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Abstract: Objective To determine the chloroplast genomes of Dendrobium heterocarpum and Dendrobium trigonopus, analyze
their sequence characteristics, and identify the relationship between Dendrobium species. Methods In this study, the
next-generation sequencing of D. heterocarpum and D. trigonopus was performed on the Illumina Hisep 2 500 sequencing platform.
Two complete chloroplast genome sequences were obtained after assemblying and annotationing,. Then, the two sequence structure
and the phylogenetic relationship of Dendrobium were analysed by bioinformatics methods. Results  The study found that the total
length of the chloroplast genome of D. heterocarpum was 159 786 bp and the total GC content was 37.2%. The whole genes
annotated were 131, including 88 protein-coding genes, 37 tRNA genes and six rRNA genes. Similarly, the total length of the
chloroplast genome of D. trigonopus was 159 652 bp and the total GC content was 37.1%. A total of 131 genes were annotated,
which including 88 protein-coding genes, 37 tRNA genes and six rRNA genes in all. There were 112 and 227 simple repeat
sequences were detected from D. heterocarpum and D. trigonopus respectively, and they both had the largest number of codons
encoding leucine and the least number of codons encoding tryptophan. The phylogenetic tree showed that D. heterocarpum, D.
ellipsophyllum, D. trigonopus, D. strongylanthum and D. longicornu were clustered together into one family. D. trigonopus was very
similar to D. strongylanthum and D. longicornu, and the support rate reached 100%. Conclusion The chloroplast genome structure and
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phylogenetic relationship of two species of Dendrobium were analysed. The results of this study will provide a scientific basis for the
accurate identification, development and utilization of Dendrobium medicinal plants and resource protection.
Key words: Dendrobium heterocarpum Lindl.; Dendrobium trigonopus Rchb. f.; medicinal plants; complete chloroplast genome;

genetic relationship
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Dendrobium heterocarpum
chloroplast genome
159,786 bp

Dendrobium trigonopus
chloroplast genome
159,652 bp

Fig. 1 Gene map of D. heterocarpum and D. trigonopus chloroplast genomes

*1 AREEYHREEREARFIIER
Table 1 Chloroplast genome sequence information of Dendrobium

m T4 GenBank &3t5  FEKAK/AMbp LSClhp IRslp SSChhp HFERE & GC & &%
RJIEF  D. heterocarpum Lindl. OM049526 159 786 87477 27610 17089 131 37.2
@K D. trigonopus Rehb. f. 01891650 159 652 87083 27059 18451 131 37.1
WEFAM D, primulinum Lindl, NC_035321 150 767 84442 26175 13975 132 376
W#EM D gratiosissimum Rehb. f. LC192958 151829 84890 26290 14359 132 376
PAfit D. lohohense T. Tang et F. T. Wang LC193516 151812 84876 26292 14352 132 376
K#Af D. brymerianum Rehb. f. LC192954 151830 84855 26299 14377 132 376
YW D. parishii Rehb. f. LC193518 151 689 84703 26295 143% 132 376
#EnAft D, chrysanthum Lindl, LC193514 151 790 B4T57 26296 14441 132 376
fif¥iFif D pendulum Roxb. NC_029705 153 248 85852 26398 14600 129 375
fEAM D aphyllum (Roxb.) C. E. Fischer LC192953 151524 84588 26308 14320 132 376
KE®AA D wardianum Warner LC192961 151788 84835 26296 14361 131 376
KEEAf D. longicornu Lindl. MN227146 160 024 87477 26289 19969 132 37.1
A D.ellipsophyllum T. Tang et F. T. Wang LC193519 152026 84930 26304 14488 132 375
SUAM D exile Schitr. L.C193522 151 294 84363 26308 14315 132 377
HEfif D thyrsiflorum Rehb. f. NC_047439 151 686 84749 26293 14315 125 375
AfEAif D parciflorum Rehb. f. ex Lindl. LC193512 150073 83708 26272 13821 131 377
fEAf  D.strongylanthum Rchb. f. NC_027691 153059 85836 26316 14591 130 376
Fiksfifit  D.xichouense S.J. Cheng et C. Z. Tang L.C193520 152 052 84980 26293 14486 132 375
NETEA D, jenkinsii Lindl. LC193515 151717 84734 26285 14413 132 376
Eififi D pseudotenellum Guillaum. NC_045854 149 114 84261 26033 12786 125 374
HEAM D hercoglossum Rehb. f. L.C192959 151939 84924 26309 14397 132 376
frBfifit D.salaccense (BI.) Lindl. LC193510 151104 84273 26258 14315 132 373
HE Cymbidium lowianum Rchb. f. NC_050990 155 447 84184 26710 17843 119 36.8
Rk C. hookerianum Rehb. f. NC_053268 155 447 84186 26711 17839 135 36.8
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*2 RIVEAHR. PEARBIM LRI FBRELAR
Table 2 Base composition of chloroplast genome of D. heterocarpum and D. trigonopus

