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Abstract: This study was designed to establish a multiplex allele-specific polymerase chain reaction method
for simultaneous identification of Dendrobium huoshanense, D. officinale and D. devonianum, which may resolve
identification problems of caulis dendrobii. Internal transcribed spacer sequences and trnL-trnF sequences of
the Dendrobium species were aligned by BioEdit software, then specific SNPs of the three species were analyzed
for designing allele-specific primers and the multiplex allele-specific PCR reaction system was established. The
different origin of Dendrobium huoshanense, D. officinale and D. devonianum was amplified and identified
by the sizes of respective band. The results showed that 584 bp, 397 bp and 211 bp bands could be amplified
by D. devonianum, Dendrobium officinale and Dendrobium huoshanense respectively, when the annealing
temperature was 61 ‘C and the number of cycles was 35. The limit of detection (LOD) of D. devonianum and
D. huoshanense were both 1.2 ng, while D. officinale was low than 0.24 ng. The detection limit of adulterates
in D. devonianum, D. devonianum and D. huoshanense mixture sample was 1%, 1% and 5% respectively. This
result suggests that the method of multiplex allele-specific PCR is useful to identify D. huoshanense, D. officinale
and D. devonianum is accurate and specific.
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Table 1 Sample information of the materials for multiplex allele-specific PCR

No. Species Sample size Collected Classification Voucher specimens
1 Dendrobium huoshanense 9 Anhui Huoshan Taipingfan, germplasm 1 Plant 20160729001-20160729009
2 D. huoshanense 3 Anhui Huoshan Taipingfan, germplasm 2 Plant 20160729010-20160729012
3 D. huoshanense 2 Anhui Huoshan Taipingfan, germplasm 3 Plant 20160729013-20160729014
4 D. huoshanense 2 Anhui Huoshan Taipingfan, germplasm 4 plant 20160729015-20160729016
5  D. huoshanense 2 Anhui Huoshan Taipingfan, germplasm 5 Plant 20160729017-20160729018
6  D. huoshanense 3 Anhui Huoshan Taipingfan, germplasm 6 Plant 20160729019-20160729021
7 D. huoshanense 4 Anhui Huoshan Taipingfan, germplasm 7 Plant 20160729022-20160729025
8  D. huoshanense 4 Anhui Huoshan Taipingfan, germplasm 8 Plant 20160729026-20160729029
9 D. huoshanense 6 Anhui Huoshan Heishidu, germplasm 1 Plant 20160729030-20160729035
10 D. huoshanense 6 Anhui Huoshan Hejiafang, germplasm 2 Plant 20160729036-20160729041
11 D. huoshanense 5 Anhui Huoshan Chongkou Plant 20160729042-20160729046
12 D. huoshanense 6 Anhui Huoshan Heishidu Plant 20160729047-20160729053
13 D. huoshanense 10 Anhui Huoshan Dried plant 20141220001-20141220010
14 D. huoshanense 5 Anhui Jinzhai Dried plant 20150507001-20150507005
15 D. huoshanense 4 Anhui Lu'an Dried plant 20150817001-20150817004
16  D. huoshanense 4 Anhui Lu'an Fengdou 20141222001-20141222004
17 D. huoshanense 9 Anhui Huoshan Fengdou 20141226001-20141226009
18  D. officinale 26 Yunnan Plant (red stem) 20160629001-20160629026
19  D. officinale 22 Yunnan Plant (green stem) 20160629027-20160629048
20  D. officinale 22 Zhejiang Plant 20160625001-20160625022
21 D. officinale 21 Yunnan Plant (thin stem) 20160305001-20160305021
22 D. officinale 3 Anhui Bozhou Fengdou 20141220001-20141220003
23 D. officinale 5 Anhui Bozhou Dried plant 20150720001-20150720005
24 D. officinale 4 Anhui Lu'an Plant 20160116001-20160116004
25 D. devonianum 19 Yunnan Plant 20161018001-20161018019
26 D. devonianum 2 Anhui Hefei Plant 20161003001-20161003002
27 D. devonianum 1 Tibet Plant 10302
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Table 2 Closely related Dendrobium species and the GenBank sequence of ITS and t#rnL-trnF used in this paper.

