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Cloning and analysis of rDNA ITS sequences from 11 medical plants in Calanthe
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Abstract: Objective To provide evidences for molecular identification, sequence comparisons of 11 rDNA ITS in Calanthe plants
were performed. Methods ITS sequences of Calanthe plants were isolated by using Polymerase Chain Reaction (PCR) method,
and then analyzed by software namely Clustal, GenDoc, and Mega. Results The full ITS sequences of 11 Calanthe plants ranged
from 652 to 661 bp; ITS1 and ITS2 sequences were 228—230 bp and 256—264 bp in length, respectively, while their 5.8 S
sequences were identical with a length of 167 bp. The variable sites in both ITS1 and ITS2 were 44 and 46, respectively. Parsimony
information sites of ITS1 and ITS2 were 22 and 24, however, there was no variable and information sites indentified in 5.8 S
sequences. Genetic distance among 11 Calanthe species varied from 0.002 to 0.081, and they were divided into three groups in a
phylogenetic tree with species numbers of 5, 4, and 2 in I—III groups, respectively. Conclusion The ITS sequences of 11 Calanthe
plants were rich in information sites, which could be applied for molecular identification.
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Tk, ARIMVE 2B e Mt iR, FIfES
ITEAS . BB STk T 2 A e B —
SE R JRIPRAE X6 T o A AR BB R 244 D) S Ml
M FINERGHAEREIE fae M E S 55
M, FEREZGS AT R R RS

H HTH H I TARCEAR G R#ME B 2
&M Crestriction fragment length polymorphism ,
RFLP). FEAY 32 251 DNA (random amplification
polymorphic DNA, RAPD). ¥ 3 J Br K & 2 M
(amplified fragment length polymorphism, AFLP).
i LB 7 41X [H] C(inter simple sequence repeat,
ISSR) . AKX HIY 1 2 &M (sequence related
amplified polymorphism, SRAP) FlIZF#{A DNA N
% Al f X (ribosomal DNA internal transcribed
spacer, tDNA-ITS) %, EAII{EL D% EH1
A3 R, (DNA-ITS B FAEdRAEE & AR A7 4
AE BN, EMMRGEKE . 7 RANEET R
3 7Tz RN U ' DNA-ITS 7825 R4 2 v
FIRIEIRZ, WEMEE Paris L. 228 Viola L.
EJE Polygala L.. FRJBEJE Salvia L. FIKGKJE
Euphorbia L. 2721 KEFST L 11 PR 22 @AY
FIAFEL, LEDE % H tDNA-ITS 7213t L, FIH
TR AT O R G BRI E, iz
JEAEPI) 73T %5 7€ BL5E LAl
1 #RIE{EE
1.1 #

FEMRBHTL. R WM =SS, SHHE
FHEE, BANEEINE 2 Calanthe alismaefolia
Lindl.. JRPEENE 2 C. caudatilabella Rolfe. =HUFE
=% C. tricarinata Lindl.. ¥M5 = C. discolor Lindl.. =
FRRA 2% C. triplicata (Willem.) Ames. SUBIRNE > C.
reflexa (Kuntze) Maxim.. FFEIFE 2 C. graciliflora
Hayata. KFRMFA% C. sylvatica (Thou.) Lindl.. #¥H7
WME = C. argenteo-striata C. Z. Tang et S. J. Cheng. %t
WA C. puberula Lindl. FIGHERE 2 C. davidii
Franch. fEPIIIM - (R 1), BFCREE 5 AN HEAREIH
JHT DNA $2HL, BREME 2. SIERE 2= FIgE PR
B b, HARARS IR TR
12 {42

A4 C1000 %4 PCR AX (Bio-Rad A#], 3&H);
AEHON— DY Y-12 BUHBKACRT H kA CIESTH N —
AUER) ) A4k Gel Doc XRBHIL BUI% % 4t (Bio-Rad
A, RED; AT (EEBERE SCRAERE

x1 TE=REMHEIR
Table 1 Sources of Calanthe plants

TS T4 T KA 4k /m
1 FEEIFE 2 )1 JE L 1211
2 WHEE S < )1 JE L 1 680
3 ZRRIRE 2 &M 1765
4 g = WK H W 912
5 =R A A JTAREE 1008
6 SO =2 BT R HE W 933
7 BHFEIRE =2 A ALl 891
8 LSELS < e JTAREE 1264
9 AT A =2 2 P R SRR 823
10 AR 2 ZrE AL 1457
11 Sl IFE =2 HE &ML 776

