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Molecular authentication and phylogenetic relationship of Isodon rubescens
and its relatives
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Abstract: Objective To construct the phylogenetic relationships of Isodon rubescens and its relative species, and accurately identify
1. rubescens and its relative species. Methods Total genomic DNA was isolated from /. rubescens and its relative species. Nuclear
DNA internally transcibed spacer (ITS) and chloroplast gene psbA-trnH sequences were amplified and sequenced. The Kimura
2-parameter (K2P) distances were calculated. Identification analyses were performed using Nearest Distance, BLASTI, and
Neighbor-joining (NJ) methods. Results The NJ trees (ITS and psbA4-trnH data) indicated that the five populations of I rubescens
formed a monophyletic clade [Bootstrap (BS) = 94% and 68%]. I. rubescens and I. japonicus, 1. amethystoides, I. inflexus formed one
monophyletic clade (BS = 70% and 51%), and I. serra was sister to I. nervosus (BS = 81% and 63%). The K2P genetic distances of ITS
and psbA-trnH data between [. rubescens and its relative species were (0.007 08—0.072 61) and (0.008 06—0.024 76) which were far
higher than intra-specific genetic distances of 1. rubescens (0—0.001 76) and (0—0.002 68). Conclusion 1. rubescens is closely
relative to I. japonicus, 1. amethystoides, and 1. inflexus. The closest relative of I. serra is 1. nervosus. ITS and psbA-trnH are two
efficient barcodes for the identification of 1. rubescens and its relative species.
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FR WAL B s 2 k0, R’
AR PuE. Puw BRIl PRSI b0 D6
B 2R EE Y, ERR LS.
T 2 m A B E g AL AT A, AR A
MR, B L/ R 2 A MR oA i) 3=
B R 2 —, AR RN R AL Y (1) s A%
R EE, A EERAERY, HFEIT%
FRARMEIX 73, HOXLLTEANRFE by Z AT AR
KR ISR SE DTS00 45 58 45 ARV
I ARG WA IEAh, BRIFOKAESR, 5 B i
X, [FJEM—LREY) (nEMARE. FREE
BAE NG, FAHREISR R, HEY
Wm PR FH 25 1) 224 HAT, A7 BRI S 3 Al
(1) 45 58 S 2 0 RE 9T 3 ZE 4R TR AR TR 2 RN
RAPD (random amplified phlymorphic DNA) 434t
I TR JEUT SR 25 1) DNA 4605 90 7 %608
WA WARIE . N ORIKRLERI A 224 T 25, 1)
TR S I IR BN R IR SR GO FR, RFK AL A
HIRZMIEHAT DNA SIS0 T HERIT, K3
PRI R S KR IR 7 VA AR b 2211

WAk, BEE S TAED RS R E, DNA
AL FH AR (DNA barcoding) Ay 4 254 #4552
WSt 1T (EPRFER 77 . DNA S B ASEOR 2
MHBRAER A7 2082 7 1) D4 1S HARX BRI
DNA Ji B ot k4 desde . v i @ sh % el
HHr, Z5HEYIE DNA 4 TS % e i 5015 21 P
R, |2 N T 2 A RHE 6 245 AR S rh 2544 4%
e VO R R B AR DNA Hh B Py 2 S B B X
(internal transcribed spacer, ITS) FlIH- & 44 FL [K]
psbA-trnH i BUAE N [ il FH 4 TEAL 341, 76 H) Je
PR R A B R R, RS XY
FiRE 7 s IR 0 T 2 A 5 LR Goph R 55 A8
85 KB TG 023 T % U1, AW 9 A% 2 1]
ITS F BRI SRAASE R psbA-trnH F B, I 64
g T R, AFEREORRL R R G (SR
T B IX SO ST AR AR AU b 35377 [X A AH T
FES) 23 MEARBAT R By 19, W, IFRY
M DNA ZIEMEEAREAT 08, TR S
TGRSR G R AR, KL HERG S E S fE Rl 7
WA o
1 #8l

WA Ak B 7 AR AL 23 ANFEAS, SEE AR

TR AV R 2 A 27 e v 2464 38 v B 2 A R
BRI T R S8 AR A A 1 K T A
T EVBUH T 5 %58, SR UERR AR AT T AR P K2
SIS PP TR et Fr, SRR PR TS
TRAET—80 CUKEE, LB A RHELN {5 B GenBank
g WAL 1.
2 7
2.1 #¥5 DNA HI3ZEX. #1850 =

