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phylogeny of medicinal plants in Paeonia. Methods High-throughput next-generation sequencing technology was applied to
sequence and assemble chloroplast genome of Paeonia lactiflora. Comparative genomics methods were used to analyze the structural
characteristics and degree of variation among the chloroplast genomes of four medicinal plants in Paeonia, including P. lactiflora, P.
veitchii, P. suffruticosa, and P. ostii. The phylogenetic relationship between Paeonia and Ranunculaceae was analyzed, with Saxifraga
sinomontana and other related plants as outgroups. Results The chloroplast genomes of four medicinal plants in Paeonia were all
typical tetrad structures, including one large single copy region (LSC), one small single copy region (SSC), and two reverse repeat
regions (IRa and IRb). The length of chloroplast genome of P. lactiflora was 152 731 bp, with GC content of 38.43%. A total of 126
genes were annotated, including 82 protein coding genes, 36 tRNA genes, and eight ribosomal rRNA genes. Repetitive sequence
analysis revealed that the chloroplast genome of P. lactiflora had the highest number of repetitive sequences at 48, while P. ostii lowest
at 39. Only P. lactiflora contains four types of repeat sequences simultaneously. P. lactiflora contained the largest number of SSR
sequences with 52. Single nucleotide repeats accounted for 81%—=86% of the SSR in the four medicinal plants chloroplast genome,
with the vast majority being A/T repeats. Codon preference analysis showed that among the four medicinal plants of Paeonia, the
highest frequency of amino acid was leucine, while lowest was cysteine. Thirty-one codons possessed preference, and codon preference
was significantly correlated with the third base of the codon. The gene types near the boundaries of LSC/IRb, IRb/SSC, SSC/IRa and
IRa/LSC were the same and relatively conserved, but there were still little differences between sect Moutan and Paeonia. The selection
pressure analysis showed that the K./Ks values of the majority of genes were less than one. Only matK, ndhB, and rpoA were positively
selected. Chloroplast genome comparative analysis revealed that the non-coding regions exhibited greater variability than the gene-
coding regions. A total of six intergenic regions and two gene coding regions with high variability were screened out. The phylogenetic
analysis showed that the relationship between P. lactiflora and P. maire was closest. All species in Paeonia were clustered into one
branch, while outgroups can separate Paeonia from Ranunculaceae. The relationship between Paeonia and Ranunculaceae was
relatively distant. Conclusion The chloroplast genome structural characteristics of the four medicinal plants in Paeonia are relatively
conservative, with certain differences on chloroplast genome variation degree. The eight highly variable regions identified can be
served as the candidate fragments for barcode development, species identification and quality control of medicinal plants. Phylogenetic
analysis shows that species in Paeonia are more closely related to the outgroup plants, but far related to species in Ranunculaceae. This
lays the foundation for phylogeny of Paeonia and research on species identification, quality control, protection and development of
medicinal plants resources in Paeonia.
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Table 2 Species and chloroplast genome sequences information
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Fig. 1 Gene map of P. lactiflora chloroplast genome
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Table 3 Basic characteristics among four medicinal plants
chloroplast genomes of Paconia

