Zj554  Acta Pharmaceutica Sinica 2026, 61(7): 2757-2772 - 2757 -

>

FIRSAM F e ERBIFIEMT L HBMERE L EXRTH

WBET R R E OB RRRT R OBV K 27 OAN? KRR

(1. BV R 2 25 K 2 2 24 B, B 48 e 08 v B 24 B F R TR R AR 90 b0, BT 722 712046; 2. BRPGHEZGK
5, BETE A B 25 HL R 5 24 R B SR, BT T2 712046)

E: =& 25880 Bupleurum giraldii (H. Wolff) Koso-Pol. N4 El Apiaceae 4 #H & Bupleurum L. 2 F A B AR HEY),
AR, PR B AR LA A . AR AL T R 2 Y (genome skimming, GS) 7207 3k
15 2R UL BE ST SR AR A HE R AH 7 51, 6 HCHEAT T 4H 3 R VR AR AT, JF 5 [ B R R WAt Gk A B R H JEAT T L
BRI RGR B R AT FR0R SEHH I S 44 4 B R A 2 AR s1 O PR AR DY o0 A 4544, K2R 155 761 bp, HH— A~ K
# D1[X (large single copy, LSC; 85 663 bp), —/>/NE.#5 DX (small single copy, SSC; 17 492 bp) Fl— X% Jz [A] B 5 [X
(inverted repeats, IRa/IRb; 26 303 bp) 4 8; FLiERAS E 129 ALK, 35 84 N8 AR TDIE A 37 4~ t(RNA JE K 71 8 4
rRNA LR, Ho 6 4N A TG 7 A RNA ZE R AT 4 N rRNA FERIFE IRs K R A F A . WFRIG LS aR R e 5L 4
551 R SRS Y 66 /7 B2 5 /7 51 (simple sequence repeats, SSRs), 34 4N R K B 5 /741 (tandem repeats) A1 31 MU
B H 7% (dispersed repeats). %5718 IR IF I (codon usage bias, CUB) 73 #r &5 SR B IR, M X} [F] S 05 74 F &
(relative synonymous codon usage, RSCU) KT 1 &, ) L A 8% Tk 45 2, /T 1B, MR 1) DA C 8% G i3t 45 =
P22 ] CENC-plot il PR2-plot 4347 45 S ¥4 2R BH, 28 W& 48 5 S A Jik DR 21 %30 14 R i - 4 =8 2252 AR5
SEHH JEAE PP ] A A TR 20 B B G C B i DR 2 B HE B o 5 R <, TR's DX AR Ao i 3] W I 1 ™ ke S
4ii; FE A RR RS 5 5 SR AR TE AR R A A ZE RN [X, HLLSC X \SSC X [ 41 (1748 5 P 5 2 3 v 1 IRs X, LAk 1) 11 4%
T i) = A2 e 5, 4 AL T LSC I SSCIX o REGUKE T 45 R BN, SeiJR T A YF LA BS,, = 100%, PP = 1 [ 33
RIAN—ANRR,JE TR NLSETATE (subgenus Bupleurum) Fl subgenus Penninervia 2 4~43 32, ZeWg S5 AL T 451
J&, 5 B. falcatum L. R R B R R BT S . AHTTEE DO ZRU& SEA S0k A B R AR AR EAT 1 ST ey, ¥ 1 &%
SEHHLELREAIB N R GUR B AL, T 7045 S 9 St ) 24 A R AP ot B8 R R4 A0 B Ok ) FH 4 (L B v il

KHEIR): St )m,; ZUSSeH; i AR A T AR, RAKE

hE 43S RI31 HAFRIRAD: A X EHS: 0513-4870(2026)07-2757-16

Characterization of the complete plastid genome of Bupleurum giraldii
(H. Wolff) Koso-Pol. and phylogenetic relationships of Bupleurum L.

CHEN Jin-hao", ZHAO Chen", GAO Jing'?*, LI Yi-min"?, ZHANG Gang"’, CHEN Ying'?,
YAN Yong-gang"’, ZHANG Ming-ying"*

(1. School of Pharmacy, Shaanxi University of Traditional Chinese Medicine, Shaanxi Qinling Engineering Research

Center for Application and Development of Chinese Herbal Medicine, Xi'an 712046, China; 2. Shaanxi University of

Traditional Chinese Medicine, Shaanxi Provincial Administration of Traditional Chinese Medicine Key Laboratory of
"Qin Medicine", Xi'an 712046, China)

Abstract: Bupleurum giraldii (H. Wolff) Koso-Pol. is a perennial herbaceous plant belonging to the Bupleurum

Wk FA: 2026-01-22; &[] H #A: 2026-04-06.

