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Abstract: Salvia apiana Jepson, commonly known as white sage, is a perennial sub-shrub of the Salvia genus
in the Lamiaceae family with a long medicinal history. In this study, the complete chloroplast genome of S. apiana
was sequenced using PacBio HiFi third-generation sequencing technology. The physical map of the genome was
constructed, and the sequence structure features, codon preference, and repetitive sequences were analyzed.
Furthermore, a comparative analysis of the chloroplast genome and phylogenetic evolution with closely related
species within the same genus was conducted. The chloroplast genome of S. apiana was found to have a length of
151 701 bp (GenBank accession number: OR389048), with a typical quadripartite structure and a GC content of
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38.06%. A total of 132 genes were annotated, including 87 protein-coding genes, 37 tRNA genes, and 8§ rRNA
genes. Among them, 17 genes contained introns, and 18 genes were present in duplicate copies. Codon preference
analysis revealed a preference for codons ending with A or U. Analysis of repetitive structures in the S. apiana
chloroplast genome identified 170 simple sequence repeat (SSR) sites and 65 scattered repeat sequences, with the
majority of SSR sites composed of A and T. Phylogenetic analysis of the complete chloroplast genomes of
21 species within the same genus showed that S. apiana is most closely related to Salvia hispanica Ettling. ex
Willk. & Lange, Salvia leucantha Cav., and Salvia tiliifolia Vahl. Comparative analysis of the chloroplast genomes
revealed slight contraction and expansion of the inverted repeat (IR) boundaries in S. apiana, as well as multiple
highly variable regions in the chloroplast genome sequence. This study establishes a method for de novo assembling
the chloroplast genome of S. apiana using third-generation sequencing data and provides a comprehensive analysis
of its chloroplast genome, which can serve as a theoretical basis for studies on chloroplast genetic engineering,
genetic diversity analysis, molecular breeding, and species identification.
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Table 1 Base composition of S. apiana's chloroplast genome

Region Length/bp A/% C/% G/% T/% GC/%

LSC 82993  31.16 1857 17.65 32.62 36.22
SSC 17610 3423  16.81 15.13  33.83 31.94
IRa 25549 2849  20.77 2237 2837 43.14
IRb 25549 2837 2237 2077 2849 43.14

Total 151701  30.60 19.38 18.68  31.35 38.06
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Figure 1 Chloroplast genome map of S. apiana. Genes are color coded by their function in the legend. Genes inside or outside the circle
are transcribed in a clockwise or counter clockwise direction, respectively. The grey region of the inner circle indicates the GC content of the

chloroplast genome

Table 2 Gene annotation of chloroplast genome of S. apiana. x2: Copy number 2; *: Contains one intron; **: Contains two introns

Category Group of gene Gene name

Photosynthesis ~ ATP synthase atpA, atpB, atpE, atpF*, atpH, atpl
Photosystem I psaA, psaB, psaC, psal, psaJ
Photosystem II psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbJ, psbK, psbL, psbM, psbN, psbT,

psbZ, ycf3**

NADH-dehydrogenase ndhA*, ndhB*(x2), ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK
Cytochrome b/f complex petA, petB*, petD*, petG, petL, petN
Rubisco rbcl

Self replication ~ DNA dependent RNA polymerase  rpod, rpoB, rpoC1*, rpoC2
Large subunit of ribosome rpll4, rpll16*, rpl2*(x2), rpl20, rpl22, rpl23(X2), rpl32, rpl33, rpl36
Small subunit of ribosome rpsll, rps12(X2), rpsi4, rpslS, rpsl6*, rpsi8, rpsl9, rps2, rps3, rps4, rps7(x2), rps8
rRNA rrnl6(x2), rrn23(x2), rrn4.5(x2), rrn5(x2)
tRNA trnA-UGC*(x2), trnC-GCA, trnD-GUC, trnE-UUC, trnF-GAA, trnfM-CAU, trnG-GCC,

trnG-UCC*, trnH-GUG, trnl-CAU(X2), trnl-GAU*(X2), trnK-UUU*, trnL-CAA(%2),
trnL-UAA*, trnL-UAG, traM-CAU, trnN-GUU(x2), trnP-UGG, trnQ-UUG, trnR-ACG(X2),
trnR-UCU, trnS-GCU, trnS-GGA, trnS-UGA, trnT-GGU, trnT-UGU, trnV-GAC(X2),
trnV-UAC*, trnW-CCA, trnY-GUA