FERHEE LT o B <% S /11 1L Wy
FERHE K ADbp 152731 152682 152608 152 768
HGCE/% 3843 3842 3836 38.34
LSCK /bp 84403 84399 84270 84396
SSCH: & /bp 16970 16980 17049 17079
IR f/bp 25680 25653 25646 25648
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ndhB 13 2 M5 01 36 A t(RNA ZEF H #rn4-UGG.
trnG-GCC. trnl-CAU. trnl-GAU. trnL-CAA. trnN-
GUU. trnR-ACG. trnV-GAC £ 2 % I1; 8 A~ rRNA
F K rrnl6S 23S rm4.58 A rrn5S Y4 2 4
POl (R 4) o fEERARMDEER IR 16 5
AWET (ntron) HIEER, FHHr clpP M yef3 54
2 ANWET, HA 14 MR apF. ndhA ndhB.
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Table 4 Annotation information of chloroplast genome in P. lactiflora
HEREA HR A HERH 4R e
KE1EH subunits of photosystem I psaA. psaB. psaC. psal. psaJ 44
subunits of photosystem 11 psbA. psbB. psbC. psbD- psbE. psbF. psbH. psbl. psbJ. psbK. psbM. psbN. psbT. psbZ
subunits of NADH dehydrogenase ndhAs ndhB*(2)~ ndhC+ ndhD+ ndhE. ndhF. ndhG. ndhH. ndhl. ndhJ. ndhK
subunits of cytochrome b/f complex ~ petd. petB’\ petD"\ petG. petL. petN
subunits of ATP synthase atpA- atpB. atpE. atpF's atpH. atpl
large subunit of rubisco rbeL
EREHZEE  proteins of large ribosomal subunit pll4s rpll6"s mI2*(2)s mpl20+ 1pI23(2)- rpl33. mpl36 70
proteins of small ribosomal subunit 1psll rpsi2™(2)s rpsi4s 1psiS. rpsl16's 1ps19s rps2s 1ps3s rpsds 1ps7(2)~ 1ps8
subunits of RNA polymerase 1poA. rpoB. 1poCI"\ rpoC2
ribosomal RNAs rml68(2)s rm238(2) rrnd.58(2) rm5S(2)
transfer RNAs trnd-UGC'(2) tmC-GCA~ trnD-GUC. tmE-UUC. trnF-GAA. tmG-GCC(2) trnH-
GUG. trml-CAUQ2)~ trnl-GAU'(2) tmK-UUU" trnL-CAA(2)~ trnL-UAA"\ trnL-
UAG. trnM-CAU. traN-GUU(2)\ trnP-UGG- trnQ-UUG~ trnR-ACG(2)+ trnS-GCU. trnS-
GGA~ trnS-UGA. trnT-GGU trnT-UGU. trnV-GAC(2)~ trnV-UAC" traW-CCA- trnY-
GUA. trafM-CAU
HAh IR maturase matk 5
protease clpP”
envelope membrane protein cemA
acetyl-CoA carboxylase aceD
c-type cytochrome synthesis gene cesA
FKAMIEEIEN  conserved hypothetical chloroplast ORF  ycfl. yef15(2)s yef2Q2)s yef3™s yef4 7
Bt 126

FHIMNET: CEAE2AMNET (2): IR,

. . - .
means one intron; ~ means two introns; (2) means double-copy genes.

*x5 MAMZREERBAEEIEFNRNSFER
Table 5 Information on exons and introns of genes in chloroplast genome of P. lactiflroa
£ (A HMETF1/bp M F1/bp AR T 1/bp P T 1/bp AR F1/bp
atpF LSC 160 691 410
clpP LSC 71 678 291 658 226
ndhA SSC 544 1015 539
ndhB IR 775 682 758
petB LSC 767 648
petD LSC 696 474
pll6 LSC 1002 402
rpl2 IR 397 665 434
rpoCl LSC 430 700 1622
rpsl6 LSC 46 812 233
trn4-UGC IR 40 715 35
trnl-GAU IR 42 933 35
trnK-UUU LSC 37 2462 25
trnL-UAA LSC 37 524 50
trnV-UAC LSC 39 573 37
yef3 LSC 124 735 230 749 153
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86%, HZHMRER P4 RKZH N AT R, 4t
FEo AjZ R L PR R C/G EEFIES C
HE, WEH GER, H)IFAHNS GEE; A
Zijg 4 P D i ERES PN EH
AT/TA EH, A& CG/GC B ; NAj2h M4k I
HAh&H = ERES, A AAT. 4 MATZ)E
S A i DR 20 Hp Py /D DU R R . A% BR AT S
%E R R EE .
3.5 ERFREFMESHT

TR SRR, AT NIARAT
FFRU LA PF (R 2R 35 TR ZH S0 b 64 Foh 3501,
B F-RAE F AR 43930k 22 170, 22 383, 22 599
M122327 Ik, Horr 61 B id 12t 20 Fhad LR,
H4x 3 Mg oMK LB T R RIS IR
S E (Lew) HIPUMZ 5 = 10.48%~10.49%,
RERR (le) X2, N 8.64%~8.70%, VIR
(Cys) fli AR HRACN 1.11%~1.12% (K 6) -