L0 H - BRVEH B AR ERT ST RIBTH (2019JQ-876, 2022IM-458); [k 76 44 £UH JT 75 48 QBT I BAURL 201 6 tH QI H (25TP045); Ze 61 J5 7 12 24
BT R X T H (L2024-QCY-ZYYIIQ-X77, L2024-QCY-ZYYIIQ-X48); Jik BH 17 H A #F & 11X (L2023-ZDYF-SF-017); Bl G o & 25 k2% “ T
257 SRV B BRIR T R REE HIBA T E (2019-QNO1).

PILE SRR

*JB AE A Tel: 86-29-38185165, E-mail: zhangmy@sntcm.edu.cn

DOI: 10.16438/j.0513-4870.2026-0103



- 2758 - 242224 Acta Pharmaceutica Sinica 2026, 61(7): 2757-2772

L. (Apiaceae). It is recognized as a provincially protected rare medicinal plant in Shaanxi with the whole plant has
acknowledged medicinal value. In this study, the complete plastid genome sequence of B. giraldii was sequenced
and characterized, and comparative and phylogenetic analyses were then conducted alongside other published
Bupleurum plastid genome sequences. The whole plastid genome of B. giraldii was 155 761 bp in length, which
exhibited the conserved circular quadripartite structure consisting of a large single copy (LSC, 85 663 bp), a small
single copy (SSC, 17 492 bp), and a pair of inverted repeats (IRa/IRb, 26 303 bp). A total of 129 genes were
annotated, including 84 protein-coding genes (PCGs), 37 transfer RNA (tRNA) genes and 8 ribosomal RNA
(rRNA) genes, of which, 6 protein-coding genes, 7 tRNA genes and 4 rRNA genes were duplicated in the IR
regions. A total of 66 simple sequence repeats (SSRs), 34 tandem repeats, and 31 dispersed repeats were detected.
In the plastid genome of B. giraldii, codons with the relative synonymous codon usage (RSCU) value greater than
1 showed a tendency to end in adenine (A) or thymine (T), whereas those with an RSCU value less than 1 tended to
end in cytosine (C) or guanine (G). Collectively, neutral plotting, ENC-plot, and PR2-plot analyses all revealed that
natural selection might be the predominant factor shaping this codon usage bias. The plastid genome of Bupleurum
species exhibited highly conserved gene order and content, along with little variation in overall size and GC
content, no significant expansion or contraction of the IR regions was detected. Interspecific sequence variation
mainly occurred in the non-coding intergenic regions, and sequence divergence in the LSC and SSC regions was
significantly higher than that in the IR regions. Eleven divergence hotspot sequences were identified, located in the
LSC and SSC regions respectively. Phylogenetic inferences inferred that all Bupleurum species clustered into a
monophyletic clade with BS,,, = 100%, PP = 1, and which could be further divided into two independent lineages
corresponding to subgenus Bupleurum and subgenus Penninervia. Bupleurum giraldii located in subgenus
Bupleurum and showed the closest relationship to B. falcatum L. The complete plastid genome of B. giraldii was
comprehensively investigated for the first time and its phylogenetic position in Bupleurum was elucidated with
high resolution in this study, these results will provide basis for the conservation and sustainable utilization of the
germplasm resources of medicinal Bupleurum species.
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J1 58, SR B AL DOR A A R 73 F R SR B X &R )
R IAZ B 5D . Shu LT IR AS (@ S ALK 1
PROGE FH [ 245 FH 280 14 il L 2 28 Fofn 1 AN A8 Y (1) 5 i 25
T R R SE W s K1 4y D oK - SE W T & subgenus
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oy FUEHE (TS~ trnH-psbA } matK J¥5) 1 R A K
BT 45 35 Neves SV 45 R — 5L, [RIFER 5 )& X
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BN B/NEE T = 30 bp, HE T[] 1 AH L
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(tandem repeats) F| i Tandem Repeat Finder (TRF)™”
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CDS J3 51] (1) A X6F [5] S5 5% 1~ FH BZ (relative synony-
mous codon usage, RSCU). % i ¥ 55 3 £ b 1 B Bk &
B (AT, C,G,) A58 1.2.3 (1Al 3 GC % & (GC,.
GC,.GC,)\ & GC & & (GC,,) KA B T3 (effec-
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FETERRSFEEWERSR R
B R O ol A A U T A 3o R v T R ) B A R AE, LT
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S P, 2 AT D T 5 3 A 1 At 2 R BT
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Se A R bR 2R 0 SREH A 3L 39 S Fh £ 208 2% (MR
2025 4E 8 A 31 H, RALFEE 233545 Bl ) w2t
A 4 3 R 41 7 51 4 GenBank 3048 & TF JBGREL. MR I
SEHH JE R W S R A B DR 2L A I R () AR S i L, R
BIX 39 ATl 1 - S A 4 Bk DR 2EL P 41 (B30 bk B
157 HIE AR R, A i B 2 1F 5 SR AN ), 18
mVISTA FAFPEE T LAGAN B ALK 214 S 5 L ik
39 AN b I i A A TR 2L A AT LR A3 AT . )
i, I F AE 28 T H CPISdraw™ (http://112.86.217.82:
9929/#/tool/alltool/detail/335) 43 HT %% ¥ 51| IRs [X i 4/
ProkABoL. LAk, B HE R 0E SEERTE N I BT 40 )
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WHE 600 bp, K1 E 79200 bp!'”.

