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M OE: MO EEY T AR AN S ERE S RE LT LR, AU EAER 2 ( Bulbophyllum roth-
schildianum) A4 E > ( Bulbophyllum longissimum) (SRS F A AT . A2 5ER, P50 EEM 4 F
A1 2% JE R ) SRR L DR A B T SR A T A . T A T AR S B T SR R ERRER KA T
22 SRR EE R 4140 )M 148 447, 151 095 bp, 5L HLAEROMR PUSMAZER , 43 BI40 5 126, 129 DMIIREIEH; S AR
W martE ek, L AU ZRFETF KR, SSRUBHETMRES (A/THRM) hE, RKELGFHNZHELEL;
75 S I IR T TR G DRI R A S Y (40 matK L yefl 48 ), IR/SC M AAETEY Rk 45 22 5 RER B EY,
R2AAEEBYMAE RGN FIE S PR W 3, JE R L NSRS R SE PN 2 A Mo S i ) I 43
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Comparative Analysis and Phylogenetic Study of the Chloroplast
Genomes of Bulbophyllum rothschildianum and Bulbophyllum lon-
gissimum

ZOU Wanxia, OUYANG Qinsen, TIAN Haijuan, HAO Jingjing, ZHUO Shubin"

Dongguan Botanical Garden, Dongguan, Guangdong 523128, China

Abstract: The aim of the study was to characterize the chloroplast genome structure and phylogenetic relationships
within the genus Bulbophyllum. We sequenced, assembled, and annotated the chloroplast genomes of B. rothschildianum
and B. longissimum for the first time. Comparative analyses of codon usage bias, repeat sequences, and sequence varia-
tion were then conducted with the available chloroplast genomes from four previously published Bulbophyllum species.
The chloroplast genome of B. rothschildianum and B. longissimum was 148 447 bp and 151 095 bp, respectively, both
showing a typical circular quadripartite structure containing 126 and 129 functional genes. Codons encoding leucine
exhibited the strongest usage bias, with codons ending in A/U being particularly abundant. SSR analysis revealed mo-
nonucleotide repeats (predominantly A/T type) were most abundant, and palindromic repeats dominated among long
repeats. Highly variable regions were mainly located in non-coding regions and selected coding genes (e.g., matK and
ycfl), with evident expansion and contraction at IR/SC boundaries. Phylogenetic analysis showed that the 32 Bulbo-
phyllum species formed a strongly supported clade and exhibited clear geographic differentiation into Asian and Central
and South American lineages, with B. rothschildianum and B. longissimum clustering together within the Asian lineage
and being closely related. The study would provide molecular insights into resource development, genetic conservation,
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and systematic research in the genus Bulbophyllum.
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1522 )& (Bulbophyllum) 3 J& T 2% F} ( Ore-
hidaceae ) , ZZFMEERZE . WERFEH
JBZ—, AERIAT 2 2200 Ffr, Ho 7 P IX 2 5
1700 Fl' 1 1% 8 At ) AN AL AT B2 1 00 B A (R
BHME, TeflgeBE 2z auisid BA A N P
S, At SREEZEYTIZ TR T AR K
EHALER | AR B AT SR AE , HBUR
TS — DR, HEAPUE . PUR . BUW
PrE AL AP S Mg BE D WA
THRA G 2RI RGO T LA, W HBE
PR Sl 2P R A A SR B S i
SRR, WFFEE R A% R R B S R B R R Be (i
matK . psbA-trnH ) #]2 @ T A G =B ARG K
FOSE, UESE TIMEREW ARG LT M, IF
PN AL S R PT RE AL A5 B0 . 248 I Ay
25, SR, BUA B FEER T Ok S
J Cirrhopetalum ZS7¥, i3 7 55 75 Bl S W0 Fp RkE
AT, W, G Rk R 55
TRGERBHERAEI RN, 20655 (I
Brachyantha, Cirrhopetalum A1 Cirrhopetaloides )
LIRSS R 2 RO RS i iR R 4
DUHZEA R PR SY  EHMURAR . B —hE R g%
FRER, MBRTERENEESHTHY RS RT
iR S (AR = i I A7) PN A LS
J2 I g T DX AR M ol ) i S R 4 R PR 21 %
etz #Ah, WA RGERFHRZMET
PEFRVER, SRZXPEFRGE (M) BRAZ
Pr, HOrT R T R M ARA B T80
FKERRETT, R AT it o> 5 Uk 1 4326
gt T8 A S BOI A 22 R AR v
F AL = (B. rothschildianum) 5K LA 5 =
( B.longissimum) fERWFFEXT 5, Foh & 4046
2RI EE R R SR Y, BAE
BRAESSREME . AUEFE 8 0 56
2 5RO T 2R RS R AT R
FECE AT, BRI L A 25/ 1E . TS
O3 K AR S XA, HiE— M ERGE KB,
IR RAETT . RO 5 25 T k4R
PEUR SR 7 TR