B4 2 i H B U BR 1Y) AUG AN b L & R 1) UGG
Ab, A5ZiJE 4 PR RN HAD 62 FhERD T A
A Ve H At A — S (B 2) o« Hb UUA &5
31 NERSF ) RSCU KT 1, LA At 208 - LA
ASRMA 134 LUSERNA 16 1~ LG AIC
HGREWRA 1A, BRZHUL AU LR, W%
TIRAF A 8L U 452 . 1 AUA 25 31 NG 10 %

®6 4 MUBHEEYMFREERATRERHIEOIB R SEE

Table 6 Number and proportion of amino acid occurrence in four medicinal plants chloroplast genomes of Paeonia

AjY4 JIFEAT i s Bl Pt
R RE /% EER O R O HH/%  FHER €A /%  EHEERR B /%
Leu 2325 1049 Leu 2355 10.52 Leu 2370 10.49 Leu 2339 10.48
Ile 1915 8.64 Ile 1937  8.65 le 1967 8.70 Ile 1937  8.68
Ser 1648 743 Ser 1670  7.46 Ser 1700 7.52 Ser 1657 742
Gly 1581 7.13 Gly 1592 7.11 Gly 1 609 7.12 Gly 1587 711
Arg 1305  5.89 Arg 1326 592 Arg 1335 5.90 Arg 1333 597
Ala 1284 579 Ala 1283 5.73 Ala 1293 572 Ala 1289  5.77
Phe 1254  5.66 Phe 1268  5.67 Phe 1273 5.63 Phe 1260  5.64
Val 1230 5.55 Val 1236 5.52 Val 1249 5.53 Val 1237 5.54
Glu 1153 5.0 Lys 1168 522 Glu 1169 5.17 Lys 1164 521
Lys 1147 5.17 Thr 1160  5.18 Lys 1163 5.15 Glu 1159 5.19
Thr 1147 517 Gl 1159 518 Thr 1162 5.14 Thr 1146  5.13
Asn 1 041 4.70 Asn 1051 4.70 Asn 1063 4.70 Asn 1047  4.69
Pro 952 429 Pro 962 430 Pro 979 433 Pro 961 430
Asp 894  4.03 Asp 898 4.1 Asp 909 4.02 Asp 901  4.04
Tyr 812 3.66 Tyr 816  3.65 Tyr 836 3.70 Tyr 820  3.67
Gln 788 3.55 Gln 797 3.56 Gln 801 3.54 Gln 793 355
His 529 239 His 531 237 Met 533 2.36 His 528 237
Met 522 236 Met 529 236 His 532 2.35 Met 524 235
Trp 394 178 Trp 396 1.77 Trp 403 1.78 Trp 395 177
Cys 249 112 Cys 249 111 Cys 253 112 Cys 250 112
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* Ala Cys Asp Glu Phe Gly His ILe

GCU GGU

Lys Leu Met Asn Pro Gln Arg

Ser Thr Val Trp Tyr

uuc Cccu ucu

UUA GG uca

cuy ccu CGC ucc

A4S MREATL] . FRAT HF A LT
From left to right: P. lactiflora, P. veitchii; P. suffruticosa, P. ostii, respectively.

2 AHRE 4 MAREYH REERBEMN R ERTEMRE

Fig.2 Relative synonymous codon usage in four medicinal plants chloroplast genome of Paeonia
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4 ANAFIE R SE R SR ARARE, AR SR, (AT
AR — R YR 4 FhZ MY JLB i 57
YINLT rps19 FERIES, Hrp ATZ R0 1 757 rps19 &
RI#41A) IRb X475K 8 bp, HHFHAIZ LA, rpsl9 JE
Al IRb X475k 2bp; E JSB AL, JIARATAIMZIL
P yefl ZER R SSC X 73 5l4 5K 7 3 bp #1 1 bp,
MAT R PR Z yefl FER; AR P
ndhF 585 [7] IRb X475k T 2 bp, MATZH)IZRAT
ndhF 3K 2K TF SSC X ISA AN T yefl
FERI NS, (BATZG)E 4 Fhgh FAEYD yofl B2 R

JLB JSB

Paeonia lartiflora
152731 bp

Paeonia veztchn

152 682 bp ISC 84,398 bp|IRb ;

it 8t

Paceonia suffruticosa
152 608 bp

Paeonia ostii

152 768 bp = ""’iﬂrf“’

