P VEY 4R 2023, 44(6): 1097-1105
Chinese Journal of Tropical Crops

MEEYFEMAE=MHFREEFABFESRELE AN

SLakfr', EHRT, FHEES, MW, MHN, Gie
L PRI BE ARG, TR T 530007; 2. ) MAATEAEMIREA R A E], &AM 510555

 E. Fmiyn: (Paphiopedilum venustum) BB 55 W E MHE AP E W20 B, BPAMSRURBIIG K 4, nafihst
41 (cpDNA ) HARHELU/N . ditafae . m RSS2 HTEY RE LB MY EE, THRAEmL-
LR R SR A S50, W 7 0 22 SR A Y R G A G R A R Y ARS8 Ao A v ek D R R AR A 55 i
2RSSR TS, FIH GeSeq. blast A1 hmmer B4 4RI R 477 RE, R MISA. CodonW ., fasttree
GG B R S A 450 . BEREH | PPN EE . BRI RS L B AT, A5 RERY] . FHade s
M A R L S5 M ST, B LR A BROIR IO 40 2548, — X [ B IX (TR )4 K848 DX (LSC ) AN L( SSC)
I, @1 158298 bp, GC Fa N 35.4%, ILEBMAE] 129 3K, fU4E 79 MERAMMILHE, 38 4~ tRNA FH . 8 4
rRNA JEFRFT 4 MBIEF ; KE] 78 4~ SSR o5, DR BEHREE M _ZHRERZ NE, /5ldi 84.62%1 10.26%,
THEBEHRER, FHKZH AL TH; E T EELT 3214, 90. 6%%&1 AKX ULRE, iR (Leu) [
Tl AR R B, MRS BEERR (Cys) BUSRD T AR e fik, i Hhde 18 /l\jﬂffﬁﬂmﬂfiﬁi%léﬂ Fa 3
REIE B, SAEF PR 22 2 A*’U:E*ﬁ%%ﬁﬁﬂ%ﬁi—i’i, R JE s R, b FEide s (P
venustum ) 5[] J@ (28805824 (P purpuratum) SEZOCR B Y], ARBEFERE Y SSR AL TR £ A MR ﬁZf’EjJB%j
W R 5 S5 58 A A% ZREPE 4 FhRic, MR WEHIY 75 im0 22 RO SR A 2 . AL B S RIS K
W, MY R RIKE . A SRR BRI BT R 7 B R SRR

K FWYLE; HERARSENYL; KT REL T

FESES: S682.31 XERARINAD: A

Genomic Characteristics and Phylogenic Analysis of Chloroplast of
the Endangered Plant Paphiopedilum venustum
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Abstract: Paphiopedilum venustum, an endangered wild resources, has high ornamental value and conservation bio-
logical value. Chloroplast genome (cpDNA), small with stable structure and high conserved in nature, has been widely
used in plant phylogeny and species identification. Understanding the chloroplast genome structure of P. venustum is of
great significance in revealing the phylogenetic relationship of Paphiopedilum. In this study, the whole chloroplast ge-
nome of P. venustum was sequenced by the Illumina sequencing technology, the chloroplast genome was annotated using
GeSeq, BLAST and hmmer, the genome structure, gene number, repeats, codon usage bias, phylogenetic development
were analyzed using the bioinformatics softwares such as MISA, codonW and Fasttree. The chloroplast genome of
P. venustum had a conserved quadripartite structure, with a pair of inverted repeats (IRs) separated a large single copy
(LSC) region and a small single copy (SSC) region from the small single-copy region (SSC), with a total length of 158 298 bp.
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The guanine and cytosine (GC) content of chloroplast protein coding genes was 35.4%, and 129 genes were annotated,
including 79 protein coding genes, 38 tRNA genes, 8 rRNA genes, and 4 pseudogenes. 78 simple sequence repeat (SSR)
loci were detected, most of which were mononucleotide repeats and dinucleotide repeats, accounting for 84.62% and
10.26% respectively. There were no pentanucleotide repeats, and most of the repeats were composed of A or T base. 32
high-frequency codons were identified, and 90.6% of them ended in A or U, preferred codons ending in A or U. The
codon encoding leucine (Leu) had the highest frequency of use, while the codon encoding cysteine (Cys) had the lowest
frequency of use. Phylogenetic tree was constructed by comparing the chloroplast genomes of 18 orchidaceae plants. It
was found that the two species of Cypripedilum calceolus and C. tibeticum were separated from 16 species of Paphio-
pedilum and clustered into a single branch, and the genus of Paphiopedilum was divided into two groups, among which
P. venustum and P. purpuratum were closely related. SSR and nucleotide polymorphisms can be used as molecular
markers for germplasm identification and genetic diversity analysis of Paphiopedilum, which could provide a theoretical
basis for germplasm identification and phylogeny of rare and endangered plant Paphiopedilum and its relatives, and lay
a foundation for population restoration, biodiversity protection, innovative utilization and new variety breeding of
Paphiopedilum.