1 MB5AFE
1.1 8

AWEFE BT ) 246459 2= ( B. rothschildia-
num) FIHKAEA ©2% (B. longissimum) HF#E T
ZREEA Y B (113.75°N, 22.97°E) , fitik#t
B R KB R
12 A&
1.2.1 sFARARAGRRE NS LRAARE
TRAF BT e 2% 2 Lo A kA R )
#E17T DNA 828, JF ] Ilumina PE )37 &
HEAT 2x150 bp M, ARAT &5 o ek I 4508 o
122 "o AhARAGAERER FH
GetOrganelle v 1.7.7.0U3 oA 47 - 2 Ak 56 R 4
A i GeSeq! VR R S AR [H 20 EAT 2R
Hmi B . tRNA FEPUFT rRNA R w201
Bes A OGDRAW MR XA (it -4 A ik
P20 AT AT AL A BT, 2 i LB (R 4544
123 FAFHRIFESH KM CodonW 1.4.2'0
AT 2 R A ) S R L TR A 2 1 A
BOFAR X % 15 ffi H1 B2 (RSCU )
124 KEZFNFHETLFN 24 MM
MISA! V23 Hr ff B & )7 51 (SSR) o f#
REPuter! V(b A7 K F & 7 5140 #r , A8 3k 1T 1)
& (forward) . M EE (reverse) . HANEE
( complement ) . [I3CH & ( palindromic ) 4 Ffi 5
AL,
125 ARMERS AR 54 #H mVISTAM
LR T HANT G . KIEA G2/ 4 N
LR TS 2% 5., il IRscope7ELk T 24
Br 6 N0 522 B A IR XU 4 597 sk s ol , If:
2% H I
12,6 #Z%atibad M NCBI BdifEf R4 32
A G2 JRA Y B SRR IR R AL RS . T AR
S5O G2 B LR R X R RILH RGN EH
PAST, 53T R G F T PR s I E A G 258
FCRBER AN RPD > 210 ACHIF T Bk 1 A7 i
( Dendrobium officinale ) A& L1 f# ( Dendrobium
huoshanense ) 1E oM, Xt RGEEBWIHITER,
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I H PhyML v 3.0 ( http://www.atgc-montpellier.
fr/phyml ) TEZERMH R RRISRTE: (ML) HER
BREW

2 MREREE
21 AE=ZMFREERAESERFFE
22 DAL DN NG, AR TE A R AL

KNG HIR 148 447, 151 095 bp, —FHFRI K
B )RR R ZE M, EAE 1 DR DX
(LSC) . 1 N/NHFEDLX (SSC) Fl 2 ANl
HE X (TRa fil IRb) . HH, LSC KK 4
5% 85 173,83 160 bp, SSC XA JE 434l Ky 9492
13 077 bp, MM mEE XL (IR) K558
53 782, 54 858 bp (1 FIk 1) o 2 ¥yFhnt

ZMRAEA T 2R SE B eI (cp) FEH4L, AR AME GC F@EAHHN 37.3%.

B.rothschildianum
chloroplast genome
148 447 bp

B.longissimu
chloroplast genome
151 095 bp

m photosystem I
m photosystem IT
m cytochrome b/f complex
= ATP synthase

= NADH dehydrogenase
= RubisCO large subunit 4
= photosystem assembly/stability factors
m RNA polymerase

= ribosomal proteins ESSU)
= ribosomal proteins (LSU)
m transfer RNAs

m ribosomal RNAs

= clpP, matK.

m other genes

=] h%thetical chloroplast reading frames (ycf)
= ORFs

m photosystem I
m photosystem IT
= cytochrome b/f complex
= ATP synthase
= NADH dehydrogenase
= RubisCO large subunit
=] ﬂlllgtosystem assembly/stability factors
m RNA polymerase