HAE SSC X F1 IRa X K EERE A ANFE; JLA L5
P trnH FERWNES, A525. IRATRR A
trnH K3 W] IRa 75K 7 3 bp, M4EFHH] IRa §75K

T4bp (H3) .
37 EEEASH
1635 s 77 72 48 A8 i Ath R 2506 AR A A B

FREEREINE —F RS, SEEA AR FRRERAMELE
GRS FreE R e RS AL i
WL —o RIFFRATL])E 4 Fhe Y oA JE
PRI 2H P 2 1 gm g R BEAT T IR 10 i ik 4
TR, ARZHEEFPIAHLLE) Ky KAB/NT 1,
IR ST IR 57 B AR B, HEME A I7E SRR L
RIZHAT (i DR i B b BT AR SR, Rtk

EHRT . HFE vs AT Bl PE vs A2 matk
A ndhB W) KJ/K KT 1, Bl Ft vs A525. 415
vs ¥ 1L PE rpod ) KoK ik 4.27 1 2.22, F£H

JSA JLA

3 AHRE 4 MEAEYMHRAEERELE LSC. IRs 1 SSC iR Xigitb ik

Fig. 3

Comparison of LSC, IRs and SSC border regions of chloroplast genome in four medicinal plants of Paeonia
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Fig.4 K./Ks value of some common protein-coding genes of four medicinal plants in Paeonia
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Pt CEI5) o B 5 AT, 5ZFERAMLE,
3 Zk Mg AT IR P 41 b A g A 1X AR S v T R E
X 38; LSC X, SSC XAFIE AT IR X.
RE, N ARAT 5 AT 25 Z T8 BAZ FAER BN, 41 FF
B P 545 245 2 18] (148 5 0 SE O W2, At A S
B FHEAEAR 2 AL AR 57t 3X S5 A5 25 R0 1 A
SR TATZH, HFH AR (AP SR JE T4 P AL 43
FHb AT — 2.

& 6 AT, FEATZ)JE 4 Fh 2 Rk 4
FERHRIZIR Z B as R, w2 SEXE
TR HAE LSC A SSC IXTAIA, 1M1 IR XARXTGRSF
LAMNEAC, X 5EME RIS R 2 K
H trnH-psbA~ rpoCl (exon2) -rpoCI (exonl) .
accD-psal. petA-psbJ. rpl33-rpl20+ rps3-rps19 3 6
NXIB) S ndhF A yefl F4 2 AN FER i X 1 2 351k

B, AENIX 4 P Y SR TS T A ()5
B T4 5E B e BE R
3.9 MHRMERRMEYNFEGXRDN

AR EERE (2 B SR (1 M0 A &k
1A RN ERE, FE TR AA L R 2 LA B R
IR R G A TR W], Fra AT RME I R N —
N3, TR St P JERATAHANAS
24, HALPHE XA A A 5 A2 B AR A
WA (B 7D, fFatEEYESRLRZM APG 7
KRR HPRBHATHRF B ERHEY 5 BRI K,
EEPHETHSAEERY CDS JFHIH R Gt o
e Rl s h B E SRR, (HFETHRNE
AP 4 FREY) B BERE 2} 52 A. rockii Munz. BRI
FeHE U. rockii O. E. Ulbr.. ZR A6 SR 5L 1 manshuricum
Kom 22 JEFA B T, foeniculaceum Bunge JE% 1
N33, HRZHGR R T & EL I Y % 5 4t
1 332, AU C. oxycarpa Sprague A& 434
16 T. farreri Stapf /i T FEFA BNV AR G354 WA T
TER IS0 4, Rshst)E T BR WA EH
FALHL C. alatavicum Freyn FI7K B R. bungei Steud.
5HASEERHEIIE R 1 A5 3o

AJETRPRIAN R B R RHE SR, 78
APG PRAG —FHFE TR HE H . R B 5 H AT
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Fig. 5 Global alignment analysis of chloroplast genome of four medicinal plants in Paeonia
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Fig. 6 Nucleic acid polymorphism analysis of chloroplast genome of four medicinal plants in Paeonia
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Fig.7 Construction of ML phylogenetic tree among Paeonia and Ranunculaceae based on common CDS