Keywords. Paphiopedilum venustum (Wall. ex Sims) Pfitzer; chloroplast genome; characteristic analysis; phylogenetic
analysis
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75 W 5 2= [Paphiopedilum venustum (Wall. ex
Sims) Pfitzer[s$J& T 2R = WA 28, &5
— AP TR e 2w, EE TR
] VO A R T S, DAl R . AR SR L B
FEZRALER . JETARAEE RHLIX, BPAMER] 1—3
A s 22 Al bk BT AE, BRES 7.0~9.0 cm,
M A% 2~3 B, K 7.5~12.0 cm, & 2.5~3.5cm,
PR IEVRIEEE , R A EE, 5 A % 4E
R EBEN, ERK 92~154cm, 4B
5.4~8.6 cm, H\1% 2.9~3.4 cm, fEH@FEHIN, 1€
WK, R B BB M. (BT ARG D)
PIKH B A KR KRR AR A, iy
JECA R EHITRCEN ), 5251 [ Bt 23 1 7o A
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BSE RS, 5 PR A 46 A 5 PR 4 A
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12.1 DNA #R., XL E#MmEZMNF Bt
100 mg, %k B CTAB B EUE DNA, BE 5
KN4 DNA Fia il G, TS B 5%
() DNA hBefl, SR X i Befb i) DNA #6471 h Be
gifb, RKimig& . 3uhn A, #EENFHEL, B
FIEREMEEE L LUK T v Be K/t 8, #E17 PCR
P HEIE O Y SCE, IR AT SO RS, Bk G A
(3% BGISEQ-500 -5 #E ATy ()7 MIAA7E
YRR ),

122 gkt AmemE L s XFFEE
B R aR K (raw data ) #EAT 5L I8, BRI A
S 790 S AR i reads ARAR S MY clean
data. 4[] Bowtie2 v.2.3.4.3 2T He X 30T 25 ) il
IS R 3 PRI 2 550 0 1, ¥ U X B reads U e %
(14 34> CDS JPFIE R 5 E R ity 1) - £ R 5 DR 4
IHEA%E 5], R NOVOPlasty v4.2.1 #4821
B ARIE R 4] . B FH GeSeq Fil blast A4 %) 2§
REENA CDS FAliE TR, FFFIH GeSeq Fil
hmmer #4 XTI SRARSE 4] rRNA 79 173 R
i F tRNAscan-SE Fl ARAGORN #i {4 %of IH- 4 4 5t
K4 (RNA JPAE TR, IR T T shis B Ff
NG B ZE RS R, B 5k OrganellarGen-
omeDRAW {4 il f: - Ak I PR 41 el 3 030 g
AT RELF I 75 0 90 22 SR AP 51 FfE S Gen-
Bank $#i E, RAFE SRS MZ150831,

123 kA B A SSR 54 FlJH MISA
v1.01 ( MIcroSAtellite identification tool ) #K{4:*}
7510 S22 E 4T cpSSR MM SRk A%
H R ( mononucleotide ). —# 2 ( dinucleotide ).
—HH MR (trinucleotide ), PUZAF R ( tetranuc
leotide ). FLAZH 2 ( pentanucleotide ) FI/SA% F R
( hexanucleotide ) (4 FE & £X [ {H 4371~ 10, 6. 5.
5.5H5,

124 FEATAEAS>H HHEFHIIE cpDNA %
T~ (1A ol PSS 250 RN X 285 5 - B O 414 ( relative
synonymous codon usage, RSCU ), RSCU {H | A 1
MR, #F RSCU>1, %A% MR 45
RSCU<1, Z#H%fdf FIMZAR

