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Abstract: Objective To obtain comprehensive information on the chloroplast (cp) genome of Dendrobium devonianum and
estimate the phylogenetic relationships within the genus Dendrobium. Methods The cp genome of D. devonianum was sequenced
using the Hlumina platform. Bioinformatics software was employed to assemble, annotate, and characterize the cp genome. A
phylogenetic tree was reconstructed based on the coding sequence. Results The complete cp genome of D. devonianum spaned 146
493 bp and consists of a large single-copy region (84 932 bp), a small single-copy region (13 036 bp), and reverse complementary
repeat region (24 263 bp), and the total GC content was 37.4%. A total of 118 genes were identified, comprising 72 protein-coding
genes, 38 tRNAs and 8 rRNAs. Analysis of codon usage bias revealed that leucine was the most frequently utilized amino acid in the
cp genome. Phylogenetic analysis demonstrated that D. devonianum did not form a monophyletic clade instead of sharing a sister
relationship with D. aphyllum. Additionally, D. hercoglossum and D. aduncum from Sect. Breviflores were grouped with other
species from Sect. Dendrobium. Conclusion The cp genome of D. devonianum exhibits a typical circular tetrameric structure and
displays the closest similarity to D. aphyllum. The D. hercoglossum and D. aduncum from Sect. Breviflores have a closer genetic
relationship with the Sect. Dendrobium and it is more appropriate to incorporate them into the Sect. Dendrobium.
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SHAGRE oI mER, gmidsEE 741 (coding
sequence, CDS) MIAHXfaE, ERFAK BT H
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NanoDrop 2000 #% ®& Wl % 1% ( Nanodrop
Technologies, £E) Al DNA Jiif, &4 )5
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Dendrobium devonianum
chloroplast genome
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HAEY) 3 2%, Tt ZHAEY) % 2 2%, SIFF4H.
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13035, 24263 bp. R A ft GC &l 37.4%, AT
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Gene map of the chloroplast (cp) genome in D. devonianum
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Table 1 Structure and composition of cp genome in D. devonianum

[X 45 Al% Cl% G/% T/% GC/% TlZE K B2 /bp
B 30.7 19.0 18.4 31.9 374 146 493
IRa 28.2 21.0 225 28.4 435 24 263
IRb 295 20.4 18.2 318 38.6 24 263
LSC 317 18.0 17.1 33.2 35.1 84 932
SSC 31.2 19.1 19.7 30.0 29.8 13036

32 MERHEERBETHEER 772K

B A SRR R ZH R 2 118 MR, o
HAIGEE . tRNA HEF 5 rRNA FER 5351 72,
38 1 8 A~ MR H IhREn] LM RAI 150 4 K& 535
& HIREHIAHEER . JeAERAHICE:R . HoAth & [
MIARFIRERER . (EIXEIER F, 6 NMERA YR
FEER (rpl22. rps19. rpl2. rpl23. rps7. rpsl2). 8
AN tRNA Fif3ER (trnH-GUG. trnl-CAU. trL-CAA.
trnV-GAC . trnl-GAU . trnA-UGC . trnR-ACG .
trnN-GUU) F1 4 /> rRNA Zifd3E A (rr16S. rrm23S.,
rm4.5S. rmsS) 7T IR X, MEARERHN T T4

THRW, KA 19 MERBEA NS, Hdf 2
AN CelpP. yef3) &/ 2 AMNET, Hp 17 M
R E S L MR ETF (R2).
33 EERIINH

KESRFIRIEKE=30bp MELFS, L4
T SR A DRI 20 R HE AR as A 2 AR D . A
LA AR 26 M ET T, B3 6 AN IE
FEE. 18 MR CEEM 2 AN M EE, KGN E
HANEZTFH,

SSR & — B M H BEIY DNA 751, KR 1~
6 bp, | T GARE AR FAE . B

R2 ZEARMEREEREIRER

Table 2 Annotation information of cp genome in D. devonianum

RS HE K 4y 4 B AR
HEREHAHCHER A RNA LR rrn16s (>2), rr23s (>2), rm4.5S (>2), rrss (2)

