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Abstract: Objective To analyze the phylogenetic and mutation sites of IRa (trnV-GAC to trnR-ACG) sequence among 10
Dendrobium Sw. samples, to understand the similarities and differences of nine genes in this sequence, and to explore the system
evolution and DNA barcode in species of Dendrobium Sw. Methods The improved kit method was used to extract total DNA and
design primers, PCR method and T-vector cloning transformation were used to amplify the region of IRa and the sequences were
obtained after the amplified fragment sequences were blasted in NCBI database and splicing. Genetic structures were drawn, and
variable sites, genetic distance and phylogenetic relationship among 10 sequences were analyzed. Results The lengths of sequences
were about 7 800 bp and 55 variable sites were found. The numbers of mutation points distributeed on trnV-GAC, rrnl6, trnl-GAU,
trnA-UGC, orf42, rrn23, and intergenic region were 1, 8, 12, 6, 1, 9, and 18, respectively. These 10 samples were clustered to four
latitude-dependent groups based on IRa sequences. Conclusion A set of methods on sequence IRa is established. Phylogenetic and
mutation point analysis indicate that there is a rich and relatively concentrated distribution variation loci among the research sequences.
And it will provide a good theoretical basis on the further study of DNA barcodes, authentic assessment and identification of
Dendrobium Sw. germplasm resources.
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1)@ Dendrobium Sw. s&>%%} (Orchidaceae)
PP AR T AE LB K&, f 1200~
1500 AN, b K22 0 ) P H A E B 25 HIAR
EAEAE . (P EEDE) ddk 7 IRE 76 Fif
B, 35 74 FpFl 2 AR, H, (b E
2L 2015 FERUBCR I 29 ARG 3 Bl SECHRL
Dendrobium nobile Lindl.. 461§t Dendrobium
chrysotoxum Lindl. B¢ i 7% £ fft  Dendrobium
Simbriatum Hook. [1)3%3% i A I (7] J& Fa A B i)
Bt e . AR Y EAWEE R
By, sk, A S Rk
ZHMEAIEL, B NI S E 5K —BHOAA
ST S RMED 73 2 vh B 5 AR R A

H 1, DNA 25 TR RN A A& BEA T PR ifi G
AP B R G o B T e A AT SR IR
W2 T A RE SE a2k, haktE
Y E . R 2E. Wrktidite. HWE R
PHIR R SE T IR ST, Hod, B RIS
TR I AT A [ AL 4 ) matkEP 7| rbe L%,
trnH-psbA* "2 1rpoB®, rpoC1%5 1531, LAk A
FEFERALR TSI PR g1 o RS A8 B — A a5 s
ZAL RS G I DNA S5 TERSERREXS A1 I8 A Fh k47
ANTRIRE BE () %55, AHEN B RefH — Fh 72 m] BLik 2]
100%R % 5. ITAER, B “HBA &I Pl
SR LM PRI P R e, A ECH4 2R
R0 1) A W g A 55 DR A 1) e ol Dl o 5 42 <2 )
GenBank ', SR1#E . “cp-DNA-Barcode” iX—
CEAGATEAL”, X LA B AR R AN,
IEAL, e R iRk E A i ARk DR A I () Js AR ATS SR
b en v, MELAHET N

IRa (trnV-GAC~trnR-ACG) XIEHAT 5 MEE
s (D b R e mA, SEILEg Y
gk (2) HEX R (RNA FEH1X ;5 (3) AN cp-genome
P 4 A rRNA AL TG (4) TRa JP51RR
trnV-GAC~trnR-ACG  AZM) X 3804 SRAR Z AR
BTG IEREF X (5) XTI (4
97 800 bp) GEiE/N T AR ERARIE R AT A A,
AU, — AW E A it E T A TRa J7 1) X 35
TR P H T, FE0E 10 2% H P50 T 25 A 1
AT BAEIEE . REMCREDNT, IRAIZHH
HEX 37 HVE £ fit g DNA SRTERS I, hfa
iR T IE R . R & DNA 4&KTEH
(IR I T it BRI BEAil

1 MR5AE®
11wl

AHEEY) 10 MEEACREE B akE A [ 1 EF
AR, TUKiE, DRAE T80 CHEB IR UKAT
e AR AT M B 25 K 2E 5k kR
JiRIBP . ARUEREATTEAE B L 1.

x1 AREEKRER

Table 1 Dendrobium Sw. samples and their information

e FEA LR T4 GenBank 5
1 e e D. devonianum KU156671
2 I A il D. fimbriatum KU156672
3 FA D. loddigesii KU156673
4 Bl A D. densiflorum KU156674
5 NI D. jenkinsii KU156675
6 i D. hancockii KU156676
7 A il D. aurantiacum KU156677
8 SRR AT iR D. chrysotoxum KU156678
9 LA fi) D. cariniferum KU156679