125 A%RAHXAZ44 M NCBI HiliEHT
16 YL A 2 DA @ AEY) , A mafft 7.0
BAFHEAT cpDNA JEFI LN, f#iH] fasttree2.1.10
B RS kAW, PP GTR+Gamma AL,
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region, SSC) Ml 2 M MEHRE X (IR), SKEN
158 298 bp, H:A1 LSC. SSC Al 2 4~ IR K434l
3 87 775. 949, 34 787 bp, LSC. SSC Hl IR [X.
B GC &R 91H 32.6% . 25.1%F1 39.1%., 75
T 0 22 SR AR PR 2 2R 5 129 N EEH, 0dE 79 4>
ISR, 38 > tRNA KK . 8 > rRNA £:[H
4 AMEFEEH (2 4 ndhD L 1 > ndhJ . 1 > ndhK ),
Hor 22 Ao EEF AT IR R X, f$E 10
NEAIRSIERF, 8 4> tRNA 14 1 rRNA, 14
FE A rpl22 {iiF LSC-IRB i##:4b . TR B & Xiif
T 1 AMBFEH ndhD LUK rps12 FER A4S 2 FER
3SR S, nps12 BYEE 1 AN AT LSC X
OO 1), 500 22 i R 5L R 2H 1 B S PR S
W% 1,
22 FMAE=ZMFEEFERAFHEFIEES

75 TN S 2% SR AR R 41 ff 7 51 . (SSR)
FREILER 2, I EEE 78 A~ SSR sl , KK
RAETRER, R FEMERBTRES, A
66 1, ik SSRs Y 84.62%, HIKE “HITME
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H 63 MNELEREE B AR R A B T ML, B,
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75 TN S0 22 S R I DR 2 v 4% S JE R A AR X [
SC% S - {d A R ( relative synonymous code
usage, RSCU ) Zr#r&s R LK 2 fn 3. MHmAT LA
FH, BT (RSCU>1) 45 324, Hir,
16 LA USERE, 1340 AZ5R, LIGEREMA
24, VL CHRMEETA 1A, WAL
2RI S T Im P DL U A S5, 55
R 3 R LR P i 2 [ GC & i — 3K
24 RS

BT SR AP 18 A2 RHEY (&
Yo 2@ YR 16 A IEGIEA Z IR PR 2 4 ) 4T
RGERE T, IERGELEWN (K 3). WA
R LUE Y, 18 MRt 3 Rk, Hirp, %4k
P22 FPE AN 22 5 H A Fh s AL BE B e, B
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[l Cytochrome b/f complex it
[ ATP synthase — : Paphiopedilum venustum
NADH dehydrogenase 158 298 bp
M RubisCO large subunit = z
Photosystem assembly/stabity factors o
B RNA polymerase
Ribosomal proteins (SSU)
[ Ribosomal proteins (LSU)
l Transfer RNAs
l Ribosomal RNAs
B CIpP, matk
B Other genes
Hypothetical chloroplast reading frames (yof)
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[ Origin of replication
[l Palycistronic transcripts
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Fig. 1 Gene map of chloroplast genome of P. venustum
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Tab. 1 Genes present in chloroplast genome of P. venustum

Yj#E Function K4 FR Family name A Gene
HHRGEHH HREG 1A psaA, psaB, psaC’, psal, psal
HFRG N FHH psbA, psbB, psbC, psbD. psbE, psbF., psbH. psbl, psbJ. psbK, psbL, psbM,
psbT, psbz, psbN
MR b/f E AR petA, petB, petD, petG, petL, petN
ATP i H atpA, atpB, atpE. atpF, atpH, atpl
NADH 434 5 i £ K] ndhB", ndhD", ndhJ, ndhK
TR LB LR SN rbel
BERGIEE  RNA RA YL H rpoA, rpoB, rpoCl, rpoC2
KR TR P /N L3k R rps2, rps3, rps4, rps7’, rps8, rpsll, rpsl2’, rpsl4, rpsi5 . rpsi6, rpsis,
rpsl9’
TR AR R R L 3k rEIZ*\ rpl14, rpl16. rpl20, rpl22, rpl23", rpi32, rpl33, rpl36
55 RNA trnA_UGC", trnC_GCA, trnD_GUC, trnE_UUC, trnF_GAA. trnfM_CAU ,

trnG_GCC, trnG_UCC, trnH_GUG", trnl_CAU", trnl_GAU", trnK-UUU ,
trnL_CAA" | trnL_UAA, trnL_UAG. trnM_CAU, trnN_GUU" , trnP_UGG ,
trnQ_UUG, trnR_ACG ., trnR_UCU, trnS GCU, trnS GGA, trnS UGA ,
trnT_GGU, trnT_UGU, ttrnV_GAC", trnV_UAC, trnW_CCA, trnY_GUA

bR RNA rrnd.5°, rrn5 . rrnl6’, rrn23°
HoAb I BRI W T infA

A AR (X matK

C BRI 3K 4 L CesA’