Other genes Acetyl-CoA-carboxylase accD
c-type cytochrom synthesis gene cesA
Envelop membrane protein cemA
Protease clpP™
Translational initiation factor infA
Maturase matK
Unkown Conserved open reading frames yefl, yefl5(x2), yef2(x2), yef4
1 UUA %55 H P (SSR) AL ki, L 132 4>y B 3 L 5 7
4 EEFIISH %1 (mononucleotide), EL4% AT 1 C = Fh B & KA 47

1 bR B 2 ke DR 4 LA U 21 170 AN B A 28 R ® H 7 41 (dinucleotide), A AC. AG.
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Codon number

Ala Cys Asp Glu Phe Gly His Ile Lys
7.00 1

RSCU value

Ala Cys Asp Glu Phe Gly His Ile Lys L

GCA UGC GAC GAG UUC GGU CAC AUA AAG CUU

Met Asn Pro Gln Arg Ser Thr Val Trp Tyr *

Met Asn Pro Gln Arg Ser Thr Val Trp Tyr *

AAC CCA CAG CGA AGU ACA GUU UAC UAG

Figure 2 Codon content of 20 amino acids and stop codons in all protein-coding genes of the chloroplast genome of S. apiana. The

histogram above each amino acid shows codon usage within S. apiana. Colors in the column graph reflect codons in the same colors shown

below the figure. RSCU: Relative synonymous codon usage; Ala: Alanine; Cys: Cysteine; Asp: Aspartic acid; Glu: Glutamic; Phe:

Phenylalanine; Gly: Glycine; His: Histidine; Ile: Isoleucine; Lys: Lysine; Leu: Leucine; Met: Methionine; Asn: Asparagine; Pro: Proline;

Gln: Glutamine; Arg: Arginine; Ser: Serine; Thr: Threonine; Val: Valine; Trp: Tryptophan; Tyr: Tyrosine; *: Stop codon
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Figure 3 Types and numbers of SSRs in the chloroplast genome

of S. apiana. SSR: Simple sequence repeat
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Figure 4 Types and numbers of scattered repeats in S. apiana

chloroplast genome
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Table 3 Chloroplast genome characteristics of five Salvia plants.
LSC: Large single copy; SSC: Small single copy; IR: Inverted

repeat region

Plant Chloroplast GC% LSC SSC IR/bp
genome/bp /bp /bp

Salvia miltiorrhiza 151 328 38.02 82695 17555 25539

Salvia apiana 151701 38.06 82993 17610 25549

Salvia hispanica 150 980 3798 82279 17535 25583

Salvia leucantha 151 021 37.99 82262 17537 25611

Salvia tiliifolia 150 836 37.99 82129 17533 25587
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Figure 5
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Salvia apiana OR389048
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Phylogenetic tree based on common genes of the 23 complete chloroplast genomes
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Figure 6 Comparison of chloroplast genomic structures in Salvia plants. Arrows indicate gene orientation; horizontal axis indicates

genome size; vertical axis indicates 50%—100% similarity; coding regions, non-coding regions and tRNA or rRNA are marked on the graph

with different colors

st a R EoR (B 6), Br B BB AN, R IUM R R 5
JEE FEL ) (%) Tt A ik R 28 vy P55 AR B, G B DX AR T FE 4
i X B8 0 AR <, S ) B 521X LG B4 DL IX PR 57 o % Jik A
AL T trnQ-UUG-rps16- trnD-GUC-psbM- petA-psbJ
trnL-UAG-rpl32 F psad-ycf3 %5 ¥ 5= [A 8] [@ X, DL &
aceD Flyef1 PR B 2 X F0 AR AL EE BRI, A2
ANFRRRERZ RIS . MILTSHSEERA, 0
SR B AE yef2« trnl-CAUrpl23 < rpl2 Al rps19 4L 1) 7 5
K. &2 MR R I H rRNA FTRNA X351 5
FEGRFIE, HLIR X3AHXS - LSC Il SSC [X I H 4L/
A8 S, R IH IR X AE AL I A% 3 fRsr

it

W A 2 R A L R O A B B SR R
HAEHAT A E B — A B8 . H-SRAR3E R 4L BT
FUAT LLB 31 E 20 tH 20 50 AR, B 5 — 2k s B R B
I 2 Ak B DRI 25 A AT DASKR, i S 4k B R A A 745 31 T
J 7z R, 3 LA AR 7 A TR & Sk [
BT, AR R 2 ) SRAS O T SR GO R K E
R ZR AR AR A FE 1) — A E BT B

