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Abstract: Objective To explore the classification of Dendrobium christyanum by using DNA barcode technology, and establish a new
information mining method for ITS2 secondary structure. Methods Extraction of DNA from 14 Dendrobium species belonging to 5
groups. The ITS sequence (ITS1-5.8 S-ITS2) was amplified by PCR and sequenced to obtain ITS sequence. Based on the sequence
information, the genetic distance was calculated and the phylogenetic tree was constructed. The secondary structure is predicted, quantified
and clustered. Results The genetic distance of D.christyanum are closest to Dendrobium longicornu and D. bellatulum belong to Section
Formosae. NJ phylogenetic tree and ITS2 secondary structure cluster diagram also showed that D. christyanum and Dendrobium species
which belong to Section Formosae were divided into one branch. The secondary structure of D. christyanum is consistent with that of
Section Formosae. Conclusion The relationship among the D. christyanum and Dendrobium species of Section Formosae are the closest,
and D. christyanum should be categorized as the Section Formosae. The newly established quantitative analysis method of ITS2 secondary
structure can provide more classification information and have higher classification potential. This is the first time that DNA barcode has
been used to classify and identify among Dendrobium groups, which provides an important basis for the identification and classification of
Dendrobium resources.
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i1t JE Dendrobium Sw. 2 %%} (Orchidaceae)
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Table 1 Sample information of Dendrobium

i E g2 GeneBank 5 Wil A
1 & A firk D. strongylanthum Rchb. f. MK522252 4 =M
2 HERCA D. porphyrochilum Rehb. f. MK522255 Pl
3 Pyayi D. lindleyi Rchb. f. MK522261 ThH-21 =
4 B D. sulcatum Rchb. f. MKS522262 =M
5 KR A D. longicornu Rehb. f. MK522197 BEAH =
6 ey D. bellatulum Rchb. f. MK522222 pN]
7 T figk D. terminale Rchb. f. MK522256 il Lpee =
8 AR i} D. hancockii Rehb. f, MK522189 A g
9 A D. harveyanum Rchb. f. MK522195 =
10 Eixey D. loddigesii Rehb. f. MK522196 =M
11 it b A D. gibsonii Rechb. f. MK 522204 =
12 DA i D. lohohense Rchb. f. MK522254 =
13 S ey D. aurantiacum Rchb. f. MK522265 pg)i|
14 W21 A fit D. christyanum Rchb. f. MK522207 R E =

1.2 {55

A EHSAURERBEA (RS S R R E R
7)), Sartorius BP121s Hi-F4r#1KF (Sartorius 2>
A, f8ED, UPT-II-107 H3% RAEEAKES (A
K BHE AR AT, T100 PCR 1. H BhkEk k&
R IR E R, KA. HIKAE (Bio-Rad
Adl, EED; MK200-2 BIT2UEIGH (BTN B

XA A PR A ] D+ Allegra X-30R Centrifuge 15738 /4%
0L (Beckman Coulter A, E[E). HVE-50
T R 787K K # %% (Hirayama A&, HAD.
VOREX-5 BURIEIRA &% 7 HAR DRSS
EARAFD; fHY) DNA FEHOAF & (CRIBAE}
FAEBRATD: 5140 A E R B AR AR AR 2
H B o
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2.1 DNA {2EY. PCR ¥ &K N5

B A fHRE B 2 100 mg, IMATREE, Bk
BREEACHIFES 3 min (30 ¥K/s), FIAEYI DNA $EHGA
A EHEHCE DNA. DAFE S DNA FE MR, %f ITS
AT PCR Y1, IE[ 5|9 P1: 5°-CGTAACAAGGTT-
TCCGTAGGTGAAC-3’ , = [\ 5| # P2 : 5°-
TTATTGATATGCTTAAACTCAGCGGG-3’. JZ MfAk
%N: 25 pL 2 X Easy Taq PCR Super Mix, 1E/% 5|4
% 2.0puL, 1.0 pL i DNA 120 pL 7%187K. PCR
PIFEF N 94 CAME 3 min; 94 CAME 40 s;
56.4 CiE-K 40 s; 72 ‘CHEA# 5 min, FEIF 35 K.
P 1% B IE R R vk i Al s, 6%
SR SR ERAE M ARA PR A =TI T .
22 HURALIE