were collected from GenBank, based on literatures of Jin XH et al 9201

Accession numbers

Sampl
No. Species a@p ¢ Collected Voucher specimens ITS trnL-trnF
size
D. chrysotoxum 6  Yunnan 1073101-1073106 KF143443.1 KF143550.1
D. nobile 8  Yunnan, Tibet 1143-1146, 1075901-1075904 IN388579.1, KF143493.1, KP749339.1, KF143600.1,
KF143494.1 EF397936.1
3 D. fimbriatum 3 Yunnan, Zhejiang 20120127001-20120127003 AF362041.1, IN388588.1  KF143567.1
4 D. aphyllum 7 Yunnan 1076501-1076507 KF143430.1 KF143536.1
5 D. thyrsiflorum 9  Yunnan, Tibet, Laos 1075501-1075507, 13047, 1272 KJ210503.1, HM054758.1 KF143625.1, EF397933.1
6  D. chrysanthum 7  Yunnan, Tibet 118601-1118606, 11430 KF143442.1 KF143549.1
7 D. williamsonii 11 Yunnan, Hainan 908701-908706, HQ114225.1, KJ210508.1, EF397930.1
1075401-1075405 KJ210511.1
8  D. trigonopus 3 Yunnan 20160614001-20160614003 DQO058793.1, FI384741.1  KF143626.1, KF143627.1,
KF143628.1
9 D. crystallinum 6 Yunnan 20160610001-20160610006 KJ944633.1 KF143553.1
10 D. brymerianum 7 Yunnan 20160618001-20160618007 KF143431.1 KP749355.1, KF143538.1,
EF397911.1
11 D. heterocarpum 3 Yunnan 20160608001-20160608003 KF143473.1 KF143579.1
12 D. capillipes 3 Yunnan 20160606001-20160606003 AF362035.1 KF143539.1
13 D. falconeri 4 Yunnan 20160608001-20160608004 KF143458.1 KP749351.1, KF143564.1
14 D. gratiosissimum 3 Yunnan 20160612001-20160612003 KF143464.1, KF143465.1  KP749367.1, KF143570.1,
KF143571.1
15 D. wattii 5 Yunnan, Chiang Mai  1181701-1181705 KF143525.1 KF143631.1
16  D. chryistyanum 2 Yunnan 20160620001-20160620002 KP749350.1
17 D. sinominutiflorum 5 Yunnan 20160622001-20160622005 KF143593.1, KF143594.1
18  D. primulium 3 Yunnan 1179301-1179303 KF143499.1 KP749352.1, KF143605.1,
EF397929.1
19 D. pendulum 3 Yunnan 806401-806403 KF143496.1, KF143498.1  KP749359.1, KF143602.1,
KF143603.1
20  D. aurantiacum var. 5 Yunnan 1101101-1101105 AF362043.1 KF143554.1, KF143555.1,
denneanum KF143556.1, EF397918.1,
KP749353.1
21 D. moniliforme 18  Yunnan, Anhui 20160118001-20160118018 KF143489.1, KF143490.1, KF143595.1, KF143597.1,
KF143491.1,KJ210474.1, KF143596.1, EF397935.1
KJ210475.1
22 D. henanense 2 Guizhou 923501-923502 KJ672624.1 KF143575.1
23 D. wilsonii 1 Chongging 9978 KF143526.1 KF143632.1
24 D. clavatum 3 Yunnan 1036301-1036303 HMS590387.1 K(C522832.1
25 D. hookerianum 3 Yunnan, Tibet 1137, 9102, 10367 KF143474.1, KF143475.1  KF143580.1, KF143581.1
26  D. lohoense 1 Guangxi 9769 KF143588.1
27  D. henryi 3 Yunnan 990, 11048, 11822 KF143470.1 KF143576.1
28  D. crepidatum 6  Yunnan 1084301-1084306 KF143445.1 KP749356.1, KF143552.1
29  D. harveyanum 3 Yunnan 1070301-1070302, 10760 KF143468.1 KP749363.1, KC568316.1,
KF143574.1
30 D. hancockii 2 1349201-1349202 KF143467.1 KF143573.1
31 D. hercoglossum 1 Hainan 10109 KF143471.1 KP749344.1, KP749343.1,
KP749342.1, KF143577.1,
KF143578.1, EF397938.1
32 D. densiflorum 7  Hainan, Tibet 1010801-1010807 KJ210435.1-KJ210439.1 KP749360.1, KF143557.1
33 D. longicornu 12 Yunnan, Tibet 76, 134701-134705, 9517, KJ210462.1-KJ210472.1,  KJ686625.1, KF143589.1,
8312, 11555, 11663, 12038 AB847661.1 KF143590.1, KF143591.1
34 D. salaccense 2 Hainan 928401-928402 AF362026.1 KF143612.1, KF143613.1
35 D. strongylanthum 8  Yunnan, Tibet 9499, 8510, 8532, KJ210499.1-KJ210502.1,  KP749362.1, KC568309.1
1165901-1165905 KF143514.1, KF143515.1
36 D. aduncum 5 Hainan, Zhejiang 952201-952205 KJ210409.1-KJ210410.1 KC568307.1, KF143534.1
37  D. monticola Tibet 7033 KF143500.1 KF143606.1
38  D. jenkinsii 2 Yunnan 1070901-1070902 KF143478.1, KF143479.1  KC568314.1, KF143584.1,
KF143585.1
39  D. menglaensis 1 Yunnan 10464 KF143486.1 KF143592.1
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No. Species Sz;rir;gle Collected Voucher specimens ITS trnL-trnF