AW 73T PacBio HiFi =4I 7 £ R 1 E W15

BN, B OO B R R SR S R 3T T
WP HBEFNERE, H AT TECONAT R 20, 4R
7~ R B SR S DR 4H 45 K 151 701 bp, HA LAY
VY 73k 25 4, 5 5 T 4T 1 B B L At 4 b ot 4
A K [R] 21 45 WA R AR A A AP

AR AW AR S B AR 1B AR kT A L BE
FH, %457 1P (codon usage bias) +& 4= WA HEAL 1H)
HERRAE, XL K D RE AN RIA AAAE — e emit, A X
S TR G (RSCU) AF %5 0 7l 4o P 1) o
Fabw, FH T A 00 4 RS 1 510 P ) [) S 4 FH 4% L
M RSCU > 1 I, 3 B 12 % 15 16 i F A0 R 8 v
RSCU = 1, U 3% B % % 15+ 189 46 A A7 75 fw 4 1
RSCU < 1, F7n 1% % i1 AR AR AT 500t
5 R B I S A ] A 5 0 U PR R AT 40 BT, 45
B, AR EEMGARER AT T 64 Fhaig 7, H
w4 250G A 30 B, HL e 5 AR U B (1) 2% 05
F, 5 H AT S R e G PR AR AL

Map R R AP E R ES TR EEEEE .
Z A m, HEA YRGS oyl 2 AfEs %
V]t A g B8R R A v R o S AE 9 A 1) 43 T B
AHIF T 1 0 R A 3 DR 4 A 43 A, SRR
REI170 4~ SSRAZ A, A 132 M NPT IR EE P



PRVESE: R 5 gL R L SRR S R G AT -+ 1491 -

H, FEA T LSCIX . [ 5B &Rk SSR AL 5k
) £ P A BT B, 1 — 8 SCHF T 4R 4K SSR A AT
"W FH A 1 poly A B polyT Mk, RDEEF CELG
B S B AP A, AHIE 5T R I SSR AL A5 I i A5
CDS X, 73 5 N rpoC2ndhD - ycfl Ml ycf2 3£ A, H. yefl
FLA ) SSR AL st % (104D, $E71 yef T [ i i 28 7
Mo SSRAL KA M AT A J Btk — A B 50 1 B B 1) 40
FhRic AEE Bl DL R BRI AL BT iR 2%

TE DA I 2R G0 Ak 22 0 90 AR e IR, R ) B 36 R 2
YIS, BT 205 B A R, AN [7) 22 R AL 22 7 B
EFREER AN AR ZE AR EIR D R R G K
B W, ToEEAR B b A ) Fh 2 8] B kA 08 REY AHE
FUR IR ORAAIRE, HE T A BB R AN J& 21 M2l FH A
WL Je — A RBEVD R 75 AN I R 3 g 00 JE R
TR I . RS Hu %071 2018 4 I 4R
WRBFEHR AR RR, 5N 2282
T FR, A 20N JE TR R R EVJE (subg. Glutinaria
(Raf.) G.X. Hu, C.L. Xiang & B.T. Drew). iXffi#ifE %
ARMAERGREM S, BRI VA RERE SIS K
FEHL S 7G AF R AR T R F ROy — L, B A
YRR R SRR AR, B, BB T AR R R R
WJE. HARFRELR, SHNPRRGEL—
O, B0 R B (Salvia aerea Levl.) 2B TR AR E
¥ (Salvia castanea f. tomentosa Stib.). & Hb ¥ i B
(Salvia digitaloides Diels) F1H VG i B &L (Salvia przew-
alskii Maxim.) 58—, #8142 0 2 0 0. &g 14 5 BR
754 (Sect. Eurysphace); [ 5 i & 5 (Salvia glutinosa
L) Ml =4 F+ % (Salvia nubicola Wallich ex Sweet) %
N, B AE TS (Sect. Glutinaria) Wk 7 ; Bh%
¥ (Salvia substolonifera Stib.) 1 = [ & ¥ (Salvia
trijuga Diels) J& T#.2240 (Sect. Substoloniferae), 58T
#H B HL 4 (Sect. Notiosphace) W% ¥ %L (Salvia plebeia
R. Br.) ¥ AN—#i; M2 (Salvia bowleyana Dunn) 7}
Z K i BB S (Salvia plectranthoides Griff)) fl 2 #
SR H (Salvia yunnanensis C. H. Wright) # )& T 1+
“H (Sect. Drymosphace), AL T — 2, HHEHN T )&
F AR 20 (Sect. Sobiso) HI 4L iR ¥ (Salvia prionitis
Hance), X 5 [F] 2R 4H 1K1 55 A 41 (Salvia kiangsiensis
C.Y. Wu) A—HE; BN 25 RBE (Salvia officinalis
L) B B P} & (Salvia sclarea L.) ik % & (Salvia
rosmarinus Spenn.) H B — B, BEIE E N AN RBEDF
I 2 Ge kAl 25 5 SO — Bt T, T Re S AR T
FHZ 5 g M E B DA K.