3% RNA LK trnA-UGC  (>2)", trnC-GCA, trD-GUC, trnE-UUC, trnF-GAA,
trnG-UCC”™ (>), trnH-GUG (>Q), trnl-GAU" (>), trnl-CAU™ (>),
trnK-UUU", trnL-UAG, trnL-UAA®, trnL-CAA (>2), trnM-CAU,
trnN-GUU (>2), trnP-UGG, trnQ-UUG, trnR-UCU, trnR-ACG (<),
trnS-GGA (>2), trnS-UGA, trnT-GGU, trnT-UGU, trnV-UAC",
trnV-GAC (>R), trnW-CCA, trnY-GUA, trnfM-CAU

3 RN g =R rps1l, rps12 (>2), rpsl4, rpsi5, rps16”, rpsl8, rps19 (>2), rps2, rps3,
rps4, rps7 (>2), rps8

A S PN 2= rpl14, rpl16®, rpl2 (>2)*, rpl20, rpl22, rpl23 (>2), rpl32, rpl33, rpl36

DNA K% R 5 & 1 rpoA, rpoB, rpoC1*, rpoC2

HEERMEERE RS psaA, psaB, psaC, psal, psaJ

WHFRG N psbA, psbB, pshbC, pshD, psbE, psbF, psbH, psbl, psbd, psbK, psbL,
psbM, psbN, psbT, psbz, ycf3™

Lt R B AW bIf W petA, petB*, petD*, petG, petL, petN

ATP A 5 atpA, atpB, atpE, atpF”, atpH, atpl

Rubisco FfR 7 5 rbcL

NADH-ffit & i 7. 5 —

H A I AT matK

fEREN cemA

2R A R AL BT AL accD

¢ B B 3 itk A ccsA

H AN clpP™

AN T infA

RANDIRESE A PR SF T L AE ycfl”, ycf4
EHIMNET TEH2AWET

* containing one intron  “containing two introns
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iR SR RS [RI 2 SSRs 287 e A AR 3, m WL TUEHIREERF 5 MIABHREERET 11,
FEA b AR FE R 2 S 42 A SSR i, B KRR AR TR 2 5L 7 . SSRs 2 Ay
MEHRER T 230, EHREERT 131, PLAIT NE (234Y); HION ATIAT (12 49,

*3 ERAMMRIEEREE SSRs KB KE
Table 3 Type and quantity of SSRs of cp genome in D. devonianum

IR SSRs #HE 741 Ko 5 Lb/% At /%
LT AT 23 54.76 54.76
TREHR AGICT 1 2.38 30.95
AT/AT 12 28.57

UKz R AAAG/CTTT 1 2.38 11.90
AAAT/ATTT 1 2.38
AATT/AATT 1 2.38
ACAGICTGT 1 2.38
AGAT/ATCT 1 2.38

ANETR AGATGG/ATCTCC 1 2.38 2.38

&it 42

34 FHEFRIFHES T FAEREN T o, PR & SRR N E R

SR G B, ERAMIEE 64 (Lew, ZwhY 1541 ¥k, 5 9.89%; Ik AAk g Ik
P, SRS 15 575 Ik, Hr 61 i BRONEERR, WEY 277 IR, 5 1.78%. SRR A fRtnt
7 4ifid 24 Fha LR, HoAy 3 Fhs i 7ok 1bashd  SAIE4d RSCU=1 &S 1364 32 Fh, Hir
T (E 2). FHMERENEL TN GAA, FH  3FLLGIC &E, 29 MLl AU 5. thak, KA
AR 691 X, RSCU Ay 1.54; [ MR EARM NS bt iR LR 20 ENc i 0 48.62, GC #1 GC3s & &
TN UGA, {4k 11 7%, RSCU } 0.8. fEFTE 7374 38.2%A 25.8%.