40 D. exile 6  Yunnan 1070801-1070806 KF143457.1 KF143562.1, KF143563.1

41 D. porphyrochilum 4 Yunnan 1188001-1188004 KF143501.1 KF143606.1, KF143607.1

42 D. sinense 6  Hainan 9329, 1031301-1031305 KF143510.1, KF143511.1  KF143616.1, KF143617.1

43 D. bellatulum 4 Yunnan 5699, 1083701-1081703 KF143430.1 KF143593.1, KF143537.1

44 D. spatella 2 Yunnan 10742 KF143512.1 KF143618.1, KF143619.1

45 D. stuposum 1 7023 KF143516.1 KF143622.1

46  D. wangliangii 2 Yunnan 20100710001-20100710002 KJ210506.1 KF143630.1

47  D. xichouense 1 2.0111E+10 KF143527.1 KC568323.1

48  D. lindleyi 1 JN388568.1 KC56319

49  D. fangjingshensis 4 Yunnan 1010201-1010204 KF143459.1 KF143565.1, KF143566.1

50  D. sulcatum 1 Chiang Mai 11879 KF143517.1 KF143623.1

51  D. moschatum 1 Chiang Mai 11886 KF143492.1 KF143598.1

52 D. ellipsophyllum 1 Laos 20120123001 AF362033.1 KC568310.1, KF143561.1

53 D. senile 1 Vientiane 20120125001 KF143509.1 KF143615.1

54 D. catenatum 2 Zhelin 20120223001-20120223002 KF143438.1, KF143439.1  KF143543.1, KF143544.1,
KF143545.1, KF143546.1

55 D. cariniferum 1 Laos 13012 KF143433.1 KF143540.1, KF143541.1,
KF143542.1

56  D. wardianum 1 Yunnan 13011 JN388600.1 EF397931.1

57  D. guangxiense 1 13569 KF143508.1 KF143614.1

58  D. loddigesii 1 KF143481.1 KP749349.1, KP749348.1,
KF143587.1

59  D. okinaense 1 Taipei KF1433601.1

60  D. hainanensis 1 Hainan 10113 KF143466.1 KF143572.1

61  D. transparents 2 Nepal 11046 KF143520.1 KF143626.1

62 D. compactum 1 Yunnan 11849 KF143444.1 KF143551.1

63 D. findleyanum 1 Thailand 11875 KF143462.1 KP749361.1, KC568312.1,
KF143568.1

64 D. pseudotenellum 1 13500 KF143502.1 KF143608.1

65  D. zhaojuense 1 20121015001

66  D. unicum 1 13541 KF143523.1 KF143629.1

67  D. dixanthum 3 Umdmai, Laos 13017, 1305401-1305402 GU339103.1 KF143560.1

68  D. christyanum 2 20101009001-20101009002 GU339106.1 KF143547.1, KF143548.1