IR [X 3 2 P 2 A 35k [R] 25 DY 43 &85 4 A AR R B R 5T
FRY DX 3, TR X ek ids 5 T UC 440 RN 97 3t o 3 ol it 4% 22 [

HRANBA ) FZ IR, R bRt R 2 RE
TRIE SN R LA BT S A S,
XoF AR R B A H = AR BT G AT T IR W ST
TR AW AR 53 B, I P ot A R DRI AL () IR XA R
£ 25 539~25 611 bp 2 [8], 275/, Hp 5184k b5
FERAL, B AFERME R, FERIN trnH . ycfl
ndhFrps19 Fl rpl2 B2 K 4 5K MU 4 o 4 rps 19 B K]
7E 2 % LSC-IRb 11 5%, i 7F 11 B 5 25 HoAth Y
AR, 5E 47 T LSC X, H FE 2 IRb [X 9~12 bp,
R T FIZ, rps19 3£ N AE A R FZEPAY)Fh )
IR X KA T WA . — R =, trnH SERLE SF I HE A
HAL T IR X, 1 7E X AR A o A T LSC X ™, A
F rnHIE R FEARA T LSC X, B TSR A R 2R
(1) trnH Z R A7 F LSC X, PBE S B2 5 SR 74 BF B2
BB BB B ernH LR, #51A) IRa X 475K T 3 bp.

BEAh, A I R 2 9 Bk 45 S SR, LR R R
S 24 FH AR A 10 T 2 Ak 35 R 4 v R ARLAL, EL T R R
[RIZH A IR [X LK LSC A SSC X B A5, 4 At X AH X T
i % X AR 5F o HALE rnQ-UUG-rps16+ trnD-GUC-
psbM petA-psbJ- trnL-UAG-rpl32 1 psad-ycf3 %5 ) &
IR a1 B X, LA K aceD Fl yef1 FE IR ) & 7 X 10 7 51 A
LLEE AR, A B MK B [X sl b R T R i ol )
BEMRGRKE 5 Thie.

I 453 A S5 [R] 21 2 A 4 5 IR 2 2 v (1) B B2 2 AR
a5, W FE I SR A TR 0T 48 7~ 4% 4 DNA 254 5
EIR PP R R R HY o FArid o T 8 F DL R it
& 3 A RN 2 4 B B T AR S5 o 38 B B UMY
AW TR ZARM TR, K45 7 3 R B gk
BRI H S, 5 T %8 nE AL B R I RS
BEETTE, A T SRR R Y B RAE A TR
UF AN E TP A1) BT SRR B R 4 7 B 22 S BRUR
R RREYEAT T T REFOHIE RIS LA
BRI 250 B, S e 10 B B R B I A TR 4 A A
Ao AAAMUFERE T HSEEERATIIER, &8
R B SRR R AR AL ZRE T 2 T B R
YRR %o S S B T Rt

fEZ Tk SR NSRRI ERE, F52 5
B s A A RIS IR 41 % B AR MR B DTRE R SR AN I R ik [R 4
U5 B3 A 5757 S 06 B0 58 R SR )5 25080 4 B2 S2 36 15011
I £k 56 [ 2H 41 2% R SO ]

FIZE S BT A 2 AR R 2 i R

References

[1]  Corriveau JL, Coleman AW. Rapid screening method to detect

potential biparental inheritance of plastid DNA and results for



Az,

1492 - 242224 Acta Pharmaceutica Sinica 2024, 59(5): 1484-1493

[2]

[3]

(4]

(5]

[6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

over 200 angiosperm species [J]. Am J Bot, 1988, 75: 1443-1458.
Fuentes P, Armarego-Marriott T, Bock R. Plastid transformation
and its application in metabolic engineering [J]. Curr Opin Bio-
technol, 2018, 49: 10-15.