10 WA i D. chrysanthum KU156680

1.2 XF 5

BSA224S W7 3HTRF, W ATER VIBRA 2
H); Water Bath SY-1210 fHIE/Kir4n, W H £ [FH
Crystal /A 7]; BCD-260WDBD #EAEIE VKA,
J152 Arctiko 24 7] ; 5424DQ261173 & 2 B HL,
It 44 1% Eppendorf /A 7] ; Power PacTM Basic 7K V-
YK, M HZ%EE BioRad AW ; Thermo Cycler
Block 5020PCR 3" #41%, 4 H 3 BioRad 2 7];
NanoDrop 2000 4 LT, W HEH
Thermo /2 w5 Tanon 2500 #ER AGAN, W H _FikER
RERH A BRA ] Mix-3000 JRA1/NKG R, T FLATLN
KMAEA PR

Sy b A T AR TR A7 R 7] 6 s
Goldview HLVKZYEL, W H A TaKaRa 237 ; Plant
Genomic DNA Kit $2HU&A7IE, W H AL KRR A
BHA WA BOlRREEER o &, e L
TAEY) TREB A 47 FR 22 7 ; KAPA HiFi HotStart PCR
Mix. KAPA TaqTm Extra DNA Polymerase, 4 H 3%
Roch-KAPA /& w] ; Abm TaqPlus DNA
Polymerase. pEASY-T1 Cloning Kit, 4 H b5t 425
SEVEARAR A A -2 55 G (25124 ¢
D i CEFEEE Aol R0 5 N AR
MR R A A
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1.3 = DNA #2BUK PCR # 1%

JH e AR AR R v [ 35 6 Ut 40 1 i
RN 1 ~2 RS- R (25 124 1 D) HlidR
BB RACA R 10 DMFEARMIER 4 DNA, Jf
F 1 %3 i B gt i P, 9k RIS 30 58 A 40 e 6 FE
Ko pr$2 55 40 DNA (4l B Fwk . K IRa
(trnV-GAC~trnR-ACG) XT3k 4 BLIX i,
AT PCR 3, WIEZH 74| KT633996, H
Primer Premier 5.0 %4 B A7 ¥ v LA I PCR 33 fr
519, 51875 0E 2.

%2 IRa XHF5I PCR #1354
Table 2 PCR amplification primers of IRa

HE IR 44 K S (5°—37) K/ op
IRa-1F  GGCGAGGAGGGATTCGAA 1 840
IRa-1R  CAAAGTCGTAAGACCATGTATGGG
IRa-2F  ACTTCCTTGACCTTCCGGCA 2419
IRa-2R TCACGGACCGACCATAGACC
IRa-3F  GAGTGATTGCCCTTCTCCGAC 1987
IRa-3R CAAGGTAGCCGTACTGGAAGGT
IRa-4F CCTAGGATAATAAGCTCATGGGC 2127

IRa-4R CCTATTTCCGATAGGAGCAGTTG

H#i KAPA HiFi HotStart PCR Mix [#)3 B F3 i
HI R VA% : KAPA HiFi HotStart PCR Mix T
12.5 uL. _E R 5144 0.75 uL. DNA iR 50 ng.
i RNase-free H,O %2 25 uL. PCR ¥4 Jx NV )7
95 ‘C. 5min; 95 ‘C. 20s, 60 C. 10s, 72 C.
1 min, 35 ME¥R; 72 C. 5 min. § =Y 1.5%
(B IR e FEL VK EAT RS, ] Tanon 2500 #E ik
BACRERE
1.4 H#&J DNA FEENF

KA 1.5%35 B B e L vk 23 25 PCR 973 7
Y H B DNA 7B, F R R ) £ a4k
PCR 74 o K5 264k J5 109 )7 BE 55 pEASY®-T1 #y gk i
Mgk, LS Transl-T1 BEZSMT, &%
FIRA), UKHF 20~30 min; 42 CH#HK 30s, 7 H]
BT UK E 2 min; 1250 pL P4 250K LB 5
773, 200 r/min, 37 CH#E 1 h; B8 uL, 500
mmol/L IPTG, 40 pL, 20 mg/mL X-gal {8 %, 3
AP TR AF R E, £E 37 CIRCE 30 min;
£ IPTG, X-gal #8WCE, HU 200 uL BRI,
BiE . H PCR ik FHYE AL 1, $hEA
tBriBET 10 uL EwKH, WHEiR~S, PCR KMV

