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(1. RN A2 MR 250, =8 B 650201 ;
2. AR KA VE RS 2R RS EET S R E R A TR T, g BRI 6502015
3. mEN R mEE A IEYAE Y AR s, = B 6502015
4. R R A2 A FAR S BE, =R B 650201)

WE: [ HW ] ik 438 8 DNA SIBH0 5 6 7 i s i 5 2 25 FH A it (Dendrobium) Bk [ ik ] A
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trnH A1 matK J3 50 AT 584 FW)T 5 FAAEYE B 22T 5 R-IE . DNA Z5T% 15 )7 51 [8] % (barcoding
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Abstract: [ Purpose] To screen the appropriate DNA barcoding and to establish a fast and accur-
ate method for identifying medicinal Dendrobium. [ Method ] A total of 82 samples from 12 medi-
cinal Dendrobium species were used as materials, after extracted the total DNA, ITS, ITS2, psbA-trnH
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and matK sequences were sequenced. Sequence characteristics, DNA barcoding gap and phylogenetic
analysis were used by bioinformatics software. [ Results ] The amplification success rates of the four
sequences were 100%. Among them, ITS and ITS2 had the highest sequencing success rate at 97.6%,
then matK at 96.3%, and psbA-trnH at 95.1%; compared with other sequences, ITS and ITS2 se-
quences had fewer overlaps within and between species and had barcoding gap. The phylogeny
showed that ITS and ITS2 sequences could successfully distinguish the 12 medicinal Dendrobium and
its adulterants. The sequence of psbA-trnH failed to distinguish the three species, D. aurantiacum
Rchb. f. var. denneanum, D. aurantiacum Rchb. f. var. zhaojuense and D. fimbriatum and their adul-
terants. The matK sequence failed to distinguish D. aurantiacum Rchb. f. var. denneanum and D. fim-
briatum; the phylogenetic tree constructed by combining four sequences was similar to the phylogen-
etic tree constructed by ITS and ITS2 single sequence. [ Conclusion ] The DNA barcoding identific-
ation method based on ITS and ITS2 sequences and supplemented by psbA-trnH and matK sequences
can quickly and accurately identify the medicinal Dendrobium and its adulterants.

Keywords: medicinal Dendrobium; DNA barcoding; phylogenetic analysis; molecular identification

BEER, %, AHARAHIRM I DNA KIS %E 863

1 f8HE (Dendrobium Sw.) Fi%) A 2B} (Orch-
idaceae) [ffEBiAC, HEA 76 Ffr, FEpALELE
M PUREHLIX, Al VEZG A 40 x A, B
A5 RI . A & 20 AW
GRHA R, BAUER . IR AR I
BEAEDNR T HE AR AW 5 2 AN E
Tk, mgFRRER, ToIHRA T2 A
AR = L R4S Ak, AfE YR
GANEIE SRR A00L, A2 b s IR A 4
AfHE . Ak A 522w SR se Rt
fRHELA f5 1 AR RGBT AR TR, TR YT IR
W, A0S, SRR, BT, WiE
BHONR, B, BZE5 I, BHEEAM,
BT AR IE AT 5 BRI IR AR A
Ak, HTRITiza, S0m, ek, nhim, %
i, WP, Hal, RS AT, AfRS Ak
B IR DI RERSRANE], 1 5 TS A R 258
LGRS MR, A TR UEZS A
MYIGIRIT RO A, BRI —FP T B = R
YETE TR A THERR I 22

TR 58 1 55 5 T VA ME L) 58 4 SN 24 6 1 o
W% 5E . DNA %&JEHS (DNA barcoding) f&—Ff43
T2WHR, T 2003 4l &R K41 HEBERT
BEE WAL, FER R T 1 B AR
WER) . FIXTEEJE RS DNA FBE, XIS Y AP idEf T
P | ERRHL IR AT E . DNA SIE AR
PRI R, R T MR AR R, B
IR YN E N R G i A BT B,
HAr, EFs BN DNA 5B ik 5 4]

F A ITS, ITS2, psbA-trnH, matK Fl rbeL!"”,

CHEZG ) 2015 4F iRILZER DNA S&IESH AR TS
SIFE NS, TR ZER H ITS2ITS Ry &k
& psbA-trnH 4l 1) 1 25 44 48 € A & . CHEN
AEUS SR YR HES7 T DL ITS2 W% 0> . psbA-trnH
WM R 2G 4 1) DNA SIS ER R, JFR
HLLITS2 JPA/E A Y8 H DNA 50080, R
T T 2 S RE T .