Fa BTS00 70 R A Codon Code Aligner V
6.0.2 (Codon Code Co., FKED FHATRXPHE, B2
IV AR E T8, KRG 511452 3156 [
SR R {E B by ( National Center of
Biotechnology Information, NCBI) #1T Blast LX,
FASHRUEN ITS1-5.8 S-ITS2 5 ITS2 (ARG IX 741 K
F MEGA 5.0 i+ K2P (Kimura 2-parameter) iztf%{E
5, AR s m Ak XS P PR R G0 B
HIANGRE, 4R (neighbor-joining, NJ) REK
B, HAHRYE Bootstrap (1000 YK K573 (1)
THEER, K ITS2 B S5 R AT T Chttp://its2.
bioapps.biozentrum.uni-wuerzburg.de/) . W& 245

VUAMRTR IS A2 LSRR NS E P A5, SR
SPSS 18.0 GE it /3 M A X Fdm AT K e #r o
3 ZR55H
3.1 ARLITS FoISHh

HHEE 2 I AL, 14 Mt 1TS P50 327 M8
SO, ABREEA 50.9%; 5.8 S FHIA 20 N
R, ZRHERN 12.3%; ITS1 JFHIE 157 NEERAL
B, ARSEFA 65.6%; ITS2 A 150 NEFhr A, 4%
FHEN 60.5%, LRFER/PNIGF: ITS1>1TS2>
ITS>5.8S. HILAT W, 5.8 S FERFFA# TR,
TEPFPIRI AR AN, T P9 % s (I B X 1TS 1 0 1TS2 1
NAEGRAYIX, AFFRLAE 60%LA F, XS ITS
FEAWE AL 2R R . BRAh, 1 NS A R g s
Fr 5L EFCN GC & &, GC &, DNA 1)
R, HAA SRR Mk, ITS X3 GC
AL 47.2%~54.5% CE¥IESEN 52.0%), 5.8 S K]
GC &AL 56.4%~59.6% P45 &N 58.3%), ITSI
) GC & &AE 43.2%~53.3% CPFHEEN 48.9%),
ITS2 ) GC FEAE 44.7%~547% CF¥I&EN
50.6%), GC & & H/NFIRIF A ITS1<ITS2<
ITS<5.8S. ZERKIM GC & EAIR/NIF 58575
IRFPAE LA e, FE AT LA 4518 GC R,
DNA J7A e AR AR, AR S iy
32 EBEHEESHh

2 RPA LB E Y S s A AR AL, A
B =AMk (AF362911) ITS 4 A4MNERE,
514 MO ITS JP A0 L85 P B AR R (3% 3D,

F2 14 AR ITS FIER

Table 2 Information of ITS sequences in 14 Dendrobium species

o K& /bp GC/%

Gl ITS 58S ITS1 ITS2 ITS 58S ITS1 ITS2
it J& A figt 642 163 229 246 472 56.4 432 447
LR R fiR 638 163 228 227 477 56.4 43.4 458
ey 618 163 229 248 50.5 58.9 48.0 472
FREH it 640 156 239 247 53.7 59.6 51.0 52.6
ISEpey i 642 163 228 247 53.9 58.3 52.6 52.2
2 it 638 163 229 247 54.5 58.9 53.3 52.6
T i 639 162 232 248 51.6 57.4 46.1 52.8
a0 figt 642 163 229 245 53.7 595 48.5 54.7
A it 637 163 230 243 52.8 58.3 52.6 494
EZIvey 636 158 236 244 50.6 58.9 43.6 52.0
it il fist 638 163 228 243 52.5 57.7 50.0 51.4
B A it 634 163 232 243 522 58.9 50.0 49.8
e fiet 638 163 229 244 54.4 58.3 49.8 50.8
Faw ey 640 163 230 247 52.4 58.9 53.0 52.6

AR AT 1 327 20 157

150 — — — —
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Table 3 Interspecific genetic distance analysis of Dendrobium

£kl 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1

2 0.056

3 0.252  0.256

4 0.233  0.238 0.148

5 0.241 0.254 0.138 0.111

6 0.224 0.235 0.130 0.099 0.026

7 0.277 0277 0.211 0.185 0.198 0.180

8 0.261 0275 0.135 0.143 0.136 0.126 0.204

9 0.257 0274 0.152 0.151 0.139 0.127 0.195 0.119

10 0.293 0.299 0.191 0.179 0.156 0.148 0.242 0.155 0.165

11 0.230 0.239 0.161 0.139 0.127 0.113 0.206 0.121 0.133  0.163

12 0.273 0.284 0.171 0.166 0.158 0.142 0.218 0.132 0.125 0.159 0.154

13 0.275 0279 0.184 0.175 0.152 0.142 0.225 0.127 0.133 0.157 0.150 0.122

14 0.224 0.235 0.130 0.099 0.026 0.000 0.180 0.126 0.127 0.148 0.113 0.142 0.142

B 3 AT, 14 Pioq At R (] it PR S 78 0~ =
. s I £ it

0.203, Feh Rt IR AL I B K 0.056, T4 o
¥ > =T \ > = % e
3B AE B B 0148, 5B B 40 1] 3 4% B B A T iy
0.026, FifEHLII AL SR BS A 0.119~0.155, N[ LEom