= ribosomal proteins (SSU

m ribosomal proteins (LS|
m transfer RNAs
m ribosomal RNAs
= clpP, matk

m other genes

= hypothetical chloroplast reading frames (ycf)
= ORFs -

= origin of replication

= polycistronic transcripts

B1 2MAEZE=ZMERAREIL
Chloroplast genome map of two Bulbophyllum species

x1 AEZREYHSEEFEANEAREHE

= origin of replication

m polycistronic transcripts

Fig. 1

Tab. 1 Basic characteristics of chloroplast genomes of Bulbophyllum species
75 No B. rothschildianum B. longissimum B. steyermarkii B. albociliatum B. weddellii B. granulosum
1 F H 4 KN bp 148 447 151 095 146 720 151 046 151 355 151112
2 KEFE UL IX /bp 85173 83 160 83 488 85 956 83 450 84 492
3 IRa/bp 26 891 27 429 25955 25 853 25928 25 465
4 SSC/bp 9492 13077 1812 13 384 16 049 15 690
5 IRb/bp 26 891 27 429 35 465 25 853 25928 25 465
6 IR/bp 53782 54 858 61 420 51706 51 856 50930
7 FE B 126 129 122 127 120 120
8 1 5T g A 5 1R 80 83 76 81 74 74
9 tRNA F[H 38 38 38 38 38 38
10 rRNA FE[H 8 8 8 8 8 8
11 GC A& iE% 37.30 37.06 36.74 36.99 36.64 36.72
12 LSC X GC &i/% 34.63 34.48 34.20 34.46 34.09 34.26
13 IRb Xk GC & HE/% 42.99 42.77 42.80 43.20 43.16 43.13
14 SSC Xik GC & /% 28.98 29.52 27.43 29.23 28.90 29.13

15 IRa X1} GC & &/% 42.99 42.77 38.77 4321 43.16 43.13
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37.06%, FIH IR X GC FHfm, HKZE
LSC X, SSC X#fik (& 1) . HULFHF, K
TERER, FEERZMEALA T 20 5ET
126, 129 DIRESE N, Horp 8 1 4w 5 5 5 43l

80, 834>, tRNA FHI N 38 4, rRNA K [H
YN 8 4. HH AL H BIFE v 40 4 2%
Z506EM. BIREN . HAD R FmIIHe Ak A
R (£2),

T2 ZRBERZE5KUEAEZMFZEEFANERAK
Tab. 2 Gene composition of chloroplast genomes of B. rothschildianum and B. longissimum

FEHRe a2 TR B
Gene function category Gene category Gene name
A EH RS T W psaA, psaB, psaC. psal, psal
YRS 11 WA psbA, psbB, psbC, psbD, pshE, psbF, psbH, psbl, pshJ. psbK,
psbL., psbM, psbN, psbT. psbZ
NADH Jjt & 5 W7 3% ndhB(x2). ndhC. ndhD
iR b/ E AW petA. petB. petD. petG. petL. petN
ATP ATl 7 2 atpA. atpB. atpE. atpF. atpH. atp. |
W RR AL R (L rbcL
Skl k] R A 0 3 rpll4. rpl16. rpl2(x2). rpl20. rpl22. rpl23(x2). rpl32. rpl33. rpl36
WA /N 3 rpsil. rpsi2(x2)., rpsl4, rpslS. rpsl6. rpsl8. rpslo(x2). rps2.
rps3. rps4. rps7(x2). rps8
5T DNA [ RNA R4 fif poA, rpoB, rpoC1 ,rpoC2
% BEK RNA renl6., rrn23. rrn4.5. rrns
15 RNA trnA-UGC(x2). trnC-GCA. trnD-GUC, trnE-UUC, trnF-GAA. trnG-
GCC. trnG-UCC. trnH-GUG(x2). trnl-GAU(x2). trnK-UUU . trnL-
CAA(x2). trnL-UAA. trnL-UAG. trnM-CAU(x2). trnN-GUU(x2).
trnP-UGG. trnQ-UUG, trnR-ACG(x2). trnR-UCU, trnS-GCU, trnS
GGA. trnSUGA. trnT-GGU , trnT-UGU , trnV-GAC(x2). trnV-UAC,
trnW-CCA. trnY-GUA. trnfM-CAU
HoAt 3 [ AT matK
el clpP1
AR 1 cemA
LT A BRALEE accD
C AVAHM 68 3R 5 R CcCsA
WG N infA
KA RE YIeAR I E ycfl. ycf2(x2). ycf3. ycf4