KA R AE A Y) DNA - 46 50t 771 &
(Tiangen Biotech Co., H1[E) #2HUFf:AH DNA, ITS
FE 40 4 38 46 ) Wendel Z5US ¥ 4F 1951 9 1TSI
( 5~ AGAAGTCGTAACAAGGTTTCCGTA-3’> ) Hi
ITS4 (5°-TCCTCCGCTTATTGATATGC-3’); psbA-
ornH FEFY 48 ] DNA 4B 51917, 519
WA TAEYIHOR RS RA A & . PCR V.
KM R BT F S % Chen 21T Xia 25T 9%
gif. PCR “Wzift)a, M ABI 3730X Il FFAX
(Applied Biosystems Co., FE[H) HEATXU M, W
FPai RAE GenBank 7 MHTF4 54 KF032247~
KF032292, L% 1.
2.2 HIEAE

Wy B 45 1) 1 B >R - CodonCode  Aligner
V3.0 (CodonCode Co., FEI[EH) Xf 741 & AT
RSP, 2B 91 DR &= 1 P 41, A &
f PAUP" Version 4.0b10 14 #FhFh . Fa
Kimura 2-parameter (K2P) Iif% &, )@t 40
( Neighbor-joining, NJ) R Kk & &, F| H
Bootstrap (BS) (1 000 (R H &) K5 %5 73 32 1) 32
FER o R AL K7k (BLAST1) . Sl if &
7% (Nearest Distance). ¥ NJ R4k G W57
TN KR Je L30T 25 Fh S AT %558 73 7
3 ERESH
3.1 ITS FAER. FIFMARMEERS

TR S SEA R8I0 7 AN PIRI R 1TS JP 1K
FEAR VG 567~584 bp, Ze8UF 7321 ITS 741
&K, h 584 bp, FAEmRSL, A 567 bp. H 1 ITS1
FRAK AR VO A 195~196 bp, 2538 /M. 5.8 S
XIRKJE R 164 bp, 7 DMFITHI5E A5 1TS2
FERK AR VG 207~225 bp, ZEREK. 1
ITS AU RE T, WKL 5 AN B TS J75)
K2, R 3 AMRIEA SRR S, e
e A3 [R5 425 DML, fEAE A4 R 66 LR
JaHE AS 1) 21 My, BIRAEH C-T AR R, X3



* 2906 ° ¢ %% Chinese Traditional and Herbal Drugs 35 44 % 2520 #§ 2013 10 A
Fz1 HRKE
Table 1 Sources of samples
Gy ) T GenBank &35

ITS psbA-trnH
Al WEKHKL Isodon rubescens T BN KF032 247 KF032 270
A2 KA R KF032 248 KF032 271
A3 /Sl TR IR KF032 249 KF032 272
A4 /Sl TR R KF032 250 KF032 273
A5 KA T HHR KF032 251 KF032 274
Bl FEMFAK 1 japonicus T T 7R KF032 252 KF032 275
B2 TR bENEEE IR KF032 253 KF032 276
B3 B FERK FENEER IR KF032 254 KF032 277
Cl WIKFEAE I nervosus IV T KF032 255 KF032 278
C2 G R KF032 256 KF032 279
C3 il cigasd 2 KF032 257 KF032 280
DI FHRZE I amethystoides JTVE T KF032 258 KF032 281
D2 g >d T S KF032 259 KF032 282
D3 AR TR T KF032 260 KF032 283
El B [ serra T KF032 261 KF032 284
E2 B HEZE) KF032 262 KF032 285
E3 R TR T KF032 263 KF032 286
F1 WHTFE K 1 inflexus T T 7 KF032 264 KF032 287
F2 W %% SRR T KF032 265 KF032 288
F3 WHTEZRE I inflexus IV T KF032 266 KF032 289
Gl LU/ ZSE I lophanthoides T B T 3k KF032 267 KF032 290
G2 BT WEZE) KF032 268 KF032 291
G3 BUENRHK SR T KF032 269 KF032 292
H B8 Ocimum basilicum GenBank DQ667 240 DQ667 350