(9]
[ |
[T T ]
[ T T

RSCU

“Ala Arg Asn Asp Cys GIn Glu Gly His Ile Leu Lys Met Phe Pro Ser Thr Trp Tyr Val Stop

AGa G
hcA ; AGU
0 Cotl AL SAL o EAR An Gou A AUt b AAs AT U e A

B2 LEAMMTESEEEERAENENERFERE
Fig. 2 Relative synonymous codon usage of cp genome in D. devonianum
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HAREAR M ERE, S5 ER, HEAM. =20
AR A e e AR RIS A 4 ANA T, 2l
#& IRb-LSC. IRb-SSC. IRa-SSC. IRa-LSC (|4 3).

3 MR rpl22 ZEF AT IRb-LSC 145, 7E IRb
XA K E A 37~46 bp. 54T AR A R yefl
FEPIAI T IRb-SSC 1 IRa-SSC 3 FL, 4% Kz A7 i)
ycfl F K58 40T SSC X [HAERME, My
i) ndhF JERAL T IRb-SSC L F4h, HAeMRK
ndhF J:H7E IRb-SSC i A5k o ek, 3 AMIFH
psbA J: A58 447 T LSC X, i IRa-LSC 4%t 110~

120 bp; 1 rps19 FEPKMFE4AL T IR X6
JSA JLA

R AT M:ﬂ%u#m 2 E
146 493 bp AL e

22 73t : e T
152 581 bp o e o

T T e
159 520 bp

B3 3MARBEYIMEEERESA LSC. IRs f SSC A F XIHR
Fig. 3 Comparison of LSC, IRs, and SSC border regions of cp genome in three Dendrobium species

36 EFEERIITSRS

RVEAS A it I SRR IS (R 28 7 B 1) 22 SRR
AHE T LB AT ff (OK_173600.1) 1E NS %
4, KH mVISTA L& T H, WEEAf. za
kAR B A ik T SR AR IR IR 21 4 K P B3R AT L X 43
r (B 4>, mE4a0, 3 &MEEARR FE 5 AR
Gt X AR 5 T EE A Ag X 3k LSC X, SSC X 4%
SIS KT IR X, rRNA ZERE R, BREA

matk

—
psbA ImK-UUU  rps16 psbK
e — —

(IR matK. trnV-UAC. rbcL. ndhF. rpsl5.
yefls Fofd B A CR PR L R m,  AHUEERIE 90%
PAiE. 3 MmN E X, 4 trF-GAA-
trnV-UAC. rbcL-accD. ycf4-cemA. ndhF-rpl32 #i
ccsA-psaC, LRI THEF X . HAh, %A A
SHIXTEOR, Qi yef15, trnL-CAA, rps12 [, iX
BERE RN 5 B A i SO iR ) 7 T 2 e FR A T
polEiapviE 8

pofl
—

MD-GUC s imGuce
tmC-GCA psbM tmY-GUA tmS-UGA tmfM-CAU
hed &80 psed”

pemtrhE-JuC ST

imT-GGUR

40x 44k 48k

petD rps11 psd ml6 pi22 IMH-GUG rpi23
-«

oA P13 pl14 ps3 rps19_pi12_-CAY

56k 60k &4k 8k 12k
YOMStML-CAA NdhB  tmV-GAC tml-GAU 23 rmmé.5rms
P — . i |

36k 40
psoB  psbT petB

AN

rpsi2_ rpsT (16 tmA-UGCIR-ACG tMN-GUU

k 84k 92k
psaC ndhE ndnG ndhl ndhA ndhH
«

96k
rN-GUU 0§ rnd 523

100k
mi6

«
psi5

ps1Z TrRACE TmAUGE Tmk-GAU TmV-GAC

4 3 FARBEYIHZAEEE L[5
Fig. 4 Global alignment analysis of cp genome in three Dendrobium species
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Bon, AR 3 MEARTEREBR, 5% A D.
officinale Kimura et Migo IRk R A S 58

100! 98
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99
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100 WEEA ik (OK_173600)

99— BN £ (NC_068068)

100

JEA £ D. aphyllum (Rohb.) C. E. Fishcher f{35455 £ 8¢
i, AR AM 3 MERIFRERN—L, Hi
NC 035325 F1 LC 317045 #4J % H & 4 %, 1
OR_231924 S55tJE i fb ik R, JAL, @

R FEARR N — 3, JF SR HMRE A D.
strongylanthum Rchb. F ECAERRIKE R, SCRERIL 100%.