Bharadwaj R, Kumar SR, Sathishkumar R. Green biotechnology:
a brief update on plastid genome engineering [J]. Adv Plant
Transgenics Methods Appl, 2019, 20: 79-100.
Rodriguez-Ezpeleta N, Brinkmann H, Burey SC, et al. Mono-
phyly of primary photosynthetic eukaryotes: green plants, red
algae, and glaucophytes [J]. Curr Biol, 2005, 15: 1325-1330.
Zhou J, Chen X, Cui Y, et al. Molecular structure and phyloge-
netic analyses of complete chloroplast genomes of two Aristolo-
chia medicinal species [J]. Int J Mol Sci, 2017, 18: 1839.

Qin X, Hu J, Fang Z, et al. Transcriptome-wide identification
and expression analysis of 2-ODD gene family in Salvia apiana
Jepson [J]. Acta Pharm Sin (2422 2%4]), 2022, 57: 3675-3685.
Krol A, Kokotkiewicz A, Luczkiewicz M. White sage (Salvia
apiana)-a ritual and medicinal plant of the chaparral: plant char-
acteristics in comparison with other Salvia Species [J]. Planta
Med, 2022, 88: 604-627.

Afonso AF, Pereira OR, Fernandes AS, et al. The health-benefits
and phytochemical profile of Salvia apiana and Salvia farinacea
var. victoria blue decoctions [J]. Antioxidants (Basel), 2019,
8:241.

Koren S, Walenz BP, Berlin K, et al. Canu: scalable and accurate
long-read assembly via adaptive k-mer weighting and repeat
separation [J]. Genome Res, 2017, 27: 722-736.

Thorvaldsdottir H, Robinson JT, Mesirov JP. Integrative Genomics
Viewer (IGV): high-performance genomics data visualization
and exploration [J]. Brief Bioinform, 2013, 14: 178-192.

Altschul SF, Gish W, Miller W, et al. Basic local alignment
search tool [J]. J Mol Biol, 1990, 215: 403-410.

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

Dunn NA, Unni DR, Diesh C, et al. Apollo: democratizing
genome annotation [J]. PLoS Comput Biol, 2019, 15: €¢1006790.
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: W59-64.

Zhang D, Gao F, 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: 348-355.

Sharp PM, Li W. The codon adaptation index-a measure of
directional synonymous codon usage bias, and its potential
applications [J]. Nucleic Acids Res, 1987, 15: 1281-1295.

Beier S, Thiel T, Miinch T, et al. MISA-web: a web server for
microsatellite prediction [J]. Bioinformatics, 2017, 33: 2583-

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

2585.

Qian J, Song J, Gao H, et al. The complete chloroplast genome
sequence of the medicinal plant Salvia miltiorrhiza [J]. PLoS
One, 2013, 8: e57607.

Kurtz S, Choudhuri JV, Ohlebusch E, et al. REPuter: the manifold
applications of repeat analysis on a genomic scale [J]. Nucleic
Acids Res, 2001, 29: 4633-4642.

Nguyen L, Schmidt HA, Von Haeseler A, et al. IQ-TREE: a fast
and effective stochastic algorithm for estimating maximum-
likelihood phylogenies [J]. Mol Biol Evol, 2015, 32: 268-274.
Kumar S, Stecher G, Tamura K. MEGA7: molecular evolutionary
genetics analysis version 7.0 for bigger datasets [J]. Mol Biol
Evol, 2016, 33: 1870-1874.

Amiryousefi A, Hyvonen J, Poczai P. IRscope: an online program
to visualize the junction sites of chloroplast genomes [J]. Bioin-
formatics, 2018, 34: 3030-3031.

Song J, Luo H, Li C, et al. Salvia miltiorrhiza as medicinal
model plant [J]. Acta Pharm Sin ( % % %% i), 2013, 48: 1099-
1106.

Frazer KA, Pachter L, Poliakov A, et al. VISTA: computational
tools for comparative genomics [J]. Nucleic Acids Res, 2004, 32:
W273-279.

Li Q. Protective Effect of Scutellarin on Thoracic Aorta and
Study of the Complete Chloroplast Genomes on Taxus chinensis
var. mairei and Cycas revoluta (T 35 41 3 L% (R 47/ H K B
J5 4L 5L A2 S - 2 4 5L R 41 9F 9T) [D]. Beijing: Peking Union
Medical College, 2011.