REEZBOH KRIGENS LR 39 MR
- & Ak 5 DR 40 1 91 ) 3 22 e 2 L RE R, LA SE A T i
GRFEADTER A B Angelica L. 24V A. sinensis (Oliv.)
Diels (MK688989) 14 F /7 J& Pleurospermum Hoffmy.
AW F T P orupestre (Popov) K. T. Fu & Y. C. Ho.
(NC_071807) 1E 95 2EHE, 7373 A H] B KABASRVZ: (max-
imum likelihood, ML) F1 Ul it #772; (Bayesian inference,
BI) AT ARG E HE M. 78 X EH MAFFT
56 1, H 7E Geneious H1 X T b X 25 47 /%2 1E . ML 43
AT 1) B 0 % 8 R e 85 8 08 GTR+G, #) Hf RAXML-
HPC BlackBox v.8.1.4 ¥ i R 4t K B W, $it#7 SCHF
(bootstrap values, BS) il i #4171 000 X H Ji& # & 7 #r
AW, BI 4 #7 # Fl MrBayes v.3.2.7a"5¢ i . i i
JModeltest* £ Akaike Information Criterion (AIC) #x
N IRAF B LR AL T IR B 4 A TVMAIHG A 5% 2
%, DLE KRB RBE 1) 5 RF R & (Markov Chain Monte
Carlo, MCMC) J7 5 B 4 5%k R 1217, I— 1B HL
B FFUGIZ 4T 10 000 000 18 (ASDSF 1/ T-0.01),
1 000 FRLRAFE — BRI, & 55 25% I Z A FEA (burn-in

samples), | FHF R I FEA K & — BOW (consensus tree)
FFHHJF IR (posterior probability, PP). ML 1 BI %>
Hr#J#E CIPRES™ (https://www.phylo.org) 71 5¢ .

ZFR
1 MEEEEFEBNF FIHEEBRSER

S B PEB 1 2 1 ZR U4 SE 5 52 BE R IU 43 Mk -S4k
A IR AR 1, 781K A 155 761 bp, BLF— 4
KHPE DX (large single copy, LSC; 85 663 bp).—>/)\
BLPE DX (small single copy, SSC; 17 492 bp) Fl— %t
In] 8 & X (inverted repeats, IRa/IRb; 26 303 bp), & GC
&N 37.7%, LSC.SSC.IRs [X il CDS J¥ 41 i) GC &
519N 35.8%-31.4%.42.8% F138.3% (£ 1)