Hh=2f it (OR_231926)
=541/ (0Q_360111)
H=2F ik (NC_038076)
A (NC_024019)
VAFEAE (NC_038077)
HPIRA i (NC_038077)
HEAM (NC_035328)
FE il (NC_028430)
ANZEA M (NC_035154)
ST (NC_029456)
ERAfE (NC_035325)

A

A

Fifd

i Af (OR 231924) FifstE
YE £ (NC_035322)
WA (NC_035342)
BHA R (NC_035324)
EhE A (NC_028549)
/NEEAEA iRt (NC_035337)
BIH-A s (NC_035333)
Stk (NC_035343)
St (NC_035340)
WEAf (NC_027691)
WE At (OR_231925)

T4

SIH-2H
|5 i 4
Lipanf-4
|2t

Y
LA (OK_173601) e

PHE22 (NC_067753)

.
%1424 (NC_063952) ‘”*ﬁ

E 5 £TFHBE CDSWEAME ML RELXEH
Fig. 5 Construction of ML phylogenetic trees of Dendrobium and other species based on common CDS

4 T1ig
4.1 MEFEERBFIHFERELE D

B bR AR SR R 4 45 K 146 493 bp, GC
TN 37.4%, HL4mhD 118 NMER; & XTI GC
B NS FMRAK RN IRs>LSC>SSC, H: 5 K 1] g
& IR X &1 B GC Er it rRNA JER RS, 5 hi
B TIE A D. heterocarpum Lindl.. S8 A fish
D. trigonopus Rchb. FAfF 7 45 B — 3B,

SSRs MWAF/E T EHAZEMIERNA T, RHELZE
e AT iz Wit (3D 751 i B AR S s
s34 IR B H K oA R A R S,
YERFhmc iz T RERE AL 5 i R 255
FHOGHF AT IS-96) % Rz A fiph i 2 A 56 PR 4 o Ao 0 2]
42 A~ SSR fipi, DIRAZHTR (54.76%) EENFE
BRM, HUCH AR (30.95%); HLEX TR AN
TR ES RIS, AT R ATITA 8
F, HA SSRs MELHRIGIF T EH A K& T kA

G, BOHIL GIC BIRER TS, X522
JLZE Berchemia polyphylla Wall. ex Laws.. H 4
Ardisia crispa (Thunb.) A. DC.Z& i A4 #2231 ()
SER—38, BRI SRR IE R ZH ) SSRs B
HHHER AT fwiF ik, HEFTEeS AT f1 GC HIfE
A G FE A )BT, Ak, Mukhopadhyay Z5EB8IA
AT I ] P 38 5 P g A DR A % [X 980 A8
FREEAHOGHR . ARAEX 8 Hom sty it 250 A A
AR B IR G Rl KL, GC S ER S
IR XA SR RECT GC & BHUKH LSC [X
ASSC [X, PRILwTHEWT, Bk der 1 T BE5 7 51
A SRR 2 IEAH G

FEW T FE TR, Leu 5B Atk
PREERI 2 rp o b e O AR R (9.89%) . RSCU il
i A B R O 4 1 ) R AR AR, 24 RSCU>1
I, RUFZE RS S, RZNHZ LT
fi AR BRI, 25 B A it RSCU>1 1) 30 Fh#5 1Y
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T, A 29 UL AU 45, RN B Rt ak
IRFERI i (6 AJU 45 R [R) B RS F, X522
BRI AR — 88, dhal, SRR A 2%
PRIERZHT ENc (HKT 40, $Rn2hg 18 F W i
PEEL 5101 5K R it AR B R 2 GC AT GC3s &
35/ T 50%, K B H B S 15 A R T Bl
5 O kIE A g HAR YRR 7o 4 R — 80, e
¥ Glycyrrhiza uralensis Fisch.*H il £ 1% 48 & 3%
Sanicula rubriflora Fr. SchmidtB70 5 % 31 1 28401
it T4