CEHEGE A RN 5L accD

H AN clpP

TBRE - A 2] {2 A ycfl', ycf2' | ycf3, ycfd

T *AR IRS XA 2 MEFEE, HIARRA 3 AL,

Note: * means duplicated gene in IRs, bold means three gene copies.
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*2 FWMHR=cpDNA BEFFIEE (SSR) 5R 6
Tab. 2 cpDNA simple sequence repeat ( SSR)
information of P. venustum
KB EEFH Ko Hefsil it Total 40
Type  Repeat motif Number Percentage/%  percentage/% 5
ARG A 27 40.91 84.62 2
¢ 1 1.52 ,l8
G 2 3.03
T 36 54.55
— R AT 2 25.00 10.26
TA 6 75.00 0 "Ala Arg AsnAspCys Gln Glu Gly His lle Leu Lys MetPhe Pro Ser Ter Thr Trp Tyr Val
ST TIA 10000 128 e
PR ATAA 1 100.00 1.28 e - | g &=
R
AKtf# CCTCTT 1 50.00 2:56 B2 FWREZMHEGEEAZHT RSCU HHIER
e GGAAGA ! 50.00 Fig. 2 Relative synonymous codon usage (RSCU) distri-
it 78 100 bution of genes in chloroplast genome of P. venustum

#3 FMREZMFEEZEIEREXE L EBFRIFE
Tab. 3 RSCU of amino acids in P. venustum

RAHHE Amino acid 7 Codon  %{iE Number RSCU | & IEMR Amino acid 15T Codon  %{iE Number RSCU
WL Ala GCA® 401 128 R4z Cys UGC 93 0.61
GCC 170 0.54 uGU” 213 1.39

GCG 128 041 A%k Gln CAA’ 711 1.55

GcuU” 558 1.78 CAG 209 0.45

AR Arg AGA’ 520 1.96 [ RAMEME Asn AAC 301 0.46
AGG 161 0.61 AAU" 1008 1.54

CGA” 362 1.37  [RELZAM Asp GAC 189 0.35

CGC 92 0.35 GAU" 877 1.65

CGG 106 0.40 |AZ Glu GAA" 1071 1.47

CcGU” 347 1.31 GAG 389 0.53

HZ® Gly GGA' 642 1.59 |44 His CAC 134 0.41
GGC 157 0.39 CAU" 518 1.59

GGG 297 0.74  |#i%8 Lys AAA’ 1141 1.46

GGU” 515 1.28 AAG 426 0.54

fi% Z B2 Tyr UAC 188 0.42  |FHEZ 2 Met ACG 2 0.01
UAU" 717 1.58 AUG" 591 2.98

SCA R Leu CUA 355 0.84 GUG 2 0.01
cucC 176 042 PETH %2 Phe uucC 511 0.71

CUG 177 0.42 uuu” 923 1.29

cuu’ 500 1.18 |22 %4{J% Ser AGC 117 0.35

UUA" 798 1.89 AGU" 381 1.15

UUG’ 527 1.25 UCA” 422 1.27

Jifi &R Pro CCA” 285 1.14 ucc’ 346 1.04
ccce 220 0.88 UCG 154 0.46

CCG 109 0.44 ucu” 576 1.73

ccu” 385 1.54  |S2m 8 MR e AUA 675 0.96

J12 % Thr ACA’ 389 1.25 AUC 411 0.58
ACC 230 0.74 AUU" 1029 1.46

ACG 142 0.46 |(L%R Trp UGG 437 1.00

ACU’ 487 1.56 |44 2 Val GUA® 485 1.48

2 E %S Ter UAA" 38 1.44 GUC 164 0.50
UAG 22 0.84 GUG 200 0.61

UGA 19 0.72 GUU" 466 1.42

. TER FRAILHET, jﬂm%{ﬁﬁ%¥~

Note: TER means termination condon, ~means optimal codon.
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PR —2, BUSERE IR 5 75 i o8 22 Ml g 22
RO 1N AR N —2, RTR2TE,
IERATLIENSE SRS S-S § i

NC_050870, Paphiopedilum barbigerum /\NH-JiL 2%
MH150886, Paphiopedilum tranl g 22
MW284890, Paphiopedilum gratrixianum ¥&THE %
NC_052702, Paphiopedilum spicerianum [=J#E% 2%
NC_045279, Paphiopedilum purpuratum 385050
MZ150831, Paphiopedilum venustum F555 58 2
NC_050871, Paphiopedilum hirsutissimum #5122
NC_036958, Paphiopedilum dianthum 350 %
MWS528213, Paphiopedilum parishii it 40 2