ZR U B i T 4 4 35 DR AL 9 SV E R AR B 129 A4
B (3R 2), A4 84 N A 4w i HE TR L 37 /N t(RNA JE [A]
FISASTRNAFEK . HoHt, 1 16.1rn23rrnd. 5 rrnStrnA-
UGC.trnl-CAU.trnl-GAUtrnL-CAAtrnN-GUU . trnR-
ACG. trnV-GAC M rpsT~rps12.rpl2. rpI23 ndhB. ycf2
I1TAFE 73 AAE I S I R XK A rps19 Al
yefl FE K 43 51 %5 LSC/IRb A1 SSC/IRa i 7, F£7F IRa Fl

Bupleurum
Complete plastid genome
154 871 bp~155 761 bp (B. giraldii ) ~157 391 bp

[l Photosystem I
[l Photosystem 11
[ Cytochrome b/f complex
ATP synthase
[CJ NADH dehydrogenase
[ RubisCO large subunit
[l RNA polymerase
[0 Ribosomal proteins (SSU) NG
[l Ribosomal proteins (LSU)
B Transfer RNAs x
[l Ribosomal RNAs g
[ cipP, marK L)

[ Other genes

[ Hypothetical chloroplast reading frames (y¢f)

The complete plastid genome map of B. giraldii and other Bupleurum species
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Table 1
copy; IRs: Inverted repeats; CDS: Coding sequence

Information of the plastid genomes of B. giraldii and the other 39 Bupleurum species. LSC: Large single copy; SSC: Small single

Species Accession Genome LSC SSC IRs CDS
Length/bp GC/% Length/bp GC/% Length/bp GC/% Length/bp GC/% Length/bp GC/%
B. giraldii MW442884 155761 37.7 85 663 35.8 17 492 31.4 26303 42.8 79 805 38.1
B. angustissimum NC_057639 155 829 37.7 85598 35.8 17 599 31.3 26316 429 79 815 38.1
B. aureum NC_077617 155 568 37.7 85428 35.9 17510 31.4 26315 42.8 79 872 38.1
B. bicaule NC_057641 155922 37.7 85578 35.8 17 602 31.5 26371 42.8 79 833 38.1
B. boissieuanum MN756856 155 800 37.7 85 804 35.8 17 410 31.5 26293 42.8 79 811 38.1
B. chinense OR387523 155790 37.7 85729 35.8 17 501 31.4 26 280 42.8 79 894 38.1
B. candollei MT261183 155 541 37.8 85250 35.9 17 221 31.5 26 298 42.8 79 879 38.2
B. commelynoideum OR508818 155018 37.8 84 878 35.9 17 508 31.4 26316 42.8 79 885 38.1
B. chaishoui 0Q460233 155592 37.7 85492 35.8 17 456 31.4 26322 42.8 79 844 38.1
B. densiflorum MT261184 155787 37.7 85473 35.8 17 592 31.4 26361 42.7 79 870 38.1
B. euphorbioides NC_053888 154 871 37.7 85089 35.8 17714 31.4 26 034 429 79 553 38.1
B. fruticosum NC_060426 157 391 37.7 86 850 35.9 17793 31.3 26374 42.8 79 851 38.1
B. hamiltonii NC_056298 155320 37.8 85280 35.9 17 468 31.6 26 286 42.8 79 802 38.2
B. kweichowense NC 058630 155025 37.7 84922 35.9 17 505 31.4 26311 42.8 79 870 38.1
B. kaoi NC_063520 155938 37.7 85784 35.8 17 538 31.5 26 308 42.8 79917 38.1
B. krylovianum 0Q621986 155574 37.7 85387 35.9 17 566 31.4 26311 42.8 79 903 38.1
B. longiradiatum OR508822 155897 37.7 85877 35.8 17 442 31.5 26 289 42.8 79 898 38.1
B. longicaule 0Q621987 155 149 37.8 85114 35.9 17 419 31.7 26 308 42.8 79 932 38.2
B. marginatum var. stenophyllum  OR508825 155553 37.8 85353 359 17 602 31.7 26299 42.8 79 882 38.2
B. marginatum OR508826 155478 37.7 85329 35.9 17 605 31.7 26272 42.8 79 882 38.1
B. malconense 0Q460229 155562 37.7 85476 35.9 17 468 31.4 26 309 42.8 79 849 38.1
B. microcephalum 0Q460231 155 080 37.8 85319 36.0 17 511 31.6 26125 429 79 846 38.2
B. pusillum MT261188 155224 37.7 85132 35.8 17 504 31.4 26 294 42.8 79 861 38.1
B. petiolulatum 0Q621991 155220 37.8 85134 35.9 17478 31.6 26 304 42.8 79 902 38.1
B. rockii 0Q621992 155178 37.8 84 962 35.9 17 574 31.5 26321 42.8 79975 38.1
B. sibiricum OR387525 155777 37.7 85537 35.8 17610 31.2 26315 42.8 79 900 38.1
B. sibiricum var. jeholense OR387524 155 706 37.7 85636 35.8 17 490 31.5 26290 42.8 79 882 38.1
B. scorzonerifolium 0Q621993 155962 37.6 85676 35.8 17618 31.2 26334 42.8 79 888 38.1
B. smithii OR387522 155 858 37.6 85 627 35.8 17 597 31.3 26317 42.8 79 900 38.1
B. triradiatum 0Q621997 155691 37.7 85460 35.8 17 531 31.4 26 350 42.8 79 876 38.1
B. thianschanicum 0Q621995 155385 37.7 85054 35.9 17 611 31.4 26 360 42.7 79 847 38.1
B. wenchuanense 0Q621998 155 108 37.8 85324 36.0 17 524 31.5 26 130 42.8 79 630 38.1
B. yunnanense 0Q621999 155357 37.8 85297 35.9 17 502 31.6 26279 42.8 79 878 38.2
B. yinchowense NC_054205 155851 37.6 85 625 35.8 17 612 31.3 26307 42.8 79 864 38.1
B. dracaenoides NC_050984 155 140 37.8 85323 35.9 17 537 31.6 26 140 42.8 79 831 38.1
B. falcatum OR508821 155 872 37.7 85742 35.8 17 528 31.4 26301 42.8 79901 38.1
B. gibraltaricum NC_060427 157 303 37.7 86918 35.8 17 643 31.3 26371 42.8 79 826 38.1
B. latissimum NC_033346 155621 37.6 85469 35.8 17 548 31.3 26 302 42.8 79 806 38.1
B. shanianum NC_058629 154 925 37.8 84 925 359 17 478 31.6 26261 42.8 79 787 38.2
B. sikangense NC_056803 155 357 37.7 85252 35.9 17 501 31.5 26 302 42.8 79 870 38.1