Z4JE 4 FhZGHEYI SRS N AT T S
Bro AT M-SR FE DR 4L ANAY 24 8 I At b — o XL
FEIRIRDY 23 G540, P HIK N 152 731 bp, H
SSC. LSC. IRa F1 IRb 3t 4 #4340, GC &N
38.43%, HERFIER 126 4, Hr 82 MEAM
iR 36 1~ t(RNA R AT 8 ML BEIR rRNA 2
BBl o AT4) N ARAT < 4L PERIAG 1L PH I i 2 A
PR 4H 4x K 152 608~152 768 bp, Hith LSC K&
84 270~84 403 bp, SSC KJF 16 970~17 079 bp,
1M 2 AMHEER A EE 751 IRa A IRb KB 25 646~
25680 bp. HHIL AT WA 24 J8 1 P ) Pt S A ik R 4H 7
R /INRIRES PR 2 R 55 7 T s B AR 1 B33, SSC K BEA—
FE AT Y J@ 25 F ) W R 5 TR A K /INAFAE 2 7

TP B AE A W) (1 1 4k 358 ] 4 rp mT 4 R i
SRR AR e BN, AJZ M EE A UR 218
48, HANATZ M GARFER A R A W . RIS,
A K H AN 4 FHE R F . SSR i R, 7~
2@ 4 Fh25 PRI SSR KM L N KL H IR B &,
Hh AT EEHERE, HERHT T, XFHIERYE
WAFAE T 25 )& AP R S A L DR 4 Aol i 5
RIEITZEPR SSR 4 TAnic AT FH VP Al k5
() Z AR 7K AR S5 R, M-Sk Sk [R] 2 i 3
SR T B B AR PE DS, XN JiE 4 AT 2 s 2 AR A
SSR 3 FhRic I R AN BE5E T B JL At

TS R, AT )8 4 Fheh IR S
M BRI H IS e, o2 R
R, PIARRE MRS A 31 P& m)
RSCU {5 KT 1, K" UUA.GCU H1 AGA ] RSCU
HHEAET 3, WFFCHRGEIX 3 PR AT 2@ 4%
A I (R b 1) AR B i 30T,

IR 4 Gl Ay ok 2> el 38 BE DR R i, S R A
KIEIKN-, 0] BENm SR 25 A AN RE, AR
MBPICEIER . AKKE . BHE BT IE N7 TH
PR . IR DX Ao A RIWAE P AR LA PR 2
[ AGEGRNARAT Z [BAE IR X3 FURHIE 58 A
L, X515 0S8 TP FIAT 2540 ) 73 St
fr—B,

EFE RS W 45 SRR I~ 2@ 4 Fh e F Pyt
A DR 25 v 1) B g i R R 32 B ) R 4 s 0 A
EZER . AR ZHEER R R, ZRaifbig$E,
HEM EATHE M-SR AR FE RN AT A Dh e R B b B
e EEE BT, MAA matK ndhB 1 rpoA )
KK KT 1, ZIERESE. ZIERIEER 3 M EH
matK < ndhB F1 rpod 57 W AE R B H R & E &
Chrysosplenium L%, & Pueraria montana var.
lobata (Willd.) Sanjappa & Pradeepl®®! fll 2 3% J&
Curcuma LV HRIE o marK FE K 9t 1) i 240 K
Z 5 AR TR RIS Ja N T, nTRSHEBT 4% RNA,
PRAEPT SRARFE R IE 5 RE . YA, IERIER



« 4776 «

FED 2025678 $56% B138  Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 13

W5 mark FEREE, AEYHEO A AR AR
FIR AL, B IR IE N B8 V)« ndhB B2 5
-2 PRI B H 1) NADH Jii S8 52 A R I 2 - 1E
[ IEFRARAE ndhB FEDRURAEA R T 1 m H D RE ) A2
5, itk NADH Jii E 8 B & AR S5 - RS 1, 195
ML AR AR, SRTHHEARRDGRE IR . AL 2L
FIFHRCE . rpoA ZEK 9ahD RNA RABENT o I3,
X AR TN G S A A B i OB E o 1R Tk
BAE rpod FERFA RA 2 A2, ik RNA K EHLS
M5 IhRE, $ETHERBE . IERIERIELE rpod HEH
TERGHERL I IR I R R 0E, DY AT A D AE B E
fihe 4P ATEH AL PHE N AR AT YRR e
HEM matK~ ndhB 1 rpod 1E4EFE Aj25R A4S
) o AN IR AR R 4% T AR