AN JE T M B 53 A0 B 70T B BRI IX AN X ITS 341 F
PIFfIE] K2P i8fkih 24 /R, BRI A8 1n
SRR IR RIS AL EE 254 0.007 08~0.072 61, I
KRR L IR RS (0~0.00176) (K 2).
32 psbA-onH FHVEE. FHIMAKEIHEZT RO HT
KA e HIE R 2R 7 AR psbA-trnH
P8 K FE AR S [ A 288 ~364 bp, KA 1)
psbA-trnH J¥ A5, A 364 bp, LKL 4K
psbA-trnH J7 5B, J 288 bp. {E psbA-trnH JT- 5|
IFERE R, X LUK RLIY psbA-trnH JT ), 80T
KM psbA-trnH J7HI{EES 130 bp Fl 224 bp b1
69 AMHIEF 7 AT, WHKE RN
psbA-trnH JFHILES 271 bp kAT 6 AL ) B2k,

T 4% S M B T 2 3 00 A 55 295 bp 11296 bp Ab
4 MFER R, W 2R AE 355 bp A 4 4>
BRI Bk . BEKARY 5 AN EBEREASH, £5 4 4
psbA-trnH P HIKE—3, b falE A4 17 2 Nk
BT S B . psbA-trnH FHVRA L Bl K2P
AL PR B 4 R R, WOKHEYS JL R 8 3 b 28 1
b fa] i A% FE BN 0.008 06~0.024 76, W 5 K T-1#E
KM Y FR 38t A5 B B (0~0.002 68) (£ 2).,
33 RS HERRELGHENEES T

N ARLTERE 2k (BLAST1) Skl L H
) J 3 kBl R AT S5 e b, &5 R ITS A
psbA-trnH J¥ 5 0] LAV Aff %5 53l W KA 5 3L ) 30 2%
2%, NH PAUP version 4.0b10 #4 Z KAl 5
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FT2 EHT ITS 0 psbA-trnH [F5BIFE KN 5 HiL G FhpFh B FRfh A K2P B1EEE
Table 2 K2P genetic distance based on ITS and psbA-trnH from I. rubescens and its closely related species
E S KOP 15t 4% i 25 ITS psbA ~trnH
T N Fir(a] 0.007 08~0.072 61 0.008 06~0.024 76
A 0~0.001 76 0~0.002 68
FEHK Al ) 0.005 31~0.068 92 0.002 71~0.024 63
A 0 0
BHERFK i) 0.007 06~0.072 66 0.002 71~0.027 99
A 0 0
G e Fifr(a] 0.008 83~0.070 50 0.005 47~0.022 66
A 0 0
BRI i) 0.007 06~0.072 40 0.005 47~0.022 09
A 0~0.001 75 0
W E A3 Fofia) 0.015 93~0.083 86 0.022 04~0.031 02
A 0 0
LEUH AR il ) 0.068 62~0.083 86 0.017 71~0.031 02
A 0 0
[FJEUT S PR ITS M psbA-trnH JF B ) NI REGEK —
AR B 1L 2), SREREERE S HAREEIE LN ) « o
JEM MWONT WTTLLE Y, ITS RN 2 T R4 o D2
B CE D), WERRER 5 AN RBEREATR A — R R D3

X, RN 94%, o, FREN 3 ANEEEA
HWNIERFE 3 ADNERREARRA— R, HF
H56%, AR 4 MRS A 3 AR
—HRN, BRI S TS FAI
BT RGO AR RN FL R JE i i 2R W 2
X TF. REKRERREER, WS BT F
KN BTHRF WITERKRN BRI, Afy
T0%ISCFER, EHEABIKE AR 1R,
AT 81%MSCHFR, LaUF AT RGN
8. 15 psbA-trnH 73 RGM E (B 2), WKL
(1) 5 DNEBFEARRN — R, BA 68%I 3R
2, Hax 6 MRS B 3 AN EREFEARYIR D — 3
RO, HAREIER, Wl psbA-trnH 75 {5
53T R G0 T KR 3L ) R 2 b 20 (2 b
XTI RERBRRZE TR, WKMS B S
Hv BTRFE WITERERN BRI, LR
N 51%, BEHEEREE RN R RS, Hf
63%IMISCRER, LLUERFM T RGP IR E
4 g
4.1 E T ITS # psbA-trnH 55| 3K AT 5 HiF
MEI D FEE

WAk, Rl ORI D LT 2= 22 I PR 7 T A

86 Bl
=
70 B3
A2
1=
A4
100 i
El
58 C2
c3
Cl

100 [— g;

I—G2
H

5332 BB AR NI 1) BS 23 M0 %23 SERISCHRFSIE. (>50%),
G
BS values of NJ (> 50%) are shown above and below branches, same

as below

B1 EF N E TSR MERFLEN
Fig. 1 Phylogenetic tree constructed based on NJ method
(ITS data)