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Table 3 Primer pairs sequence, 7, and the length of amplified products for multiplex allele-specific PCR used in this study

Species Primer Sequence (5'-3") Tw/'C Length/bp
D. huoshanense HSAS-F TGATTGGATTGAGCCTTG 52.5 211
HSAS-R GTTTTTAGCTACTAACGTAACAC 49.0
D. officinale TPAS-F CTGCTGAGATAAAATCCACCG 57.6 397
TPAS-R ATGCACATCCGAGCCTTAAT 57.3
D. devonianum CBAS-F TGCTGCCGAAATAAAATCTATC 55.2 584
CBAS-R ATTCAAAACGTCATCTAAGGACG 55.2
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Figure 1 The design of specific primers for the three species
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Figure 2 Simplex allele-specific PCR for the identification of
the three species. M: DL2000 Marker; al—a4: D. devonianum

bl-b4: D. officinale; c1—c4: D. huoshanense; 1-3: D. chrysotoxum

4, 5: D. nobile; 6, 7: D. aphyllum; 8: D. thyrsiflorum; 9: D.
chrysanthum; 10: D. williamsonii; 11-13: D. strongylanthum; 14,
15: D. crystallinum; 16: D. brymerianum; 17: D. heterocarpums
N: No template control (ddH,O as template)
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41 RERMEEMNHE 1B KEEEERW PCR
SR HERAYE, IR KGR BN 58 ‘CHI 59 CHY,
WA I T 211 bp (B LA sk %51 26 717) F1397 bp
(R B A b5 ) 2ty ) AR BH M 2%y, 2 Ll ik HE L
397 bp HUMEBHMEZAT, 1B KIEE 60 CHI 61 CHY,
3 FiA k35 JC B RH T R AR S P A R, A e R K
AN 61 C.
42 WEBRIBHOBHE UIHHECRN 31~37 FEE
PTG AR e e 3 AR B P 2% s R B, {H 35 R0 37 1R
WS, BT EEY. T4 HFTS DNA
MR AR, B ARFE R BOME BE A —, W] LIR854
TEHERT R IE R S8 B A B, R R i BUR R, v H
33AMEIR AT, WPCFECT 2, T & SR S E A
B4 35 8k 37,
43 Taq DNA BEEIERIERMFMIM [ Tag
Bt DR L B8 A WS AT 3'=5 AU 1 AR [ 7T g 5 3
TR EBAR P PE S B . 40 A rTaq. Ex Taq. Fast
Taq A1 Easy Taq Mix 4T 2 B 45 7 1% PCR, 453K W],
18 Fl Ex Taq DNA % A B Fll Fast Taq DNA & B i
AT fEH BT 211 bp AT 397 bp IR PEL A, &l
Aifsh i EE 397 bp MR FHE &7, 1 T 3'-5'41 )
B35 M 1) r Taq BX Easy Taq Mix B o AR FH 14 2% 5 HU BN,
Wi F r Taq DNA RARGIEAT f5 22555
4.4 PCR {{ERNERIFM I 4 FpAS[E 5
RS PCR 4T 2 AR P PCR %5, 458 H