FRAF]D: fHIRRRR (TLI5E A S HIE A PR 2 7))
VAR M (Eppendorf A®], E[E); ##& TIE
G (BMERTAHEREGRAFD; NrEE Allegra
64R FE B H B OHL (Beckman Coulter, ZE[E)D.

2 HE

2.1 E[F4H DNA HIIREX

WFE 22 JE Y DNA FFEBCR A &, 8
RUMEY)HE A2 DNA P BCaA) & W E a5
H & BAEMHEARERTFEAR ALt fMED, #H1E
MR YR UL B 2 it 1) Seae P IR IEAT, DNA % Htkdg
Hl. DNA Zriyktaill, FHE/KMRER 50 ng/ul
FIME, BF-20 CUKFEH RS
2.2 rDNA ITS F5IR0 5%

PLERA 24 @AM - DNA AR, KA @ H
5147 PCR ¥4, Hoiy b iS50
5-TATGCTTAAAYTCAGCGGGT-3"Hl 5’-AACAAG-
GTTTCCGTAGGTGA-3’, ZTFEA T AW TIE (L
W) BAr G BR AR AR fEHEE PCR & H 27 A
2 uL 10X PCR 22 (4 20 mmol/L Mg**).0.50 uL
10 mmol/L dNTPs (Genview ) £ 0.3 puL 20 umol/L ]
v RS, 30 ng DNA f10.35 uL 2 U/uL f Taq
DNA &8 (bntfED, SEITE ddH,0 % 20
pL. PCR ¥ #47E4H 5 C1000 % PCR {3 _EHEAT, 47184
FEFN 94 CHIAENE S min, 94 ‘CAEM:30s, 552 C
Bk 30s, 72 CHEfH 60s, FEIRREBN 320
2.3 PCR P4y EWFaERE

PCR “WI1E 1% BR s e Bk, 72541
ST R EIRCE H & e . SRA PCR/DNA 4lifh
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WA (EEE D REVEARBRAFD HY DNA
B BRAEARSE AR LU B 533647 - FH pGEMX-T
Easy ijfl# (Promega) EH: RN B, 4 CUKFE
B SR G K FE e N\ TransSo B2 5400 (AL
EREEMERGR AT, W H A R

PCR BEJ5, M 3 43 BHAE B v T«
24 FHVH

FE A LA R ClustalX 1.81 #4F; RE0K B M
M MEGA 3.1 8, @M 7 m %
(neighbor joining, NI), £t 1000 X H %0 GC
{E 15K H Microsoft Excel 2007 5¢ .o
3 @RS
3.1 ITS FHIRIrE

FIRERH 5%, H PCRIEWESRT 11 FHiRE
=R HEYI TS 75 Wpas Rk, Sl
Y5 AN BRRI ITS KEEFIF 51l 64— 3. 11 P )
) ITS 4K N 652~661 bp, SIHHFE 4/ ITS

£, KPEERE2IRZ, N 656 bp, —ARUFE .
L FEIR A 20 ITS B (3R 2). 11 Y
5.8 SIFHIKE A, %4 167 bp. FIEHR
B RIBEE 22 SR E 22 A 81 iR A 22
ITS1 £k, N 230bp, JNPEHRE 4. =REUFH4,
KEFURE 22 AT IR 22k 2, 08 229 bp, oAtk
3 FEIR 1TST KEEER A 228 bp. 11 FlNE )8
T TTS2 KJZ LN 256~264 bp, SIHEFHE
) ITS2 e, KERUFE 2k, A 260 bp, I
WA 22 RN SR 4 1) ITS2 £JH, 478 256 bp.
3.2 5.8S. ITS1 F1ITS2 FHIRIELE D4R