MH 191340, Paphiopedilum concolor [F) €550~
NC_026776, Paphiopedilum niveum 5 49>
NC_053544, Paphiopedilum emersonii HAEIE 2%

NC_045278, Paphiopedilum micranthum g ¥{ 2%
MNO016934, Paphiopedilum malipoense JRIEHE JH 2%
NC_041309, Paphiopedilum delenatii f8K5>%
NC_026779, Paphiopedilum armeniacum 75 90
NC_045400, Cypripedium calceolus %1644
MN561380, Cypripedium tibeticum TG

0.02

B3 ETFHEEEERA 18 F=RHEMmaEN Rtk
Fig. 3 Phylogenetic tree based on 18 complete chloroplast
genome sequences
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4122 222 R] ( Orchidaceae ) ¥i1>%J& ( Paphiope-
dilum Pfitzer ) M SRR, PEA SR 1) R
NHERRN “HiEEET = B L, HAA e i
B E AR A E 20 ARRFTT R AN
A g 0 B AR X 5 T U 2 e A S5 PR 4 A
JP . AR, A5 T YR L e i g IE
PRIZH . BP9 2 B F5 T 0 2 R JE P 4 i AL )
WFFE Y 90 22 8 SLAAE P AL, LA BRL (Y Y A
WIREEH, GC Faim/MF AT &, Hif IR X
B GC &EfiE, X5 RNA [ GC & HEH,
4 o7 15 33 2 X I s U A e

fii P FEE (SSR) ZAE T HZ LY
MR EE A, BAFEENEZEE, SENE
SRS RAF B TSR AL v, H Bl A
FR IR AT AL G5 A BT L R A e R AR 5 AR
S RN N SN T e e e S
YEH 78 S SSR AL, HEHIRA 66 1, S
SSRs 1Y 94.62%, FEHHIZTTIRE R 0l REfefit T
WENRGEREEE, 63 It & FHAb b
FEGM R AT WL, A/T ERZEAGEE
A, 3SR A LR 5 22 S A Y

R, 5HAYIX L SSR T8 R T R A
ik SSR bric FIFE 8L EIE I I e AR I

TEAE Y AL R v, 05 110 £ 35 ik ¢ B
HARAFE, FSRGERE . PFh o AR MR AR IR AR 5
M) 285 05 - (i 2 ) 2 RPN, R Al e P A
Xif [] STl AR (RSCU ) Fon, &M T
Telmbrt, W RSCU R 1, A& F
il [R) SRS TR UL BLE A 2, RSCUH KT 1,
R ZARERIEY A 5 55 T 0 2% A S [N 41
RSCU>1 MM 734 32 4, Hb L A fil U 45
B 29 4, #id 90.6%, 1 RSCU<I A% 5T
MZ L C 5% G45F, FFI0 % SRRIE R 41
P TR L A 5% U 25 BRI R B+, 5 T8
RO 22 R BT 4 SR — 2, X AT g S Rk
RN GC FHAX, H—PRHENT
TIFPE AT BEAZ LR 20 GC & R AR 75
N G2 2 i S (AR 5 PR 20 ) 2% 0 A 2 1 T e g
RIHEATOEAL, i — 20 3 v B R e AL R R IR 0%
X — 5T 45 S AT A 75 N Y 22 a4 B R S ek R
R TR B MR SE IR = AL L Fo Feah P LR 2K 4 o

18 P2 B SRR SN RGE K F 5
Br& IR, 9022 R AN 22 2 BB A T R
2R AR, —REE s, g
2 OBRIEBE YR L | fER S AL 2k
LR /N2 | RFEYR 2 AR SRS YR
Qs FWYRE . WIYRE L KIRYEE L B
WHLE . FEEEMERYR, HrhEmisy
B GRRTY) . X4 5 HAh 2= E R
A2 AT BSR40 2848 AR I
5 SUN 2SR [ 52 U005 gk i S 3 DR 41 )7 31
HA P RGE R T IR, TR AR
2y HITE W Fh 43 28 T AL 5% v ELAA O 1 o0
RAAFEPERY ) SR TR M SRS R RSk
B A TR P B S T PR, R
BN A A AL IR, A BETE HER L R R B
KR

4 ZEig

75 10 0 2% I Ak 35 R 4 kg AR (1) DO 43 25 44
ML KN 158 298 bp, B GC & 4 35.4%,
129 ANFER, JREEH 78 > SSR A%, Al
2 ) A/T B, WS Im s LD U R A
iR, REKE I BT L 588090240
GHIRFPOC R o DFSE S5 ] R S = B A Y AP 2
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