WAk, ZEAE 4 NEEFEA G ZIRYFHY
MR AR SER A E BRI, X 6 ASFh 3L R 41 K/
1E 146 720 ( B. steyermarkii ) ~151 355 bp (B.
weddellii ) Z i8], GC & it yulFlh 36.64%~37.30%,
H BB 2w (37.3%) , B. weddellii
ik (36.64% ) (% 1), RWAT2EMHEY7ERE
PR 21 20 RN 2540 A7 — o i st AR
22 FWFRIFES R

AHIESE 53 IR AL I =2 T e A =2 g
PRIEPR A 11 80, 83 AR [ 5 it ik A (1) 2% 1 7
M RHEITRG T (£ 3) o 4R ER, =
SR AR SE RN 2 A3 AT 23 974 S FT 24 695
AT, ALFE A 28R B 5 G A S R
LILET . TEMBEAIER BT, RER

(Leu ) ffi MR Sy, 430l o SEAE GBI =2 T Ak
A1 52 KBRS T R 10.28% (2465 4~) F110.23%
(2527 4%) 3 WEBEKE (Gln) & HAMR 9.09%
(2180 1> ) F19.14% (2256 4 ) 5 KA MR ( Asn)
A 9.04%( 2167 4~ )F1 9.12%( 2251 4 ) ;
PR (Cys ) MBS, 5300
i 1.19% (2854 ) H11.18% (292 4) , il
AN [) B2 R R A I (A S DR 2 4 0 b P i - 25 5
AHXT ] Sl H B RSCU 208 (% 3)
FW, WYF R EIE 29 F 30 MEE TR
RSCU fHRTF 1, B ik L2 1 57 4 v H A3 BH
WA m G . b, FER (Arg) X HY AGA
AT P f 5, RSCU B 439114 1.89 Fi 1.93;
M2 %R (Ser) XN AGC %S T e/,
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Tab. 3 Codon usage frequencies and RSCU values of amino acids in B. rothschildianum and B. longissimum

B. rothschildianum B. longissimum
RIER gy HIXTIR 8 HIXF I L
AmIn cogon HOR MBS B Ll MR ROUREC BEC NI g
Number Frequency Total Percentage/% Number Frequency Total Percentage/%

RSCU RSCU

Ala GCA 376 1.5631 1238 5.16 1.2148 388 1.5659 1271 5.15 1.2210
GCC 174 0.7234 0.5621 175 0.7063 0.5507

GCG 118 0.4906 0.3812 118 0.4762 0.3713

GCT 570 2.3697 1.8416 590 2.3811 1.8568

Arg AGA 474 1.9706 1498 6.25 1.8985 495 1.9977 1538 6.23 1.9310
AGG 164 0.6818 0.6568 165 0.6659 0.6436

CGA 337 1.4010 1.3497 342 1.3803 1.3342

CGC 86 0.3575 0.3444 86 0.3471 0.3355

CGG 102 0.4240 0.4085 109 0.4399 0.4252

CGT 335 1.3927 1.3417 341 1.3762 1.3303

Asn AAC 252 1.0476 2167 9.04 0.4326 264 1.0655 2251 9.12 0.4327
AAT 913 3.7956 1.5673 956 3.8583 1.5672

GAC 188 0.7816 0.3752 189 0.7628 0.3666

GAT 814 3.3841 1.6247 842 3.3982 1.6333

Cys TGC 67 0.2785 285 1.19 0.4701 74 0.2987 292 1.18 0.5068
TGT 218 0.9063 1.5298 218 0.8798 1.4931

Gln CAA 657 2.7314 2180 9.09 1.5138 669 2.7000 2256 9.14 1.5118
CAG 211 0.8772 0.4861 216 0.8717 0.4881

GAA 974 4.0492 1.4847 1017 4.1044 1.4835

GAG 338 1.4052 0.5152 354 1.4287 0.5164

Gly GGA 648 2.6939 1600 6.67 1.6200 658 2.6556 1629 6.60 1.6157
GGC 164 0.6818 0.4100 167 0.6740 0.4100

GGG 279 1.1599 0.6975 284 1.1462 0.6973

GGT 509 2.1161 1.2725 520 2.0986 1.2768

His CAC 132 0.5488 611 2.55 0.4320 134 0.5408 626 2.53 0.4281
CAT 479 1.9914 1.5679 492 1.9856 1.5718