DNA I A5 H ARTE A7 5t Hf 19 7 FH BOR
Iz KSR DNA & IE S+ AR B s
XA B PR, AR DL & B i (D.
nobile). A (D. fimbriatum) LA} (D.
densiflorum) 55 12 Pk A L 82 AMFEA MAFFE
BRE, DI SE BB ITS #1 ITS2 J5 51 L K i 4
T K Bt psbA-trnH Fl matK J¥ 51 2 BF 58 %
%, I M GenBank %4l % H T 4% 44 A A i
KR al, LI S350l 125 F A ek S HHR
PRt E RHERR S8 T, 2 A IR IR Y
BRI 22 4 ] AR AR B

1 RS

1.1 #HEl

WG T DNA K0 82 (25 A
AT RHA SR F 2 g B 22 AR R R AT RN 7] 22 )
YR TR, FEREERA M. ).
AU 58 I EFAME ROk A 24 R RE, A RE
i 351 H 2 R A KA 2GR T 5 T RN [ L2 B
RIAEPIT TR C L R T4 (% 1), $EiE
PRALR B FE 2 B AR K2 = r 48 24 A A= 2
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R, Tk 12 Foa e T LR T
WX oA, 2% miE W EPET DNA KIBR
SR, BN R YA AR B T R4 5
Ph b, SRS R AP A AR BB R AR 5~7 BRAES)
AMRR YA BT R, BRUS AR TR YRR A
A3 XA R R R G 2. FH 75% 11 S
WHPEM R AR, JF IERA R IO R AE 2 WK R G
5, SRIE HRE RS PR TR A 80 °C VKA IR R
7o M GenBank 4l 72 T 2 AH A fkFh A IR Y

m T 44 % (3% 2) IR S20MT.
1.2 Y4 DNA FIHEE

FERFER LA 0.2 g A fEETEENT F, IR
RARTR, PO 7S L, SRy
MR CTAB VE#E/T 44 DNA M4, K
FEFE-20 °C UKAE, Bl DNA KAERE#

il 514 A PCR 2 W 4% {42 % CHEN 4§
WIRESE , S AR R A IR R R
BA L ITS, ITS2. psbA-trnH & matK 43

*1 ARBREMEEARERR

Tab. 1 Sample information of Dendrobium species
e 45 i HE brA5 KL
serial number group species name quantity specimen No. collection place
| At =3 evay 7 DO 1.7 A B Tengchong, Yunnan
Sect. Dendrobium D. aurantiacum Rchb. f. var. denneanum Ql- 2B 3 1l Wenshan, Yunnan
Fifite RUBE A i o . .
- I K h
2 Sect. Dendrobium D. aurantiacum Rchb. f. var. zhaojuense 3 SBDQ 1-5 PA)1I B e Kangding, Sichuan
3 A SR ; c17 J i E f4 Baise, Guangxi
Sect. Dendrobium  D. nobile ) Z ®A1BF Shiping, Yunnan
Fifite iDIY ey i} — ey )
4 Sect. Dendrobium  D. fimbriatum 7 LS 17 =W Pu're, Yunnan
ek SR R — "
3 Sect. Crumenata D. exile 7 JH1-7 = MBIH Mengla, Yunnan
p T2 it A fig ; SHUC 1.7 g5tk JTinghong, Yunnan
Sect. Stachyobium  D. strongylanthum . = M Ph Tengchong, Yunnan
g1l 41 175 B
- NEZB-e hong, Y
7 Sect. Aporum D. acinaciforme 7 17 ik Jinghong, Yunnan
[ -2 TP A st e ;
8 Sect. Strongyle D. hainanense 7 AN 1-7 i#§7 =1 Sanya, Hainan
MY 7 5
9 AEA @*EEM 7 CG 1-7 7 P8 Bh#F Menghai, Yunnan
Sect. Formosae D. trigonopus
ToiH-28 WACH — ;
- A PAR
10 Sect. Chrysotoxae D. densiflorum 7 MH 1-7 ZF4LIF Honghe, Yunnan
PRFEL VIR it -
1 Sect. Pedilonum D. salaccense 7 Zz1-7 ATy} Mengla, Yunnan
5] é 1 He N .
12 A el 7 GZ 1-7 J 74 E & Baise, Guangxi

Sect. Breviflores

D. aduncum

%2 M GenBank F T"HFFER

Tab. 2 The information of sequences downloaded from GenBank

F14 species name

%% 3%*5 GenBank accession No.