Shinozaki K, Ohme M, Tanaka M, et al. The complete nucleotide
sequence of the tobacco chloroplast genome: its gene organiza-
tion and expression [J]. EMBO J, 1986, 5: 2043-2049.

Zhu T, Zhang L, Cheng W, et al. Analysis of chloroplast
genomes in 1 342 plants [J]. Genomics Appl Biol (3 K 41 % 5
LA %2), 2017, 36: 4323-4333.

He Y, Han L, Liu Y, et al. Complete sequence analysis of
chloroplast genome of Salvia japonica [J]. Bull Bot Res (841
%), 2017, 37: 572-578.

Liang C, Wang L, Lei J, et al. A comparative analysis of the
chloroplast genomes of four Salvia medicinal plants [J]. Engi-
neering, 2019, 5: 907-915.

Xiong B, Wang T, Huang S, et al. Analysis of codon usage bias
in xyloglucan endotransglycosylase (XET) genes [J]. Int J Mol
Sci, 2023, 24: 6108.

Ikemura T. Correlation between the abundance of Escherichia
coli transfer RNAs and the occurrence of the respective codons
in its protein genes: a proposal for a synonymous codon choice
that is optimal for the E. coli translational system [J]. ] Mol Biol,
1981, 151: 389-409.

Zhang M, Wang X, Gao J, et al. Complete chloroplast genome of
Paeonia mairei H. Lév.: characterization and phylogeny [J]. Acta

Pharm Sin (%22 %1R), 2020, 55: 168-176.



PRVESE: R 5 gL R L SRR S R G AT

1493

[33]

[34]

[35]

[36]

[37]

[38]

Qiao Y, He J, Wang Y, et al. Analysis of chloroplast genome and
its characteristics of medicinal plant Sophora flavescens [J]. Acta
Pharm Sin (Zj%2%40), 2019, 54: 2106-2112.

Deng G, Wu T, Gao R, et al. Characteristics and adaptive evolu-
tion analysis of the chloroplast genome of Gentiana rhodantha
[J]. Acta Pharm Sin (£5%%4k), 2022, 57: 3240-3253.

Zhou T, Wang J, Jia Y, et al. Comparative chloroplast genome
analyses of species in Gentiana section Cruciata (Gentianaceae)
and the development of authentication markers [J]. Int J Mol Sci,
2018, 19: 1962.

Flannery ML, Mitchell FIG, Coyne S, et al. Plastid genome
characterisation in Brassica and Brassicaceae using a new set of
nine SSRs [J]. Theor Appl Genet, 2006, 113: 1221-1231.

Kuang D, Wu H, Wang Y, et al. Complete chloroplast genome
sequence of Magnolia kwangsiensis (Magnoliaceae): implication
for DNA barcoding and population genetics [J]. Genome, 2011,
54: 663-673.

Su T. Chloroplast Genome Phylogeny in subg. Glutinaria of
Lamiaceae (J&5 % R} 4 W B 5 0 i W 4 44 ik DR 4 3% 45 5
%) [D]. Guiyang: Guizhou University, 2021.

[39]

[40]

[41]

[42]

[43]

[44]

Hu G, Takano A, Drew BT, et al. Phylogeny and staminal evolu-
tion of Salvia (Lamiaceae, Nepetoideae) in East Asia [J]. Ann
Bot, 2018, 122: 649-668.

Yang M, Zhang X, Liu G, et al. The complete chloroplast
genome sequence of date palm (Phoenix dactylifera L.) [J].
PLoS One, 2010, 5: ¢12762.

Raubeson LA, Peery R, Chumley TW, et al. Comparative
chloroplast genomics: analyses including new sequences from
the angiosperms Nuphar advena and Ranunculus macranthus
[J]. BMC Genomics, 2007, 8: 174.

Li R, Ma P, Wen J, et al. Complete sequencing of five Araliaceae
chloroplast genomes and the phylogenetic implications [J]. PLoS
One, 2013, 8: ¢78568.

Hu Y, Wang X, Zhang X, et al. Advancing phylogeography with
chloroplast DNA markers [J]. Biodivers Sci (£ ¥ £ #f 1),
2019, 27: 219-234.

Wu L, Cui Y, Nie L, et al. The characteristics of complete
chloroplast genome sequence and phylogenetic analysis of
Dendrobium moniliforme [J]. Acta Pharm Sin (24 %% %%4Rk), 2020,
55:1056-1066.