X RIVEH R it
WEKE A% T/%  G/% Cl% GC%  BEEKE A% T/%  G/% C/%  GC/%
LSC 87 477 318 332 17.1 17.9 35.0 87083 318 334 170 17.8 34.8
SSC 17 089 343 352 14.7 15.8 30.5 20 555 341 348 150 16.2 311
IRa 27610 287 284 222 207 429 26 007 283 283 209 224 434
IRb 27610 28.4 287 207 222 429 26 007 283 283 209 224 434
S8y 159 786 309 318 18.3 18.9 37.2 159 652 31.0 319 182 18.9 37.1
*3 XRIEAH. DEARTHREERETIRER
Table 3 Annotation information of chloroplast genomes of D. heterocarpum and D. trigonopus
e . . JEHAH
R T R SIETH P
BERGER  BREEEORTE l rpl220, rpl23%, rpl32, rpl22, rpl16Y, rpl14, rpl36, rpl20 , rpl33  rpl2®, rpl23%, rpl32, rpl22, rpl16Y, rpl14, rpl36,
rpl20, rpl33
VR R AT ps rps19® , rps7e, rps120, rps12®, mpst5, rps3 , rps8, rpsid, rps18, ps19°, rps7e, rpsi2d, mps12?, rpsis, rps3, rps8,
rps4, rpsL4 , ps2, rpsl6® rps11, rps18, rpsd, rps14, rps2, rpsi6P
RNA R AT o rpoA, rpoB , rpoC1?, rpoC2 r rpoA, rpoB , rpaC1?, rpoC?2
15 RNA trn trmH-GUG?, trM-CAU?, tmL-CAA?, tmV-GAC? tmE-UUC®, trnH-GUG? trM-CAU?, tmL-CAA? trV-GAC?,
tmA-UGC®, tmR-ACG®, tmN-GULR, tmL-UAG, tmP-UGG,  tmE-UUC®, tmA-UGC®, trR-ACG? tmN-GUU?,
tmW-CCA, tmM-CAU, trmV-UAC®, tmF-GAA, tmL-UAA?,  tmL-UAG, tmP-UGG, trW-CCA, tmM-CAU,
tmT-UGU, tmS-GGA, tmM-CAU, tmG-GCC, tmS-UGA,  tmV-UAC?, tmF-GAA, tmL-UAA?, tmT-UGU,
tmT-GGU, tmE-UUC, tmY-GUA, tmD-GUC, trnC-GCA,  tmS-GGA, tmM-CAU, trG-GCC, tmS-UGA,
tmR-UCU, tmS-CGA®, tmS-GCU, tmQ-UUG tmT-GGU, tmE-UUC, tmY-GUA, tmD-GUC,
tmC-GCA, tmR-UCU, tmS-CGA®, tmS-GCU,
tmQ-UuG
1 FE Ik RNA rm rml6S, rrn23Se, rm5S rml6S, rrn23Se, rm5S
KERGER KR4I psa psaC, psal, psal, psaA, psaB psaC, psaJ, psal, psaA, psaB
bl psh psbH, psbN, psbT, psbB, psbE, psbF, pshL, pshd, psbz, pshC, psbH, psbN, psbT, psbB, psbE, psbF, psbL, psbJ, psbz,
psD, psbM, psbl, psbK, psbA psbC, psbD, psoM, psbl, psbK, psbA
ATP & FiH atp atpB , atpE, atpl, atpH, atpF®, atpA atpB, atpE, atpl, atpH, atpF®, atpA
NADH fit (8 ndh ndhB®, ndhH, ndhA®, ndhl, ndhG, ndhE, ndhD, ndhF, ndhC, ndhB®, ndhH, ndhA®, ndhl, ndhG, ndhE, ndhD, ndhF,
ndhK;ndhJ ndhC, ndhKndhJ
Mt & bif 5 41k pet petD® , petB?, petG, petL, petA, petN petD , petBY, petG, petL, petA, petN
Rubisco T4 rhe el el
HA R F AR mat matk matk
&AM clp clpP® clpPe
HERRET inf infA infA
MMEE c B cs CesA CCSA
AEER cem cemA cemA
LTS A BRI ace aceD accD
Rt A yof yof2®, yef15t, yofL, ycfd , yef3e yof2e, yef15 , yef1?, ycf4 , yef3®