Table 4 DNA exacted result by using different isolation or pre-treated methods (n=10). a: Fengdou samples; b: Dried plant samples

Methods DNA concentration/ng-L7l Aae0/Aag0 Aae0/A230 DNA solution
Two-step CTAB? 56.95 +18.18 1.93 £ 0.06 1.25+0.21 Water-like
Two-step CTAB® 136.89 + 63.44 1.98 +0.04 1.86 +0.19 Water-like
Modified CTAB? 18.66 + 19.34 1.71 £0.34 0.59 +0.28 Exist white sediment
Modified CTAB® 90.23 +31.20 1.82 +£0.04 1.09 £ 0.14 Sticky
PEG6000* 20.60 +16.11 1.83 +£0.17 0.83 +0.47 Water-like
5% Glycerol® 35.00 £27.43 1.94 +0.04 0.98 +0.20 Sticky
10% Glycerol® 16.13 +18.02 1.89 £0.16 0.92 +0.68 Sticky
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ANFEI PCR A, B LA fisty 4 5 A fsb Rk o A fit
S BL 211, 397 A1 584 bp K/, BAFIX
A SR LR 22 e, (HIRA Y 2 R .
45 HESIYERNFHE PCR 5IHE LI PET
FHE L) £ B A 2 PCR 45 A B . MRS
TsEgaE A, LAt B RS 0.2 uLy Bk
ARG & 0.1 uL AFEal, 2058 LA i 514
BN 0.2, 0.3, 0.4, 0.5 pL I xF A7 sk 22 B 1 % 51
GRS, GRKRIN, 0.4 2 0.5 pL e ROk,
BTGB B 2% tH B, 0 2B LA e B RS e
N 0.4 pL; 7EGEERE F 2 S8k B e E A A
0.05. 0.1. 0.15. 0.2 uL FI5ZmI, 455 0.1 uL 598
BRB A R IR AT TR R HLE R P 26 i . #E
Bt bR S UG A B0 0.15. 0.2, 0.25. 0.3
ul, 455 0.2 pL 51V kAo R, BT e 51 =
e B AU« kR 1 =0.2 uL 1 0.1 pL : 0.4 uL.
5 ZEMNLFRM PCRIEMINRKZIEZ4 LR
{8 FH 28 ST IR A L 22 AT R S 1 S VR, X
AN B2 (0 LA v Bk B2 AR DA AR iEAT PCR
SBE VA E X 3 F A B . 45 5L PCR A &R
WA AN EE LA B AE 1.2 ng DA_E I RE L PRAS Sk
Y S, TR I A 5t DNA BRI T 0.24 ng B
AT RE DL 135 BB 1 4 S M 5 ) Sk, T B BT SL I
Fi ik 2 AL SR EPE PCR %859 7 9350 07 6 A figt AN EE
A7 bR AS I R BR 9 1.2 ng, X8k B2 A7 i A AG I BR
KT 0.24 ng Wi 3.

30 ng 6ng 1.2 ng 0.24 ng
M 123456123456 123456123456

2000 bp
1000 bp
750 bp
500 bp

250 bp
100 bp

Figure 3 The limit of detection of the three species by multiplex
allele-specific PCR.  M: DL2000 Marker; 1, 2: D. devonianums
3, 4: D. officinale; 5, 6: D. huoshanense

DAANTR VR A 8 Ll ity Bk B A A DA fi,
FEHUE DNA JFiET 2 EAL A4 M PCR SR LA
LT VERT B O IR 8OR - 45 R RE SR
1% A M2 it 1% DL R Bk B A sk ek 5% DA B
FREE LA ARHRE B mp sy, Ok B A iRk DA AN
LA RO R HBR 2 0N 1% 1% 1 5%. WK 4.