ITS 1TS2 psbA-trnH matK.

B D. aurantiacum Rehb. f. var. denneanum KF143450.1 KJ658336.1 KF177489.1 —
SBUEE D. nobile AB593619.1 MH120176.1 KP412226.1 —
WA D. fimbriatum KF143461.1 KY508521.1 — —
SR D. exile KF143457.1 KY508520.1 KF177496.1 —
WiEf it D. strongylanthum KJ210499.1 KJ658335.1 KF177553.1 —
ST 8k D. acinaciforme HQ114253.1 KY745818.1 EU887944.1 —
WA it D. hainanense KF143466.1 KJ210451.1 EU887943.1 —
AE Al D. trigonopus KF143522.1 KY508539.1 FJ216467.1 —
FEACL S D. densiflorum KJ210438.1 KY966533.1 FJ216487.1 —
Ik it D. salaccense MK522259.1 KJ210494.1 KF177545.1 —
HPRA R D. aduncum KJ210409.1 KY508509.1 — —
S A1t Flickingeria comata AY240015.1 — KC811575.1 KF361638.1
WM& A Flickingeria fimbriata KY966573.1 — — KF361639.1
Filikk Pholidota chinensis. KY966650.1 KY508583.1 — MK607427.1
Ak Pholidota yunnanensis AF362911.1 KY508589.1 — —
A 5 2% Bulbophyllum odoratissimum FJ428222.1 — MK177964.1 FJ216638.1




5 1

BEER, %, AHARAHIRM I DNA KIS %E 865

I 3, PCR Y HUAR BB R 25 uL: 2xTaq
PCR Mix 12.5 uL, DNA #ifflz 2 uL, 1E. S2la 5]
Y145 1 uL, ddH,0 8.5 pL. ¥ W5Eni)s, H 1%
IS HEE IS VKT PCR =4 TR o B 14 1
[) PCR =ik ZHERE YRR RRA R, #1713
Y

3 FFI5IM
Tab.3 The sequence primers
B GBIk JFHI (53"
fragment primer sequence
IS SF GGAAGTAAAAGTCGTAACAAGG
4R TCCTCCGCTTATTGATATGC
ITS2 ITS2F ATGCGATACTTGGTGTGAAT
ITS3R GACGCTTCTCCAGACTACAAT
psbA-tmH PA GTTATGCATGAACGTAATGCTC
TH CGCGCATGGTGGATTCACAATCC
matkK 3FMK CGTACAGTACTTTTGTGTTTACGAG

4RMK  ACCCAGTCCATCTGGAAATCTTGGTTC

1.3 Hdmab

18 1o P PHEE A Seq Man XA I0 3R 75 ) XL
) PP 2 R A TR P, BRI 1 P 41 e 5 |
PIIX . BT RS RB R (HMMer) 1985
LY, JiBR 5.8S I 28S X BLFRAT ITS2 [ X T
51|, fdi ] MEGA 7.0 (molecular evolutionary genet-
ics analysis) AT IFHIRHIE . DNA KL 7
51| (] f% (barcoding gap) F1 R4t & & 7 #r; FIH
Edit seq B 4XT 4 258574 A, T Kimura
2-parameter (K2P) B AU {1550 Ff iy 1A (1] 52 4% 1 25
KAG#E NI R LEW, HHZKK (bootstrap
test) A B0 F 4845 43 S 1Y B AR B, EPEER 1000
W, SZRPRAUBR =60% MIEUE.

2 BRERH

2.1 X DNA 2. PCR ¥ 1}z 7
X FE I 82 KR S 1Y B DNA #E A7/

DNA Z5air ¥ B 52 HWE s AL 4 0 51 9 xf
& DNA 7 Beilt4T PCR ¥ 3, 4 3=y 2 o
. R—WIER AT, 4 SN i 3 R
1 100% (& 1) MFEEREH . KREZE0F 5k
MZE R FA, IR BT . R4 1ITS 5
ITS2 JEHNIF R i i 97.6%, HAKE matK
JF5h 96.3%, psbA-trnH JFHEALHN 95.1%; 4 5%
FEF I TR ik 95% LU L, ¥l TR
LRI BAE T -
2.2 JPHRFESHT