REZERMTRAELZX, "REZEREH 1LIAGT, ARZEREH 2 NG T

2 means that the gene is located in the inverted repeat region, ® means that the gene contains one intron, and ¢ means that the gene contains two introns
28 NMZHIR. U ZHHER. 16 M= HIR 6 TRIIEAR, HEHU =R E RN P HRE
MUZHR. 1AL HERM 2 MNHER, 58 BEZ, PREREZEN AT Hl, HthEE )
RBIRZ RN =HR, HUOOVERHER, —&5 BIGE AR T 4, R F A4 i R
ey 81.89%. MFIKE, BRAMIK SSR fLA% WA AFRIT,
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F4 RITVEA/R. BELRRAERLA SSR ER% 1
Table 4 SSR information statistics of chloroplast genomes
of D. heterocarpum and D. trigonopus

WA IR Y BE P 7]: AR .ﬂﬁm#
BE e HE %

BHER AT 20 17.86 26 2047
CIG - - 2 157

IR AGICT 2 179 2 157
AT/AT 9 8.04 12 945

=%HMR AAC/GTT 10 893 10 7.87
AAG/CTT 29 2589 31 2441

AAT/ATT 13 1161 16 12.60
ACT/AGT 4 357 3 236
AGC/CTG 3 268 3 236
AGG/CCT 4 357 4 315
ATC/IATG 7 625 7 551
ACC/GGT - - 2 157

VUHZHEE  AAAG/CTTT 2 179 1 079
AAAT/ATTT 2 179 2 157
AATT/AATT 1 089 1 079
ACAG/CTGT 1 089 1 0.79
AGAT/ATCT 1 089 1 0.79
TAZE®R  AAAAT/ATTTT 2 1.79 - -
AAATC/ATTTG 1 089 1 0.79
AAATT/AATTT 1 089 - -
N AAGTAG/ACTTCT - - 1 079
AGATGG/ATCTCC - - 1 079

SR A P A - SORR A X [R] S5 5 1
FE, RT3 R B TR G it B S SR 1)
] SR -2 (B s A% . 4 RSCU>1 B, 3R
NZE T RS 2 RSCU=1 i, ®IR
ZETEAE Wi 24 RSCU<L B, FRIRIZ%
A AR AR . B3R 5 AL, RIJEA LY
fih 63 262 M HERE, HrhwmidaiR (Lew) K%
7 ¥ERE, A% 5592 4, St 10.50%, Zifid
R (Trp) MENTHERD, UF 7334, 4
bt 1.38%; SAH A dLamiy 53 217 MEIERR, HiE
% %2 NIRRT, X F] 5560 4>, Gt
10.45%, /b NI EEREN T, A 718
A, b 1.35%. RSCU rifrgs €, fERIIE
At 64 R 1, RSCU KT 1 HIETH
31 Ff, Hrp 28 FLL AU S5, 3 MLl GIC 452,
RSCU s KME N 2.19, Nt FE 2R (Arg) 1] AGA,
/MEN 0.42, RYIGRE IR CGC. {EMMIf fitt
(1) 64 Fltd o, RSCU KT 1 %65 74 31 Flr,
Hrp 28 FiLL A/U 25, 3 FFLL GIC 45Z, RSCU

RNMEN 218, NIRRT AGA, H/IMEN
0.44, NZILFERAIRIN CGCo —H LAl LG
i, ARJJJE A AR A iRk P s - P s e 12
FR I ZE R, (HEAR B KRB . 3 A g%
QRN ENFHERS, WSOERN L FHE
/b, RUFEROR RS T30 AGA, IS5 35N
CGC, H RSCU KT 1 %15+ L8 2 A/U 45 2,
K 2 Foa BRI R AU 25215
¥, X5 SSR T4 R
33 10 FARIBEEYMHRIASEREER SC/IR &
AT Sh