¥ N B = r=n AN i
YIRS AL B B L 2 e . AL SR B L A o
(388 1 AL S v, 5 LA IR AL BE B 397E 0.224 s IO
Db, MBS A IR 0.113 DLE, & onee

—H 57 27 B N 27 b i
B S S A I N v, HLAH R 4% ATEL

i, SEE AT AN SN 5K . LA
5 R EHPBA RS KA B EE I SR,
A0y 0.0260 [RlUtk, IR EE S 1M FESr T,
A TRE T BEBH. A, 14 Fia 5o
A m APk AL BE B YRR 0.239~0.360,
BAR L m T A AR IR RS, 3R R P
e AR AR T AR -

33 REGAENSHR

FR 4 ITS1-5.8 S-ITS2 [FHIX i B A fitie i 5 =
AR E NI RGO EM, FIH Bootstrap 1000
RIS &5y SR (B D).

B NI REUR B, SRRk
FIRIE, HiJEAMARERARILL 100%H) S RFZ
BN—3%, HESIMHAER T ARG, (H3FF
RAL 44%; At mhira g airEa s A
fiits EEAMH DA RS 2 A RHX 6 Foa i LA
53%MISCRER A —30: Tt A A AR S A
PSR R RBIL, RIERN—3 BAAHEE
BHREA R KEEAMLL 100%0) SRR N —
Ho HULATCUEH, RGKE W RIREE RFRSL

1 4#HARNRELEN (NJX)
Fig. 1 Phylogenetic tree of 14 Dendrobiumspecies based on
NJ method
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BT 14 Pl 1TS2 241, 2L — g as i
(B 2), iTLUE B =R A5 4 MIRTE X 4H R (Helix
I, I, O IV), @it 14 Fa it g g
Wedef . KEURZEREH (B4, KA “dlniE
B ik, FRUAE TR IR BE B O AR AT RSt
BHRoaHr (E 3D,

MR “aTIREs” (B 2) vLEH,
A KB A R S MR AR Y R e A — B
ZERGBEAER. RARKEM—, FFECRRE
R A R T BB . A KE O i s
P B UREE, WRERA I . 2RI H DL IR e
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Fig. 2 Secondary structure of ITS2 sequence of 14 Dendrobium
Fz4 ITS2 ZHENELER
Table 4 Quantitative information of ITS2 Secondary structure
o K /em FAFE° WHUA
IRl MEREIl BRI MEREIV. AE L M2 M3 IBBEL IEHEN BRI WEEIV
Tt JE& A it 14.71 2.46 23.55 6.74 135.7 69.6 68.6 5 1 8 3
HERCA 952  6.09 21.12 6.38 50.3 89.8 149.3 9 3 13 3
FH 13.06 274 30.60 245 70.2 57.2 89.8 9 2 17 1
B it 1342 596 21.53 7.04 62.7 80.4 148.1 11 1 15 4
K BE A fit 1265 635 20.68 7.48 35.7 33.6 34.5 9 1 13 6
A 1289  6.25 20.61 7.42 34.7 34.7 33.6 8 1 13 6
T i 10.68  6.85 20.24 7.04 54.2 31.1 127.8 3 1 9 3
YA fiR 13.41 5.87 23.01 5.99 66.5 34.0 179.4 8 1 17 3
T 1292 5.45 22.78 5.96 52.1 51.1 120.2 6 2 12 3
EYiZayi 12.66  5.74 21.09 5.87 55.8 39.1 186.8 8 2 15 3
it b A fi 1349  5.88 21.70 5.43 56.3 419 165.5 8 5 13 3
%A i 1285  5.88 21.78 5.94 475 32.7 190.8 9 1 14 3
LA it 13.01  5.89 18.23 5.95 28.9 85.5 169.8 6 1 6 3
W 21 it 12.91 6.33 20.63 7.52 34.5 34.1 33.9 8 1 13 6
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Fig. 3 Clustering Graph of ITS2 Secondary Structure
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