I 2 s 4 i R 2H AR St 93 W 45 SRR AT 25 21
ATETFINNZRAT AP BRI L P - SR
DRI 20 2 8] ) e AU AR A B vy, IX R WISR G R T
YRR R SR AR R ZH B PR S B3] X IR 2 AV AT
ZERRY, w2 SR ] B RAE LSC M1 SSC
DXTA P, T IR DXARXS DR, 22 AR, Hor
trnH-psbA~ rpoCl (exon2) -rpoCl (exonl) \ accD-
psal petA-psbJ. rpl33-rpI20+ rps3-rps19 3t 6 NEE
PRIANX . ndhF F1 yefl $ 2 ANFERgRAY X 1 2 A1
B, ENTRVENATZ 8 4 Fh2 Y S5 ASTT K
(R figeadt Fr BRU42), A5 25 & 245 AR ) 43 145 5 B8
PR Al

EHEARE FHEMMEGERTE . —, KRG
RHETFHAKL R -BEHEZF WP AJ4F
(Paconiaceae) HAIH Tt FAN—)& (RjZ§)& Paeonia
L), A TIEd B db S A i X .
B RG. LIb RGMPE o RGN B
ITHI 7 KRR AT AR E T BRI
1908 4ETEE %23 Worsdell R ILAT 2@ P (FIHEES
HEOLKBESEBRMAR, KHISINATZE, (H
PIAEE R H b, BOEE B Y.
W oy TURR R, A2 )& 2 X T B R R b
T E L REE-1, %2 20 2 70 FEAC, AjZh)E
MSLERE, Hoor R A AE E bR EIR1G— SO, 1
BT RERH T, [E 250 2020 e
A8y NFRATEAT 2 R 2 I AL T B AR E.,
A2 & 2 R 1) oy S AL 5 [ B B AT 24 R A )
) 3 R, A — B0 TP B BAT IR~ S 1 2
A S 78 AT B AR S 24 BT SRl PR S FH #0KE

PEANKIENR o AT T AR B BB L3t B R
ERINE ¥ Gl Rl EOE RN R R R (VAP BN
BT i 2 U L DR AL 3R BE D P B 3R AT R G kAL 2>
B, SR RWIATE RS I AT 2 R OR RO, P
AATRHEYIPI N — 003, BATERDE ittt
. JEEATHHMATEH 3 M, AP SOE R
PR B AE AL Y AN BAE AT 2H 2 NP S, X H
TS ANAT A RAEY) 70288, R apihkt
DAL R LA AATE SR AR 73 SR 70 T HcHiE o A1
AL R ABRAHEY) 7 RIT R, RATZ R
HERN SRR &R R SR AL, 5%
ARG R R TEE), @i (hEZMm) T4
BT HIF AR 2, PR ZGR4EFE AT2
JZRATRIR LA PH R 73 S A 5 e

ASHIT SO I AT 25 0 SR A R LRI e 22 K
R, Frahi e FIE 3 N2 I - ax RS 4L L
B, Mk T HERBEERRGRER R M
PRIEDN A HLAL I T 8RR WY, AT 25)& 4 Fh 2 )
FE S A e IR AL S5 MR AL 7 THNBON AR, B HAR 57
REEAFEZE S, NS RMATARGR AR, A
BRI 3L, HPERRHEAT 2R A R RHH
YiorbaItk, AR S BREBRRG R AR
T HEE R 6 SRR ) X AN 2 A J PR 2 i X ] A
NIX 4 R RIS IS IT AR RO ide Fr BL. B 7T4s
FNATE RN D THE . RERE LTI
RYEER TR T —ESH .

FlBAR FAEHERARAELEAZFR

S Ak

[1] ZFE. P EAPHEEETASFA M) A
Hp R B HE R, 2023: 35.

[21 skBi%E, BETR, LK, % d PRy 23
YER R H Bt EY) (Q-Marker) HITRM A [J].
24,2022, 53(16): 5215-5224.

[8] 7™25E, R0, FMELE, % KPHE PP IS RAT 2
R & BNARAREES ST (7). FZ#, 2019,
42(3): 541-544.