WBRIVEAR BEAR KIEAR. Jea
fits MBAM RIEAM. SEva i FErEA R
HIEAMATECABHEN R 10 g f Byt
SRARIER B SCIR 1A BAT 430 (B 2D, 2553
BoR, A fHE A SRR A B R H I AEAE 4 ANAS
B4 LSC-IRb. SSC-IRb. SSC-IRa. LSC-IRa. H:
H1 LSC-IRb W FHECNIRSE, KIEBAALT rpl22 FEH
DX, AXRIVEAHMLT rpl22 FPE A M=ESw
f5IX; SSC-IRb i FAFTER KL, RTIEF i
FRAEA T ndhF 2RI g A X P, A2k yefl
B, WEA B EE A ST ndhF ZREE A0
EISIX PN, EARE A b A MRk yefl 2,
KA k) yefL A ndhF &[R4 6h 2%, i ST trnN
FERA MR X, Seuta fbid 407 T yefl A1 ndhF
FEHAZ A, HA AT yefl ZFEF ndhF 2
RESX, HA ndhF 2EFE%GX NP E; SSC-IRa
WKL T yefL FER M, KA KA yefl
BB, BAALT rpsl5 A trnN FERIAE FLAL,
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Table 5 Codon usage in chloroplast genome of D. heterocarpum and D. trigonopus
It ax RIIEA A A fist et A 8z RIVEF i VA A fit
AMm WWNT —geT U Rscy Tk RsCU | AR T —geRocU Hk RSCU
Ala GCA 465 1.19 487 1.22 Pro CCA 764 1.28 745 1.26
GCC 349 0.89 369 0.93 Ccc 588 0.99 577 0.97
GCG 237 0.61 240  0.60 CCG 366 0.61 375 0.63
GCU 515 1.32 497 1.25 Ccu 668 1.12 676 1.14
Cys UGC 390 0.70 440 081 GlIn CAA 1068 1.36 1102 1.38
uGuU 729 1.30 651 1.19 CAG 497 0.64 499 0.62
Asp GAC 435 0.55 427 0.54 Arg AGA 1234 2.19 1213 2.18
GAU 1134 1.45 1164 1.46 AGG 600 1.06 571 1.03
Glu GAA 1475 1.40 1426 1.39 CGA 579 1.03 566 1.02
GAG 626  0.60 633  0.61 CGC 235 0.42 247 0.44
Phe uucC 1582 0.74 1603  0.84 CGG 363 0.64 362 0.65
uuu 2159 1.15 2205 1.16 CGU 371 0.66 382 0.69
Gly GGA 842 1.50 797 1.43 Ser AGC 439 0.52 402 0.50
GGC 318  0.57 362 0.65 AGU 734 0.87 669 0.84
GGG 557 1.00 531 0.96 UCA 995 1.18 969 1.21
GGU 521 0.93 534  0.96 ucc 933 111 898 1.12
His CAC 395  0.58 401 0.59 UCG 578 0.69 575 0.72
CAU 957 1.42 958 141 UCu 1380 1.64 1292 1.61
lle AUA 1546 1.02 1632 1.06 Thr ACA 686 1.23 678 1.19
AUC 1212 0.80 1156  0.75 ACC 528 0.94 541 0.95
AUU 1804 1.19 1835 1.19 ACG 364 0.65 359 0.63
Lys AAA 2085 1.29 2115 1.30 ACU 660 1.18 700 1.23
AAG 1136 0.71 1131 0.70 Val GUA 727 1.28 750 1.27
Leu CUA 887 0.95 891 0.96 GUC 420 0.74 412 0.70
cuc 712 0.76 683 0.74 GUG 407 0.72 437 0.74
CUG 543 0.58 548 0.59 GUU 721 1.27 767 1.30
Cuu 1220 1.31 1233 1.33 Trp UGG 733 1.00 718 1.00
UUA 1116 1.20 1100 1.19 Tyr UAC 695 0.62 695 0.60
UuG 1114 1.20 1105 1.19 UAU 1535 1.38 1608 1.40
Met AUG 874 1.00 925 1.00 Terminater UAA 1073 1.08 1058 1.09
Asn AAC 691 0.56 689 0.56 UAG 864 0.87 823 0.85
AAU 1783 1.44 1760 1.44 UGA 1048 1.05 1023 1.06
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Fig. 2 Changes of IR/SC boundary of chloroplast genomes of ten Dendroblum species
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Fig. 3 Global alignment analysis of Dendrobium chloroplast genomes
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Fig. 4 Analysis of nucleotide variability in chloroplast genome of ten species of Dendrobium
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