Ile ATA 615 2.5567 2017 8.41 0.9147 649 2.6193 2102 8.51 0.9262
ATC 435 1.8084 0.647 451 1.8202 0.6436

ATT 967 4.0201 1.4382 1002 4.0439 1.4300

Leu CTA 356 1.4800 2465 10.28 0.8665 372 1.5013 2527 10.23 0.8832
CTC 169 0.7026 0.4113 172 0.6942 0.4083

CTG 170 0.7067 0.4137 179 0.7224 0.4250

CTT 514 2.1369 1.2511 511 2.0623 1.2132

TTA 738 3.0681 1.7963 770 3.1076 1.8282

TTG 518 2.1535 1.2608 523 2.1107 1.2417

Lys AAA 992 4.1241 1364 5.69 1.4545 1033 4.1690 1414 5.73 1.4611
AAG 372 1.5465 0.5454 381 1.5377 0.5388

Met ATG 554 2.3032 554 2.31 1.0000 578 2.3327 578 2.34 1.0000
Phe TTC 519 2.1576 1352 5.64 0.7677 537 2.1672 1410 5.71 0.7617
TTT 833 3.4630 1.2322 873 3.5233 1.2382

Pro CCA 284 1.1807 984 4.10 1.1544 279 1.1260 993 4.02 1.1238

CCC 220 0.9146 0.8943 223 0.9 0.8982
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Tab.3 Codon usage frequencies and RSCU values of amino acids in B. rothschildianum and B. longissimum (Continued)

B. rothschildianum

B. longissimum

IR . IR
P S O L e AR SO T YV L A i
acid Number Frequency Total Percentage/% RN YL Number Frequency Total Percentage/% 5

RSCU RSCU

Pro CCG 113 0.4698 984 4.10 0.4593 115 0.4641 993 4.02 0.4632

CCT 367 1.5257 1.4918 376 1.5175 1.5146

Ser AGC 108 0.4490 1889 7.88 0.3430 107 0.4318 1937 7.84 0.3314

AGT 364 1.5133 1.1561 378 1.5255 1.1708

TCA 372 1.5465 1.1815 374 1.5094 1.1584

TCC 313 1.3012 0.9941 326 1.3157 1.0098

TCG 157 0.6527 0.4986 169 0.6821 0.5234

TCT 575 2.3905 1.8263 583 2.3529 1.8058

Thr ACA 366 1.5216 1223 5.10 1.1970 383 1.5457 1261 5.11 1.2149

ACC 220 0.9146 0.7195 230 0.9282 0.7295

ACG 143 0.5945 0.4677 141 0.5691 0.4472

ACT 494 2.0537 1.6156 507 2.0462 1.6082

Trp TGG 422 1.7544 422 1.76 1.0000 430 1.7354 430 1.74 1.0000

Tyr TAC 172 0.7151 852 3.55 0.4037 173 0.6982 873 3.54 0.3963

TAT 680 2.8270 1.5962 700 2.8251 1.6036

Val GTA 453 1.8833 1273 5.31 1.4234 463 1.8686 1307 5.29 1.4169

GTC 170 0.7067 0.5341 178 0.7184 0.5447

GTG 208 0.8647 0.6535 213 0.8596 0.6518

GTT 442 1.8375 1.3888 453 1.8282 1.3863

it 23974 24 695

RSCU fH#HAK, 70510 0.34 F10.33, A, G
% ( Trp, UGG ) FIZEZ MR ( Met, AUG ) ) RSCU
{6344 1.00, Wd B HAE P54 Fh b JC BH A8 R R 4r
J& T Hihe I R RS R B ST

TERTA ST, DL A B U 25BN T
BT, ARG 70%, XRE T
KEZEHAGEE M) RSCU {H, 00754y Fh i 2 {4
IR ZH 3 AR AEAEREIR ) A/U Dl , m] i 5 -4
PRI PR 2 v 3 A7 6 A AVT B SR 4R 1IE AT 6
23 KEEFIMERESKF IS

AWFFEH ] REPuter A% 6 /> H 2% JRAH
Pyt AR SR K R P AN AT AT, ks
EH 247 AAKEEFA (K 2) . SYFEET
I H AT 34~48 A2 H], Hrb B. rothschildia-
num, B. steyermarkii il B. albociliatum {5 & 5
SIECE A, B8 41 4>, EHE )P ISR HEIE A
HE (forward) . RIAEE (reverse) . [ HE
% (palindrome ) FIH#FEE ( complement ) 4 Ff
M, Hifp, BR B. rothschildianum Fi1 B. weddellii