2 4 AT A T8 ey ITS P04 93 4%
ITS2 [¥51 91 4%, psbA-trnH J¥31] 93 454l matK 7
51 82 2%, H:AP 415G GenBank ¥4 22 o 2k
11 45 ITS JF¥41). 11 25 ITS2 JF4IH1 9 4% psbA-trnH
T4 XIS 87 91K BE S matK>psbA-trnH>
ITS>ITS2, #/NT 1000 bp, i EFAE) DNA 5%
A K R ESK . GC & 8 ITS>ITS2>ps-
bA-trnH>matK, H: # ITS #l ITS2 #4111y GC &
H 5 psbA-trnH Al matK [ GC & # 22 R K.
ITS2 JPHNAE A i 22, 7 M s BT 65.6%;
ITS J¥ 50 28 540 5 7 LA 409 58.9%;  psbA-
trnH 7918 S0 s o B S 14.9%; matK T
SR A7 i Ee D, AN S S 11.5%.
2.3 DNA ZJEH5 351 [l 5& 43 bt

B 2 AT 4 5507 50 0 B iR BE 25 R
ITS2>ITS>psbA-trnH>matK , %X {H 43 51 & 0.238 .
0.180. 0.031 F10.019; Fp P P fLHE 2 1TS2>
ITS>psbA-trnH=matK, ZU{E45124 0.009. 0.007.
0.001 1 0.001; &l V-4 35 /% FE 25 4 ITS2>ITS>
psbA-trnH>matK, FUE53i4 0.260. 0.195. 0.036
F10.021, Zad HEXF AT AT . ITS2 J¥ 51 A A8 53 1 e
K, matK fil psbA-trnH JFFIE RS, 1TS J¥515

FE: M. 2000 bp DNA Marker; a) &£ ¢ (1~7) FVEERG 4k (8~14) B ITS )53 5 b) HiIB Ak (1~7) ML (8~14) BY ITS2 J$31; ¢) BHEA
fit (1~7) FIEHBEA T (8~14) (1 psbA-tmH J$31]; d) 8L (1~7) IR At (8~14) 1Y matK JF51

Note: M. 2 000 bp DNA Marker; a) ITS sequence of Dendrobium acinaciforme (1-7) and D. hainanense (8-14); b) ITS2 sequence of D. strongylanthum (1-
7) and D. densiflorum (8-14); c) psbA-trnH sequence of D. trigonopus (1-7) and D. exile (8-14); d) matK sequence of D. nobile (1-7) and D. fimbriatum (8-

14).

El1 #oHdE PCR ¥ HEIRBE PR A BRIk E

Fig. 1 Agarose gel electrophoresis with PCR amplification of some samples
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ITS2 J75 AT 345 R A i) 35t 4% 1 5 e S5 R BOH [R
JFHESE, Kk, ITS #1TS2 JFHlgiA B
A HAH DNA ZRIEH HRHE
24 RAEKE T

M & 3 A0 ITS F1ITS2 [F50 R58 2 B i
G313 32, F 12 el A SR PR i X A T
I HBEA B R R, WS E; psbA-tmH ¥
T RGELEBW R 93, HIXArH 9 Fiffit,

KAt AR SR am . SEEE A BT 5
AR O 5 X 20T s matK R RSk B W
3R 1132, B 10 Fgh F A SRk SR B B X4
BB A 0 8 A ERR A R X A3 TF .
47T 4 FPIRG BN RZ KBTS 1TS
FITS2 B SR 1 R G0 & B4 SZ ML, (H
R e, Kt, ITS 1 ITS2 BN 25 A
BHI S ERCRAL T psbA-trnH Fl matK J#51]

R4 4 FFIVE 12 MZ A AR HEFTIHE

Tab. 4 The sequence characteristics of four sequences in medicinal Dendrobium species

TiH item ITS ITS2 psbA-trnH matK
751 5. %0/% total number of sequences 93 91 93 82
Lb X 5 7 514 /bp sequence length after alignment 725 253 815 823
GCF-¥4) % &/% GC average content 53.6 51.6 34.2 32.2
A5 AL, variant sites 427 (58.9%) 166 (65.6%) 121 (14.9%) 95 (11.5%)
FR5FAL A conserved sites 291 (40.1%) 87 (34.4%) 694 (85.2%) 728 (88.5%)

#2915 JEAL . parsimonious information sites

360 (49.7%)

157 (62.1%)

113 (13.7%)

85 (10.3%)

— N intraspecific
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= 5 > R R R
£ FFFFTESS S S
gy NSNS NN NN
& 2 A A A A A A A
o O
Rangi =]
ok % 80  psbA-trnH
i
# 5
=3 60}
H
E
2
=)
40
ZO-H
0 L L I
A > & o XD b
N PN O NS
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mmmm /(5] interspecific