[4] DEHMNERPBEHE PN A+ M) bR
I RAL, 1979: 47.

[5] ®M#--WE5L g, MESMITEER. ARLEE:
WA M]. dba: ARTAHARE, 1994: 267,

[6] #iT, TahiE, skivE, & A S5 LILEERY
HILLAM IR AR S M R AT RS T8 [J]. R4, 2016,
47(19): 3508-3512

[71 Z=fe, E255, W3 AATE A EARNT 3] F



FED 2025678 $56% B138  Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 13

<4777

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

B 54, 2024, 39(6): 1214-1219.

Hh[H 28 [S]. 2005 4F M AR. 2009.

AR PEATZ R TR (7], dbRARloR A
23], 2002, 24(3): 99-102.

Wu L W, Nie L P, Wang Q, et al. Comparative and
phylogenetic analyses of the chloroplast genomes of
species of Paconiaceae [J]. Sci Rep, 2021, 11(1): 14643.
Zhou S L, Xu C, Liu J, et al. Out of the pan-Himalaya:
Evolutionary history of the Paconiaceae revealed by
phylogenomics [J]. J Syst Evol, 2021, 59(6): 1170-1182.
Lv S Z, Cheng S, Wang Z Y, et al. Draft genome of the
famous ornamental plant Paeonia suffruticosa [J]. Ecol
Evol, 2020, 10(11): 4518-4530.

Yuan J H, Jiang S J, Jian J B, et al. Genomic basis of the
giga-chromosomes and giga-genome of tree peony
Paceonia ostii [J]. Nat Commun, 2022, 13(1): 7328.

Guo L L, Guo S, Xu J, et al. Phylogenetic analysis based
on chloroplast genome uncover evolutionary relationship
of all the nine species and six cultivars of tree peony [J].
Ind Crops Prod, 2020, 153: 112567.

Chen S F, Zhou Y Q, Chen Y R, et al. Fastp: An ultra-fast
all-in-one FASTQ preprocessor [J]. Bioinformatics, 2018,
34(17): 1884-i890.

Jin J J, Yu W B, Yang J B, et al. GetOrganelle: A fast and
versatile toolkit for accurate de novo assembly of organelle
genomes [J]. Genome Biol, 2020, 21(1): 241.

Hunt M, Silva N D, Otto T D, et al. Circlator: Automated
circularization of genome
sequencing reads [J]. Genome Biol, 2015, 16: 294.

Shi L C, Chen H M, Jiang M, et al. CPGAVAS2, an
integrated plastome sequence annotator and analyzer [J].
Nucleic Acids Res, 2019, 47(W1): W65-W73.

Greiner S, Lehwark P, Bock R. OrganellarGenomeDRAW
(OGDRAW) version 1.3.1: Expanded toolkit for the
graphical visualization of organellar genomes [J]. Nucleic
Acids Res, 2019, 47(W1): W59-W64.

Kurtz S, Choudhuri J V, Ohlebusch E, et al. REPuter: The
manifold applications of repeat analysis on a genomic
scale [J]. Nucleic Acids Res, 2001, 29(22): 4633-4642.
Beier S, Thiel T, Miinch T, et al. MISA-web: A web server
Bioinformatics, 2017,

assemblies using long

for microsatellite prediction [J].
33(16): 2583-2585.

Zhu Y'Y, Zhang X W, Yan S F, ef al. SSR identification and
phylogenetic analysis in four plant species based on
complete chloroplast genome sequences [J]. Plasmid,
2023, 125: 102670.

Huang L J, Yu H X, Wang Z, et al. CPStools: A package
for analyzing chloroplast

genome sequences [J].

[24]

[29]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

iMetaOmics, 2024, 1(2): e25.

Amiryousefi A, Hyvonen J, Poczai P. IRscope: An online
program to visualize the junction sites of chloroplast
genomes [J]. Bioinformatics, 2018, 34(17): 3030-3031.
Zhang Z. KaKs_Calculator 3.0: Calculating selective pressure
on coding and non-coding sequences [J]. Genomics
Proteomics Bioinformatics, 2022, 20(3): 536-540.