1A % 2 . Abm TaqPlus DNA Polymerase i B 15 it
i, b NSRS 5’ -GTAAAACGAC-
GGCCAGT-3’. 5’-CAGGAAACAGCTATGAC-3’,
PCR ¥ # Jx W F£J¥: 94 C. Smin; 94 C. 30s,
58 C. 30s, 72 C. 1min, 30 MNE¥; 72 C.
5min. HERCEHVECRE v B, B2 Bl S AR YR
Fo A7 BR 28 7 ] ABI3730XL DNA Analyzer Il J31X
HEAT I o

1.5 DNA F3I45#

KM ¥ 37515 NCBIL i e b 8o Fk
YRCHS AR Y. DI H PR AIREAT EEXT R BB
H Clustal X A5 11 4% HIF ST 2 HE L0 . 4
PHELEIF4 H Snap Gene® Viewer 2.6.2 £l
AN REER SR, TGt X TS 9 A
SR P A5 B o [RI, FA pE k 22
Cymbidium tracyanum L. (KC876127) JLIX k)71 1
NERGRERISNERE, H Mega 6.0 Hfr v @iz
2 (ND R KBRVE (ML) KA it i 5
GERKEM: H Mega 6.0 H b ) K2P B3 47 44 fit
JEAN R XA S IR AL ER T T Mega 6.0 4K
EH ) Align by Clustal W -3k 255747 &5, FEE1THX
L 7 S N AR LG DX S N ) 0 AT OO
2 HERESH
2.1 AfE IRa (trnV-GAC~trnR-ACG) XiBFF
F G R FHIS

ARSI A AR 10 MREASZIC) L DNA F it
W 3 MIE 1 PR, HAEEER ik LA, nIvfE
24 PCR 484 52 W 1) DNA BERAE o 10 A4t FE
ASH) PCR 4788 74 vk AGr U 1 AL I&] 2, 10 AN AEAS S
Bl 384 Fe A3 = 0 i m Dk Re e vk R A A e, HL

3 ARE 10 MEREL DNA RERN R
Table 3 Total DNA quality detection of Dendrobium Sw. samples

95 FEA Azl Ay Ao/ Arzo SIS /(ng-pl ™)
I 2y 1.603  2.129 17.39
2 A 1.655  2.019 41.01
3 Rlehaf 1.759 2215 22.87
4 Eieakt 1.849  2.122 114.96
5 hfefafit 17220 1.955 33.83
6 1.770  1.898 11.20
7 A 1.686  2.059 44.27
8 HhRAfR 1.701  2.037 35.24
9 A 1.906  2.165 14.82

10 WAL it 1.630  1.924 28.07
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e A N S TR I 1 PR3 KB ST S A — 5, 40))
fealiAb e, BAT TR s

PHEZITS 10 5 A BHEAE AT IRa X387 414K 5
B9 7 800 bp, IXLLHEA P I T GC fEi
h 53%, FEMXIBAN TG R 9 NEE (emV-GAC,

2000 bp
1000 bp

0% rm16. tml-GAU. tmA-UGC. orf42. rm23. rmd.5.

100 5. tmR-ACG) KRBT, W& 4. 2]

B 1 EHUE 10 MEAR DNA 85 B B Pty 10 A £ fif s A A IRa (tmV-GAC ~

Fig. 1 Electrophoregrams of total DNA quality detection in trnR-ACG) X 357 41| 9 AN JE AT (1) 45 74 Bt 8k ARAR,
10 Dendrobium Sw. samples LA 3.

2 000 bp
1000 bp
750 bp
500 bp|
250 bp
100 bp)

2 000 bp
1 000 bp!
750 bp
500 bp
250 bp)
100 bp

M-Marker A. B. C. D %Ml b5 [# IRa-1F, IRa-1R: IRa-2F. IRa-2R; IRa-3F. IRa-3R fll [Ra-4F. IRa-4R 4 %} 75|41 PCR 4 Hir=44c i
M-Marker A, B, C, D are the amplified fragment of IRa-1F, IRa-1R; IRa-2F, IRa-2R; IRa-3F, IRa-3R and IRa-4F, [Ra-4R

2 ARE 10 NMERRT PCR 4 &1 &
Fig. 2 Amplified fragments of 10 Dendrobium Sw. samples

F4 10 FERBEHAER IRa KBFFIES

Table 4 Information of 10 IRa sequences in Dendrobium Sw. samples

FEARLRR P& /bp tnV-GAC/bp rm16/bp trnl-GAU/bp trnA-UGC/bp orf42/bp rrn23/bp rrn4.5/bp rrn5/bp trnR-ACG/bp