IR/SC i1 51748 5 j& W AR B DR 2H S5 40 A8 e 1) 32
BRF) Jg, HUAE G SRR Sk DNA (135
e FE e s s A 248, A Fed 3 ATt
PSRRI N 417E IRD-SSC. IRa-SSC i FA71E
K ZER, IRb-LSC Al IRa-LSC 21 F NIAH X 42 H 7
5, HACRZHCE R AN 5 R R i 25
A ndhF JEFIERE, — A hitggfas ndh
T IR Ayt 2 A T2 2R R 1 D) R AL B AT A%
AR AR, SR NI T
LRI R AR ES461, 78 Ho A 2= BHE A 52 2126
RIS LY. mVISTA 7-FT &I, SEEcA R 2
A FERHRTSER A fipp i S A JEE DR 20 7 91 A 2 R i (X
fAAE RS, Hdh LSC F1 SSC X 1748 S FE i
Ko IAk, 3 MFIH matK. trnV-UAC. rbcL. ndhF.
rpsl5. ycfl . trnF-GAA-trnV-UAC . rbclL-aceD .
ycfa-cemA. ndhF-rpl32 1 ccsA-psaC [X 45 77-7F &
A, X LS AR X R A B YRR 23 R iC T R
FEre it DNA SRS S Fh 73 28 % i SR L 2
WA -
42 RGEETH

KA T LAV R 2 M 2 A6 22 6 HE, T 53
ML CDS W RGK B W TT RIS A S
FISAMPIESGRRET. (HEE AR 3 MR
KRIEAN—3C, RE = EERIFEA OR_231924 54t
JE A A BRI IR R R, R B BTN U PN REA
NC_035325 Fll LC_317045 ¥4 R 4> 35 $Ron AN
R 1 BV AT e S ECE A AN AR R, R &S
BAEY Artemisia argyi Lévl. et Van.48l, fiF K
Isodon rubescens (Hemsley) H. Haral*I&: 4 b 45
FHESL, Beah, SR E B AR D. hercoglossum
Rchb. FAIER 47 /8 D. aduncum Wall ex Lindl. 547
fiRtH AU A it D. scoriarum W. W. Smith. 2k 52 A
fithy BEZ2A At 2 (L7 D. huoshanense C. Z. Tang

et S. J. Cheng. #HZ547f¢# D. moniliforme (L.) Sw.. 4
BUA i D. moniliforme (L.) SW.AYF RAE R — 4052
GCRFRRT 70%); MHETET ITS FHNRAKE
SIHT N S A RN R A AR, T A
I JeB e i ZH 150, S v A U SR IR A
I, AHIE T A5 SRS E S A AR AR A R I N
HE A A, HEAR 2 MEARSREBAHL
HEAf# D. williamsonii Day et Rchb. F.. S84 fig}
RBN—3, SEGHRIEETFRMEER, MikE
FEHZH RS A R R IR 2R, SCREZRIA 100%.
A AR A B A R R, RHME B S BB E
BURFERT &, AH 2 5 A7 AE HoAt o e MR e i —
RV RN, HTREARRRSG, WHEZ R
FUEHE SCHR,  HE T SR AR R DR A B R A B
AR REAED A KT b ok i Ja 1 20 R A R G
417 5

AT RTS8 R A ik R A DR ZH gk A T 2 23 A0 7
o, AMUFEE TARUBEDEE TR, oA
J& SETT R FEAR B AL “2 FEHAL 2 FEVERT U BE5E 1 R
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