -



148
RISV BN

&= - BEREIFERREHNRAE I TSR RIS JI SRR,

32 H L IR AR ITS2 {25 (R el - 91 et L 57 B
KIERLRRZEFT/
JE s F . e R 61 63 76 88 90 99 110 116 133 134 160

RACKLR R B HRZEM IR
RCNO1

RICRLEF R EER
RCI

KIEALRHRZE T
MH371167 (405-592)
KIEALRRZE TS
EU239665 (453-640)
AL R IR EE AR R
RSNOI

EATIR= w1

RQI

G T C A G C T C - - C

R ~ ZEF R IFEE A A BRI K Z nad2-com BIY A RUETE 5 8 R AU,

ﬁﬁ E‘n@%ﬁﬁfﬁfm‘*ﬂr/ nad2-ccm B EEIRIEEHE Fr 37138 7L (V7 5
KICHL R B HE Y/

FEZE R TR S A R 66 8 95 96 97 98 99 100 101 102
KACHL B KB HRZER I K

RENo! A A A G A G G C A <C
=y E_ 7&?

AABRLIRRAEM A A A G A G G C A C
RC1

KA R KB B Y

NC_070303 (155817-155992)
AL R RS IR EE AR R
RSNOI

ECTIR=w N

RQI

26fFRLR R EM G Z VIR - 3 KIERLRRIEE S - AEHE e 28 s i
10 B ATERLFRR. crenulata) > 167FFRy W IFZER A - VR ZEM B IFUZ IEMENE - 1
FEBERAL R - AWITEFRpISR B E gL 2 -

FIBR J5UREZ Pt i 7l DA OR 72 it 75 & R LR
- ZENR

- %t = L e e e i [ e e e 4 =
=& & . AR EE RS REEE -

S B S SR B AT ST P B 2R I T S2 T [R5k 2021 - ZEHZEHL - FEUYRR - 216-217H >
16 B BATSE EHCE - IRER s 3 A TERIE - 2k -
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KA - BERRIFEER RIER B EZ onF-ndhJHE R RS I RALE,
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BEF AL AR
RACKRLR RS H P/
FRZEFH S B R

trnF-ndhJER 5L R BRSSP 5] 28 S (07

27 169 201 202 203 204 205 206 220 225 226 227 228 229 233 245

RACKLR R B HRZEM IR

RCNO1

RACKLFARZER

RCI
KRICKLRERZEFY
OP312064 (47897-48155)
RIEKLRARZE Y

A G

A G

NC_050881 (47940-48198)
EHLALRREIEEEA I RRSNOL G G

VUZERT SR ZER
RQI

- — - — — A

- - - - — A

A

A

A

A

T

T

A

A

A

A

T

T

100 -

80 -
70 -
60 -
50 -
40 -
30 -

Percentage (%)

ITS?

nad2-ccmB

BlA - HEREEI LR REM 1282 PCRIRIE R K EF M IR

2. BFEEMFTEE o hIEE A RILFEZEH -
20204FM—0 © 161-162H » H[FHBE 3R

Hifmt - b -

3. Lee, JM., Kim, Y.S., Dong, X., Park, J.S. et

trnF-ndhJ

al. 2020. Anti-inflammatory effect of Rhodiola

crenulata extracts through the down-regulation

of MyD88 dependent pathway and induction

of autophagy. J. Funct. Foods 64(6): 103703.
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4. Yue, H., Wang, L., Jiang, S., Banma, C. et
al. 2022. Hypoglycemic effects of Rhodiola
crenulata (HK. f. et. Thoms) H. Ohba in vitro
and in vivo and its ingredient identification
by UPLC-triple-TOF/MS. Food Funct. 13(3):
1659-1667.

5. Yi, Q., Sun, P, Li, J., Kong, S. et al. 2018.
Rho, a fraction from Rhodiola crenulate,
ameliorates hepatic steatosis in mice models.
Front. Physiol. 9: 222.

6. Yuan, C., Jin, Y., Yao, L., Liu, L. et al. 2020.
Rhodiola crenulata root extract ameliorates
fructose-induced hepatic steatosis in rats: asso-
ciation with activating autophagy. Biomed.
Pharmacother. 125: 109836.

7. Hou, Y., Tang, Y., Wang, X., Ai, X. et al.
2020. Rhodiola crenulata ameliorates exhaus-
tive exercise-induced fatigue in mice by
suppressing mitophagy in skeletal muscle.
Exp. Ther. Med. 20(4): 3161-3173.

8. Ma, Y., Wu, Y., Xia, Z., Li, J. et al. 2019. Anti-
hypoxic molecular mechanisms of Rhodiola
crenulata extract in zebrafish as revealed by
metabonomics. Front. Pharmacol. 10: 1356.

9. WEEBHEIRE 5F - 2023 - " HERIEEE)
VYR | fsR— ~ PR RR= -
[https://law.moea.gov.tw/LawContent.
aspx?id=GL001420]

10. 158 ~ [rbg » 25l » EEE S © 2007 ©
EMEERH&REYALE R FCER - RE
BEEITR - HARETREEH » 22(6): 880-889.

11 R FIRF BT B B g B = < 2023 © HEH
[ 78 B Tl A Sy E I -
[https://www.gcs.gov.mo/news/detail/zh-hant/
N23BIGa3G8]

12.Zhu, S., Liu, Q., Qiu, S., Dai, J. et al. 2022.
DNA barcoding: an efficient technology
to authenticate plant species of traditional

Chinese medicine and recent advances. Chin.
Med. 17(1): 112.

13. Hrn¢irova, Z., Bergerova, E. and Siekel, P.
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Development of DNA mini-barcode assay for
authentication of the medicinal plant Rhodiola
crenulata
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ABSTRACT

In the Taiwan Herbal Pharmacopeia 4th edition, the dried root and rhizome of Rhodiola crenulata
(Hook. F. & Thomson) H. Ohba are listed as medicinal species of the Hong Jing Tian material. Since R.
crenulata has been listed as an endangered species, the scarcity of resources, and the rhizomes of other
species in the same genus with similar appearances may increase the risk of adulteration and substitution.
Therefore, accurate identification of medicinal varieties is important for efficacy and safety. This study
used the advantage of DNA mini-barcode technology, with improves analytical feasibility be amplifying
short DNA fragments. Three mini-barcodes were developed based on the ribosomal Internal Transcribed
Spacer 2 (ITS2), the mitochondrial nad2-ccmB spacer, and the chloroplast trnF-ndhJ spacer sequences.
Species identification of 26 Hong Jing Tian materials purchased from the market were tested. Among
the three markers, the PCR amplification and sequencing success rates of ITS2 mini-barcode was the
highest (100%; 100%), followed by the nad2-ccmB (84.6%; 84.6%), and the trnF-ndhJ was the lowest
(61.5%; 46.2%). These results suggested the ITS2 mini-barcode offered the best applicability. This study
established ITS2 as a reliable DNA mini-barcode for identifying the authenticity of the Hong Jing Tian

material to ensure the correct species is used as raw material and to prevent counterfeiting and misuse.

Key words: Rhodiola crenulata, DNA mini-barcode, Internal Transcribed Spacer 2 (ITS2)