JEAI L 25 SRR, 11 FlRE = R A1 5.8 S
FPH5E 45, WA RKIAL AL RS BALA: 11
FhEY) 5.8 S 1) GC HIIH 55.7%, JF 5N E 1 s .
558 S AL, ITS1 AR+ E, FERK
Z WA R AR N BRI R, AR R AL 44
A, s B 22 1

T2 MMEBZEEYITS FHIHWKER GCEE

Table 2 Sequence length and GC contents of ITS from Calanthe plants

me WMERR TS 48 ITS 2K/bp 285 181 1182
K /bp GC/% K /bp GC/% K /bp GC/%

1 PRIBTRE CalITS 654 167 55.7 230 439 257 49.0
2 JRERHR 22 CcalTS 654 167 55.7 229 45.4 258 46.5
3 — R CtrITS 652 167 55.7 228 45.6 257 49.0
4 IE = CdiITS 652 167 55.7 228 46.1 257 49.0
5 T e CHITS 653 167 55.7 229 432 257 48.2
6 ST == CrelTS 653 167 55.7 230 439 256 44.9
7 PHFRINE 22 CgrITS 652 167 55.7 228 45.6 257 49.0
8 KFRUFE = CsyITS 656 167 55.7 229 44.5 260 48.8
9 AT 22 CarlTS 653 167 55.7 229 44.1 257 48.6

10 LTINS e CpulTS 653 167 55.7 230 474 256 44.9

11 LR £ CdalTS 661 167 55.7 230 44.8 264 46.2

TAGATTAACATGACTCTCGGCAATGGATATCTCGGCTCTCGCATCGATGAAGAGCGC
AGCGAAATGCGATACGTGGTGCGAATTGCAGAATCCCGCGAACCATCGAGTCTTTG
AACGCAAGTTGCGCCCGAGGCCAATCGGCCAAGGGCACGTCTGCCTGGGCGTCA

El1 iFEZEEYH 5.8 FIl
Fig. 1 5.8 S sequence of Calanthe plants

SRUME 2 IR AR 2+ 5+175
TEE AoC HARILE, 1E+21 FIAEE CoT B4,
+18 F+19 A7 H I TA BhE . BEGHNE 22/0+55 7.
RIEHFA 24 SRR a2 A8 IR 22 1+140 A7A7
15 A TRESRAIR, F—MENFHERALEHT7T A0,
SARUME L L AR L AR NS S AR 5T C Bl

RN . BRI E 22 AE+49 MAAAERHIN G, HAEZ
BERIHIBRAE Y T, FoAt 10 FEYIN A =BIME 22,
U 22 P RE IR 22 116 AAFERHIL G, A ITE
ZALRIIREE Y A, AR Co A7 2 MR
RBONE N, A EHWA RIS, el
T+157 F1+186 &b (K] 2).
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80 * 100 *

CalITS

CcalTS
CtrITS

CdilTS
CtilTS
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CGTCTTATTCATTgC

CallTS

CcalTS
CtrITS

CdilTS
CtilTS

CrelTS
CgrlITS
CsyITS
CarlTS
CpulTS
CdalTS

* 180 *

TCGAGACC AR gAATA T GAGCGATTCAGaGAAC CGTGAATAAAaGTgG g cA tTgTTgTCACa aATA T

120 *

CaTCTCTTTTGGGRAGGGG

TCGCGCCAAG GAATAT A aaATACAC AGCCCGTGATTGGaCTTagTGGCATGGAGTGCTGATGCACACCATA

aTGATGaagGGcGtATGAARARA CTCAAAcCggcGCAGT

200

E2 HFEZRE 11 MZAREYE ITS1 F5)
Fig.2 ITS1 sequences of 11 Calanthe plants

5 ITS1 25484, 11 oG 2 @ ITS2 751
WAFLEFE IR, U5 R e /AT R0 4 N /R TR
Ro AT RRE, XEEPM ITS2 I 46 4~
A5 AT, Ho (g B A 24 S, AR FRE ITST K.
11 PRI ITS2 JEHILE+85. +127. +165. +166.
+202~+205 F+234 SIAFESRN/ERRILR . CoT
B R R AL, +75. +1164 +128 Fl+131 fif,
M AoG ¥R EE+4, +59. +146. +89. +110
MI+160 SFAL . BRI R KA AE+25. +68, +81.
+82. +86~ +95 F+107 &Ff7 &L, 1fi+34 F+210 7 (1)
A )T NIBAE IR, WA e SO s I 4 (1 3D
33 RABXRENW