H 2 $( & Number of repeats

HE $E Number of repeats

30

20

10

30

20

10

2

0 . . .
30-34 35-39 40-44 45-49 50-54 55-59 >60

B B. rothschildianum WM B. steyermarkii
B B. longissimum B B. weddellii

- W B. albociliatum O B. granulosum
Forward Reverse Palindrome Complement
EE A Type of repeats

W B. rothschildianum W B. steyermarkii
M B. longissimum B B. weddellii
L W B. albociliatum O B. granulosum

HE KJF Lenth of repeats
CHMAOSZEEYNKESFIIRBEKE

Fig. 2 Types and lengths of long repeat sequences in six

Bulbophyllum species
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UF 3 Fh2RA (b ERNER ) A, HR 440
P o s I 2 438 4 FhE 28, FERTA RN,
[n] SCHE A2 (B B 22( 22~26 1, 1 HE 55%~65% ),
HWMIEMEZ(8~14 MM MEE(1~7 1),
BREERD (0~3 1) o NEEFIIKE
KE, REBEZIFIIKEETLE 30~34 bp
35~39 bp MA~X 8], ¥ B. longissimum £l %] 5
MK 60 bp WEE T, e H ALY A
WRERKER TN 11

AN, AR5 A MISA #44t— 2 0 i b
o6 MG B SRS A R R E R
JP3 (SSR) &8 | Had Sor A fefik, 35
379 4~ SSR s (% 4) . K YFh SSR Him 2=
S, AT 55 ( B. rothschildianum) ~80 /> ( B.
albociliatum) Z i, HHr B. longissimum 5 B.
weddellii /) SSR £ AH[A], 312 61 4~ M SSR
KBHAMKE, PETREZITFIENFER

(37~474) , HULA/T BT, 1 C/G R
WIHCH DL, AUAE B. steyermarkii Higifiih; —
BHmRERE Rz, b AT/AT S8 HEkZ,
AG/CT RAITEAER 6 Fh A g e e (A
YRMAKH 2 ) SERREZFS (W
AAT/ATT . ACT/AGT 1 AAG/CTT ) 7EBE B.
weddellii M)Al 5 APF bAoA R
iz 2 P LRI E] 7 FhEH, U E AATT/
AATT . ACAG/CTGT ,AGAT/ATCT ,AAAT/ATTT,
AAGT/ACTT. AGCG/CGCT #1 AAAG/CTTT; 1o
¥ 3 R B &2 7 5 AU AE B. longissimum Al B.
steyermarkii H B N IR EE P Y E B
rothschildianum, B. steyermarkii FiI B. albociliatum
g As H, Hdr Ll B. albociliatum 928 B 5,
Bk AAATTG/AATTTC #b, H4x 5 Fp2EAl ( AAA-
TAG/ATTTCT . AATATG/ATATTC . ACATAT/
ATATGT. ATATCC/ATATGG ) ¥l lish % & .

R4 cHMAEZREYNERESEFIFINERLKE
Tab. 4 SSR types and counts in six Bulbophyllum species

fE BT

% Number

Repeat unit

B. rothschildianum B. longissimum

B. steyermarkii ~ B. albociliatum B. weddellii B. granulosum

A/T

C/G

AG/CT

AT/AT

AAT/ATT
ACT/AGT
AAG/CTT
AATT/AATT
ACAG/CTGT
AGAT/ATCT
AAAT/ATTT
AAGT/ACTT
AGCG/CGCT
AAAG/CTTT
AATAC/ATTGT
AATAT/ATATT
ATATC/ATATG
AAATG/ATTTC
AAATAG/ATTTCT
AATATG/ATATTC
ACATAT/ATATGT
ATATCC/ATATGG
AAATTG/AATTTC

fit

~
)

47

—_ 0 O O O O O O O O O OO O = = = O = N & 0 O
S O O O O O O = = O O O O = = =, O = = Wn D o

w
W
N
—_

41 53
0

A
)

37
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=T R — R e — I = T =T R = - e L
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Fig. 4 Boundary analysis of chloroplast genomes in six Bulbophyllum species
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Fig. 5 Phylogenetic tree constructed based on chloroplast genome
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