2 3 4.5 67 8 9 1011121314 1516 171819 20212223 24

€ o

Figure 4 The detection limit of one mixed with other two species
by multiplex allele-specific PCR. 1—8 for the different proportion
of D. devonianum of 0, 1%, 2%, 5%, 10%, 20%, 50%, 100%,
respectively; 9—16 for the different proportion of D. officinale of
0, 1%, 2%, 5%, 10%, 20%, 50%, 100%, respectively; 17 —24 for
the different proportion of D. huoshanense of 0, 1%, 2%, 5%,
10%, 20%, 50%, 100%, respectively

6 EAMER

9B ik IR B, AL U LA i R A
fishy WA i B oA 68 FloE HEIR S 1A, A
AL EAL S EYE PCR BHTY 1, 45 5RBE L
Ffshs BB U AR R IR R 1 2 AR,
HAbH IS 1, RPEL L RA RS 17
PEEERE B, 4R E T = 2B 22 Hemfa i, ok
BT 28 ZF WL 103 H8k B fsbRe i A sl s
T2 B AR E P2 U 52 AL LA bR R A . 19 it
BT 260 13 HEZE LA R R AT 22 BT R
FPE PCR ¥4, 455 LA MHERY . T8 1
343 211 bp WHF LT, R 10 HE3K1S 211 bp (1)
R VRS, B A 3R 397 bp BRIV,
VIEF iK1 584 bp MRS VA&, JoBRFH R
FAPESE R, WA 5.

M 1 234 567 8 91011121314151617181920212223N

Figure 5 The applicability of multiple allele-specific PCR for
identification of the three species. M: DL2000 Marker; 1 —6: D.
devonianum; 7-12: D. officinale; 13—18: D. huoshanense; 19-23:
the mixture of the three species; N: No template control (ddH,O
as template)

it

DNA I —E & A M40 7 1 5 A s,
R T2k B R 250, 2 i s H DNA FEf#
e F B R 2 R B, REU A
DNA gL T, ™EHN PCR ¥, FFHLkH%
oy 2. AT T AR DNA $2HU VERT A it
KRR, SR KIAH CTAB R H B
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A AT 46 5 DNA. 5 HABR YA L, CTAB
VR A R 2 LS DNA Y Aago/Aaso 18 2 E AR
(0.59+0.28), KTTREAAAEEIZHE. LIk
BAREH M EL PEG 6000 AiALEEL G, CTAB $2& B0
A HT i, AR SR i 32 i ORI, DNA K
JEMK (% 4). ML CTAB V%2 %R T DNA 5%
I Angol Az B, HHEIM A THAL BB O TCTE 5 1A F) T 7K
TPEZ ROV S B DNA i,

AW TSI B PCR VESE K A it 5
i FRRVEE LA b, 62 L A R 48 4 A R A etk
VIR A ARG PR A v, Tk At 7 b b 45 e
A S HH PR AR, TT R 5 Bk R R E o B 2
DNA $ERCE NRAMER G, T WAE SN A it
W5 Ak B AT UG IR AR, R R A R 4B 2k 1A
AT, X R oL, AR AT A L 1) 2 R S
PCR J5 1546 H 3 nR B 1%, feA 203 41 ft 5
WIS o 5 25 02 2 58 5 R 25 AR TR A AR A,
15 oy AN B, PEAR R B AR AN B 2 A
RS dE, B2 E PCR VERE — I Z AR, M
T 328 1) 25 4 45 O il @, JE— 20 o = il B 4 T 8
BEE . BRASOH K =M &S A ftah, Bl b
DR 28 20 08 30 B8 41 25 7 it 0 ik SO it
WA A S 10 b, BT £ E PCR (3L
SRR TS AR LR, T E i A A R P Fl
Rt 519, S A 2 AL URE S M PCR,
L F|— K PCR BI AT %5173 b F SR S 28 264 HE 5
LB E 1.

it o B R B A Y0 I AT S R BT TT A AT A
HRE SR SRR A S e fe it T A B
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