BB A i 7 840 72 1489 1017 874 174 2806 103 121 74
I A ik 7 841 72 1490 1016 874 174 2806 103 121 74
FTeam 7 840 72 1490 1015 875 174 2807 103 121 74
WA S 7859 72 1490 1024 874 174 2807 103 121 74
NTEAEA i 7828 72 1489 1015 874 174 2806 103 121 74
(awEy 7 838 72 1487 1016 872 174 2807 103 121 74
2 A fig 7 841 72 1490 1016 874 174 2806 103 121 74
kAT firt 7 839 72 1 490 1015 874 174 2806 103 121 74
A fik 7 849 72 1490 1024 874 174 2807 103 122 74

WAEH it 7 835 72 1 490 1015 870 174 2806 103 121 74
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From left to right are D. aurantiacum, D. cariniferum, D. chrysanthum, D. chrysotoxum, D. densiflorum, D. devonianumgb, D. fimbriatum, D. hancockii,

D. jenkinsii, and D. loddigesii

El3 AHE 10 MER IRa XIGHYE

HHE

Fig. 3 Genetic structures of IRa in 10 Dendrobium Sw. samples
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Lt it F— FEAERCR I 22 52
23 FAHE IRa FFIRE LB

R T 10 45 H P H AR S A7 5 AT AR R

T BT (3R 5), R IRIR LEpE A [a) (1) 5t 4% B 2534

ot — K, Hwe /Nt A R B RN B KB A% R B 43 i oA 0.028

SR A10.703, T HATEHE 10 MREA TRa FEHIA7 AL 4L

o AR % (A8 570125, W1 O A £ 0 74 B DNA %%
0.000 5

El4 ET IRa FIIHENEGHRE 10 MFREREN RS
2 EHH
Fig. 4 Phylogenetic tree of 10 Dendrobium Sw. samples

based on IRa sequences

fisb, ok B BB AL A A H AT R R 2> 4L AT
WA RO S 2 R SR B R K SR A A AR A
oK B T AL IR N B AR A RS EOR AR 2 4 250,
BERT L, FET IRa 8 BTk (KA MRt 10 AN [l 5k
JFAE I R B G (P ERED &) 22K

ﬁ;ﬁ%ﬁﬁ,\ﬁ*ﬁz%?&ﬁ
24 FARE IRa BT RS
XPARHE 10 MEARMW H PR T 00, Giit
310 FARUEAEARIX BT Y, 851 55 M RAL
R, IXEEAR ST )T AEFE A tnV-GAC. 116, trnl-GAU.
tmA-UGC. orf42. rm23 & 9 MEERRIFEX oAl
KL 1. 84 124 64 1. 9 F 184S, WK 5. H

BERT I, AHFST T DX 387 A AR 22 AR ST
MK LA S A7 S =20 A T 16, tml-GAU .

trmA-UGC F rm23 iX 4 PNEA F.

x5 EFABE 10 MEAH IRa FIIT B S0 K2P BEEE
Table 5 K2P genetic distances of mutation potints among IRa sequences
ETRe 1 2 3 4 5 6 7 8 9 10
1 — 0.083 0.180 0.079 0.090 0.073 0.074 0.191 0.130 0.109
2 0.246 — 0.100 0.043 0.051 0.036 0.036 0.092 0.084 0.054
3 0.553 0.305 — 0.098 0.110 0.094 0.095 0.263 0.171 0.129
4 0.246 0.080 0.305 — 0.051 0.035 0.035 0.105 0.084 0.064
5 0.278 0.103 0.342 0.103 — 0.044 0.044 0.124 0.092 0.072
6 0.221 0.059 0.278 0.059 0.082 — 0.028 0.097 0.080 0.057
7 0.221 0.059 0.278 0.059 0.082 0.039 — 0.097 0.078 0.057
8 0.591 0.278 0.703 0.332 0.371 0.305 0.305 — 0.181 0.099
9 0.460 0.244 0.543 0.244 0.274 0.219 0.219 0.581 — 0.104
10 0.358 0.123 0.427 0.169 0.194 0.145 0.145 0.329 0.356 —
FAeA it TrmV-GAC 116 trnl-GAU orfd2  trmA-UGC 23
Fﬁ}zﬁgﬁﬁﬂ SATICARNCTOGAAAAGCA TR TT T O ceCE 0T TECCCAGOCATCCTCACTC
s 1Tt T AGGAACTGGAAAAAACIBTAATTT GTA- - AGGCGGTTECGG-G6GCATCCTCACTC
fynsan 0 GTIGAAACT GAATAAATIGTAATTT GTACAAT GCAAGCECGGAGGCATCCCCACTC
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Fig. 5 NJ tree and mutation sites distribution among 10 samples of Dendrobium Sw.
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