Wr I, WK T 3 75 SR Rk O . SR,
THERFKBAHBEYFRAZ, ZHX IR
NEfIE SR AR 24, PR TG IR H 29471
AR AFFONH EFREH 1 DNA 4B
P HZHE R ITS FIMSRAR LN psbA-trnH J7 BRI
KA K I A Jg 3T 2t 7 N HRf (23 AMFEAD AT
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Fig. 2 Phylogenetic tree constructed based on NJ method
(psbA-trnH data)

SEREIT, 85 KR W] ITS H psbA-trnH JFHN{EREKAL 5
MASF MRS D B2 e, AEREKAE Y
HF @I gAh 2 0], fAEFE AR WK I
[ J@IEZFh 2 [8) ITS F psbA-trnH 55| ¥ Fh ] K2P
THAT R A8 8 TR R N e BEIR) K2P gt A% R
B (R 2). NJ WEREDIE RN, 12 ITS Al
psbA-trnH 53 G b, KN 5 AN SR o —
LRI, SRR N 94%A 68%, H LAl 6
AMEGFRIF I 2 TF (B 1. 2)0 b4k, (HREZ
B 2010 A7 PR 57 Hh i OB b 2R ) AU
h AR JE BRI B s s SR [ (P 2
HLY 2010 FRRHH7 T L4 N Isodon striatus (Benth.)
Kudo, Flora of China "W hi 1 X% A Isodon
lophanthoides (Buchanan-Hamilton ex D. Don) H.
Hara] ({5t B35 o ANBTTURI S SRR, V500
ML FRE SRR 5 NMEKF 2 ITS
psbA-trnH JRH| IR0 E] K2P 15t4L B B350 K TR
MR LU AN 3 A BEFEA W] (1) A Y K2P 38i4E
B (R 2. NI MRS R, fE ITS A
psbA-trnH 73§ RS I, B R AU/ A% H
(1) 3 AN B SR — 250 3, BRI SR,
HHAh 5 ANESMR X 0T (B 1. 2). AR
BT S /N S BTR ] RAPD 43 FARic
POKAE S5 I A 8 5 ANEGM g R, KU
7 R R ) AN R R ) A7 AR W] W 54 4044, 1TS
M psbA-trnH FF5)A] IAE N RERREL, B
7] J& T G Rl AT 28 R AR TEAS P41

4.2 BARNRHELSEMIRFZEERR

55T DNA SIBAGER I 734 8 A REAE
o M E S0, I REHE A 2 R S
HIEGMEMRAERBTRR, LI ERAHMEYISES
SETFIC I RERE R SCRE R AU KR LR
WG RGERKE RKEZVIUP R, ST AR
ITS FINFZRAKFE psbA-trnH JFHRI I 0 T R 50
PPN R SR —2 (B 1. 2), HEZHER ITS 1
NI 201 RGP IR 8715 1) SCRE SR iy T 244
WK psbA-trnH ¥ NI 731 R GRS &5 s 1 SCHERR,
X GAZHE K TS JEHIRS LU 2RARIE D psbA-trnH J7
B EAT I 2 I8 S0 CfF ST ) AEPY, o,
KRS B FR . FREMNITE R RE LR
FRBE, RPN K SR G o Rl . A,
CRE ) 2010 R, A BRI YK
W F2 T LRI Rabdosia rubescens (Hemsl.)
Hara, 2 Flora of China "P KR i 44 FIAE D) iy
Y7, Rabdosia rubescens (Hemsl.) Hara #%1F A
Isodon rubescens (Hemsl.) Hara [F) 5% 44, NiZJK .
e ) 24 ) e A B PR RIS AE I KR Rz T S 44
PRI EE 2K Isodon rubescens (Hemsl.) Hara. AS U@t
2 IR T KA J HAr M ) RFE R B R HR it
YRR, (TR RBHEDF R 2,
WAEZIEY KEFEIE L, B ITS M psbA-trnH [T
H SR HABIEDR Fr B R4y RGP0 9T,  T7 eI
WEFZRRRE T REREHELR, NrFKFHER
B SFIRISRG KRR, IR B 408 1 2 AR
WM BHIE T R SR AR E . g Rk gt ]
HER RIS AR o

&t BAF A AT R b e
FERELEERE LPBORMAREATFR ST
FEF & . B AHF AR BT PT AT AAE T8 & 1)
A
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