60 1152
501 m
40 [ []
30|
20|
10
0
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F I TSRS
NN NN NN NN
F § & & 8 & & & &
F F I FFS L YR
NN NN NS AN
B A M Y S S )
70 r matK
60
50
40 +
30
20
10 +
0
QL O S DD D N
S I I I IFEFS

K2P i &R
K2P genetic distance

El2 4 FZF5IHEMEFTERE

Fig. 2 The barcoding gap diagram of four sequences
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e N-

D acirxac\form Ye - 7 o - DD.saJaccense ZZ-4
acinaciforme -2 -Safaceg
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&
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= )
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H R
> ‘I
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TE: FAMAEARCIRFRLE NCBI AU T8I0 A FHE

Note: The five pointed star mark represents the Dendrobium adulterants downloaded from NCBI database.

3 ETFITS. ITS2. psbA-trnH 1 matK B FFHEH NJ REG L B
Fig. 3 NJ phylogenetic tree based on ITS, ITS2, psbA-trnH and matK sequences
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Fig. 4 Construction of NJ phylogenetic tree by multiple sequences.
NI
3 e BRE IS JF815 1TS2 J7 41 (7 iyl ) 14 B

3.1 AfiEfEY) DNA [32EL. PCR ¥ 3 & 7

PCR 14 K 7 i o) % 2 174 DNA 450865
FoAR S Bl e bR . AWFSEh, 4 5
PEF ) (ITS. ITS2. psbA-trnH 1 matK) ¥ i
RN 100%, FHor ITS 1 1TS2 il 2 47
9 97.6%, HKE matk 4 96.3%, psbA-trnH A
XA, o 95.1%; (HJ& 4 2507 51 B i 2 %
B IR 95% L o A ABFSE B . ITS A ITS2
JEHIAE 1L T RN 23 8 5 s AL AR X 44 sl 20
FE TR, TTS 40 76 38 I fe AR 40 Hh e 1 2
AP, ABFFEH 4 2507 50R) S | P17
Y1 B E R AR S, BB ITS ., ITS2. ps-
bA-trnH 1 matK J7FIAEA S LR 5 315 .
3.2 JF A AR TEA

JF 5 ] B2 AR T B — P FIAE R BRSO A5 1Y)
HEARIE, PR N SR R AL PR R %A R
WL RRIX . AT I T 4 ZF IR EERY 7 51 ]

BB KEOERE, 1TS M ITS2 J¥HI 7L A FHFf
N FIFf E] L psbA-trnH Fl matK ¥ 91 7 7E 1Y 5 &
Wb, BA AR, ST R AR ) DNA
KICA . WA R AE Y DNA K657 51
P26 &30 1TSS J3 41 ELAT B 09 J3 5 [l B 5 5 A
B S PO TT 4R 8 25 AR Y DNA Z508 05 %5 5 i
R BTS2 J7 5 AE 7 41 1] B g v LA I 2%
[EPE, SAMFREE R 8 &5 LRk, 1TS FITS2
JEA AT LIRS 25 A ik 45 0 i3 DNA S50 65
¥,
3.3 DNA KRS i e S b 4

DNA Z5 %% 1 G SR 2 Be 5 X A [5] ) Fh
HEAT PR VR 1 45 08, BT S AP SR0E
WEAT T RENGE TA/E. T 0§55 £E rbel
matK & ITS2 JF IRV A BHEE Y R T LR K
B ITS2 JEHN A EAT Fe K A P R ] 35t 4% AR
S, 0 HA TR, 5SS R R AR
. FIESCUR NGUYEN 26PRF58 20 . 756
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el @ A ITS A1 ITS2 ¥ 51 % e RE T eoi o A
AHFFE R, 1TS FITS2 751 528 5 B 55 Fh ] Fifp
PN 8 AL I B Y L ) KT psbA-trnH Al matK 7351,
eyl bR ES D, I HRE I kA 94
() 12 Fp 24 A st S HOR O & 5 2T psbA-trnH
Ml matK JFHI M RGE LB R, BT AR
() 4 Fiofa Rk AR il , WA R 1 MR,
HAWBEX 40, UEBH psbA-trnH Fil matK 5 51
W EA —E W EINGE YT B2 TS
REKREWER SR ER SN, 4285 ITS #l
ITS2 HFFI I RS & B RAERL
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