Poliakov A, Foong J, Brudno M, et al. GenomeVISTA: An
integrated software package for whole-genome alignment
and visualization [J]. Bioinformatics, 2014, 30(18): 2654-
2655.

Zhang D, Gao F L, Jakovli¢ I, et al. PhyloSuite: An
integrated and scalable desktop platform for streamlined
molecular sequence data management and evolutionary
phylogenetics studies [J]. Mol Ecol Resour, 2020, 20(1):
348-355.

Katoh K, Standley D M. MAFFT multiple sequence
alignment software version 7: Improvements in
performance and usability [J]. Mol Biol Evol, 2013, 30(4):
772-780.

Nguyen L T, Schmidt H A, von Haeseler A, et al. 1Q-
TREE: A fast and effective stochastic algorithm for
estimating maximume-likelihood phylogenies [J]. Mol Biol
Evol, 2015, 32(1): 268-274.

Letunic I, Bork P. Interactive tree of life (iTOL) v5: An
online tool for phylogenetic tree display and annotation [J].
Nucleic Acids Res, 2021, 49(W1): W293-W296.

PAETT. HFAEFF AT T R A A R AR
#oM]. A B AR, 2024: 56.

AEdE. SIMATZREZ R TR O3 IR RFAE S LAY
fRFERTSE [D]. AL o ERFAEOR R, 2022.
AR, Yl HIER, 5 B SAA R 5 A
Tl et ¢ A B DR AE R A I BL B [J]. ARl RL 2, 2020,
56(4): 82-88.

Wu Y, Liu F, Yang D G, ef al. Comparative chloroplast
genomics of Gossypium species: Insights into repeat
sequence variations and phylogeny [J]. Front Plant Sci,
2018, 9: 376.

Guo Q, Xue X, Wang D D, ef al. Genetic diversity and
population genetic structure of Paeonia suffruticosa by
chloroplast DNA simple sequence repeats (cpSSRs) [J].
Hortic Plant J, 2025, 11(1): 367-376.

Chen Q H, Chen L, Teixeira da Silva J A, et al. The
plastome reveals new insights into the evolutionary and
domestication history of peonies in East Asia [J]. BMC
Plant Biol, 2023, 23(1): 243.

SRR, SRR, sk, 55 MAE R EYT Sk
RN RGBT [7]. FEL, 2024, 55(17):



- 4778 « PED 2025478 B56% B 138  Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 13
5972-5981. subKingdom [J]. Int J Mol Sci, 2023, 25(1): 257.
[38] Wu Z H, Liao R, Yang T G, et al. Analysis of six [42] Yang X, Yu X L, Zhang X Y, et al. Development of mini-

[39]

[40]

[41]

chloroplast genomes provides insight into the evolution of
Chrysosplenium (Saxifragaceae) [J]. BMC Genomics,
2020, 21(1): 621.

Zhou Y, Shang X H, Xiao L, et al. Comparative plastomes
of Pueraria montana var. Lobata (Leguminosae:
Phaseoleae) and closely related taxa: Insights into
phylogenomic implications and evolutionary divergence
[J]. BMC Genomics, 2023, 24(1): 299.

Gui L J, Jiang S F, Xie D F, et al. Analysis of complete
chloroplast genomes of Curcuma and the contribution to
phylogeny and adaptive evolution [J]. Gene, 2020, 732:
144355.

Cai H B, Xu R, Tian P, et al. Complete chloroplast
genomes and the phylogenetic analysis of three native

species of Paconiaceae from the Sino-Himalayan flora

[43]

[44]

[45]

barcode based on chloroplast genome and its application
in metabarcoding molecular identification of Chinese
medicinal material Radix Paeoniae Rubra (Chishao) [J].
Front Plant Sci, 2022, 13: 819822.

Emadzade K, Lehnebach C, Lockhart P, ef al. A molecular
phylogeny, morphology and classification of genera of
Ranunculeae (Ranunculaceae) [J]. Taxon, 2010, 59(3):
809-828.

Group T A P. An update of the Angiosperm Phylogeny
Group classification for the orders and families of
flowering plants: APG IV [J]. Bot J Linn Soc, 2016,
181(1): 1-20.

B, #RE, BWE, 5. BEEMATZRIH Sk
FEHEM RN R L F R [J]. mA5R,
2022, 42(6): 964-975.

[riEmA w29