FIH Mega B HBMEIE S MR RGKE

B, SRR, 11 FRRE 2R AL FE R
0.002~0.081, “F¥%°4 0.044. JIHUFE 2 59R IR
B A=A 2 s B s 5, $40.002,
R R HYON =Ml E 2L AR 22,
BB AEREA 0.003; —FRINE 25 = RIS
22 MREENR A 22 2 B] AR BE B i K, 33924 0.081,
FGRARRIT (K 3. RERE WL RKH,
11 FRIA 22 JREE R E W LR 5y 3 41, —FH0F
LRI KIFIFE S, FEIVE A8
MHRE = RN —8H (D, IRINE 2 SR =
FRN—H ID, ERp4FETHT (H 4.

4 g

SR AZ A /N TE B rDNA (1) 18, 5.8, 26 S
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* 20 * 40 * 60 * 80
CallTS " B a a " B a . B a s ac a " B BN - a
CcalTS |- - - a a A B ..N- oo oo a A B -B-B- - a
CtrITS W -[- - . . -N- ..-N- aa ca . .N- N - .
CdiITS @ - - - | - o -N- --R- oo .. BH---BE-B-B-- .
CtITS M -- - - o -N- --R- .. .. BH---BE-B-B-- .
CrelTS M - . . N ..N- .. .. a i B AR .
CgrlITS W - . . - . .0 .. .. . .N- .B.N-. .
CsyITS B - . . - . .0 .. .. . .N- .B.N-. .
CarlTS W . . . - ... oa oa . .N- .B.N-. .
CpulTS | . . . -N- . ..-N- .. .. . .N- BN . .
CdaITS - - - - o -1 o --K- .. .. G.NN.. .8 -B-H- - .

AGCgTTGCATCGCTCTGTGCCAACECAACCCeq tAATAGGTGTTTTGGATAAGGCTCaGALGEGTAQAGTGGC CATCGtgCCcaTCa
* * 120 160
CpulTS

CallTS - .
CdalTs -

CcalTS -
gc CG TGGGTTGAAGAgCGgATTATcATCTCATTGG cCAcABA AACAAAGGGTGGACAAAAGCtatgAGCAA TGCCTATGTT T
CarlTS

CtITS -
*
.B---Bc K. ]
CpulTS y B d |

CdiITS -
CdalTS cTTgTGTGCc tGAGAaAAARRA TTAt tACCTTCgAGGTGATCCCAACCC ATGCGT G TC ACATgCGgCGGCTTGGAAT

CHITS
B3 EZRE 1 FHAREYE ITS2 F7

CrelTS
CgrITS -
Fig.3 ITS2 sequences of 11 Calanthe plants

CsyITS -
CarITS -

200 * 200
CallTS

CdilTS
CHITS

CrelTS
CgrITS
CsyITS

®3 IMEZRE 1 MAREYRIREGES
Table 3 Genetic distances of 11 Calanthe plants

ITS#FR CallTS  CdalTS CcalTS CulTS CdilTS CtITS CrelTS CgrlTS CsyITS  CarITS  CpulTS

CallTS —

CdalTS 0.040

CcalTS 0.040 0.045

CtrITS 0.040 0.045 0.003

CdilTS 0.014 0.038 0.043 0.043

CtilTS 0.067 0.072 0.081 0.081 0.072

CrelTS 0.038 0.043 0.002 0.002 0.042 0.079

CgrlITS 0.011 0.042 0.041 0.041 0.014 0.065 0.040

CsyITS 0.014 0.043 0.045 0.045 0.016 0.072 0.043 0.014

CarlTS 0.057 0.065 0.074 0.074 0.062 0.022 0.072 0.055 0.060
CpulTS  0.027 0.042 0.045 0.045 0.029 0.076 0.043 0.028 0.032 0.065 —
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Phylogenetic tree constructed based on ITS

Fig. 4

sequences

ITS 44 ITS1 5 1TS2, 18 S. 5.8 S, 26 S
BB+ orsr ., HETS B mEREX ITS1
FITS2 fERAUEFE BT Z R J180N, AR 37
MEEAM SR, THTOMSTEE. 4
WA O S AR 23 2K T i R Gk B T e
75250 7IL) TTS2 9 DNA 6 TR, % 7 [ 261 g 24
MBHT SRR, 250K 1TS2 AP I Lkl e
SXIF. HEEE RS 11 R R
Y ITS 75, RIVENE B ST +EE,
AT 7%, BARSRI A TS %ein &8 i
W), AR BIAR AL A 232 NFIME AL A 53 4N, AT
FIT 7 R %52 o #4k 7 S0 D I 2 KR
Zi PN ITS [FHEAT 78T, KIS Fhsid
WX 6 FALRA R, BIIEAERR 9 Fhisl)E
Bupleurum L#AT [ 45E, AN ITS AINH TZ)E
TV F %00 ARFTEH, 11 FHERE 22 B0
ITS FA R AR AL A 90 A, Hirh {5 EAL A 46
A, XA SR EA A X .

ITS1 AT ITS2 Z 8 f 5.8 S 541l 5 + (R,
5.8 S TEREALH BTS2 R 130K, PRI 51K P ROk
SRR AT BN o 25 R IT e 1 Tl A 3
J& Taraxacum F. H. Wigg. 4 MHEY) 1TS 751, KL
BAIH 5.8 S KN 162 bp, WHDZRAIAN. &
i 2P A T A LXK 11 M T 8 Syringa
L. YT REKE T, K58 S KKETESE
—5, JPH ERAERR A, BIEEHIR . L
Gl S M85 N 28 Polygonum L. JRZE 6 Fib
YT (DNA-ITS ¥4, 450K, ©11 58S

FPHIKESS A 165 bp, (UH 2 MERALL. RE
Morus L. THYIK) 5.8 S hAF4E—E IR, FREE5
M. mongolica 1] 5.8 S I E N 154 bp 4F, HAR
12 Ff (AEFD KN 152 bp, BE4h, 5.8 SHY
T H AP E— B 25+, GC 1H 42.1%~55.3%4
2261 =4 25iF} (Saururaceae) FHAWMN 5.8 S KJF
N 163~164 bp, AAEFALE 20 /S, HH 3 ARG
B BHA A0S R FE N 0~9.877%, Ui 5.8 S
SEMEE. FHREBNASGREG &5,
ARWFFCF, 11 FHiFE 22 B Y 5.8 S FPHIHIK B
9167 bp, AR IWAZ AL UAME BAL A, Ui X EehE
Wit 5.8 S (I3 15

55 5.8 S AL, ITST A1 ITS2 F-K: 5 A ik 40 %,
BRBNFE. wait, Y 1TS1 fKER
187~298 bp, ITS2 KK JE A 187~252 bp™*l. K
43 ITS1 FITS2 KR &X —guit- i, WA
PAERE AR S MREFII ITS1 K N 194~206 bp,
ITS2 K9 214~231 bp; T A & BRI 1TS1
(1K 9 255~256 bp, ITS2 ¥ 224 bpP®; T
JEFEYI) ITS1 4 239~241 bp, 1 ITS2 4 222~223
bp*: A B Dendrobium Sw.iEYIN) 226~235 bp
A1 241~247 bpPl BB A HI 41, W05 @AY ITS1
K2 181~197 bp, HA B4 H S ITS1 KA Y 181
bpP®; [RH & Saxifraga Tourn. ex L. 1117 R414H
VI ITS1 4K JE N 247~316 bp, i ITS2 4
N 66~238 bp, RIFEHKAL. AWFH, 11
Pl =2 BRI 1TS1 741K 228~230 bp,
ITS2 24 256~264 bp, ITS2 FIKE KT Baldwin
L2 i L

AWFFLL 11 FPlRE 2B Y R, 75
ITS &K FHIMERSE, XPeiIHT T Xt b,
SE LR BT ITST A ITS2 w28 S A7 s RS B AL a5 3
B, W H T IXEEYIN STS T
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