IRb [X 73 73] 7 75 H 0 B2 A B 1) 7 410 95 UL 5 rnA-UGC
trnG-UCC. #trnl-GAU.trnK-UUU.trnL-UAA.trnV-UAC
N rpl16+ rpl2 rpoCl. rps16. atpF ndhB . ndhA- petB.
petD HHEH/ 1NN E T, clpPyef3 Flrps12 58 &
2T rps12 9 S BT U) PR, 53 Al 3% 73 5]
A7 F LSC X ANIR X, 495 18 2 AT AR e 5 L T o
2 EEFIISH

S B 45 2 U SR W AE N 1R 40 SRR (% 7 A
GenBank & & 5 WL 3 1) 4% {4 4= 2 K 41 LSC. SSC.
IRs [X & CDS /541 1 jr (0 & i B 2 Fp 51 (L 46 e

5 VRECE E MISSRs) KA fs B IWEK 3. RIGSEHH I
SR AR A B R 7 5 A I 21 31 25K = 30 bp 1R
EEETH, BFFEIERES T 14 %, B EE T
17 %, S In) B 5 A0 B AN 853 7 B S8 R R 21 .
17 % (15 H54.74%) 3 B4 T2 ] X (9 2%) K™
TFIX (85F). kil #] 34 %K FEAE 9~49 bp, HE X
HAE2~6 IR HBBREE )T, H 22 % (64.71%) 77
LT A X (21 %) B & F X (1 2%). K I 21 1)
SSRs (IR R IR WL 4, WIF AT MR HFIREE .
INBZHRER 8N HRES NI ERE
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Table 2 Gene composition in the plastid genome of B. giraldii. Bold font means genes duplicated in the IRs; a: Genes have two

independent transcriptional units; b and c: Genes span the LSC/IRb and SSC/IRa regions, respectively; d and e: Genes have one and two

introns, separately. NADH: Nicotinamide adenine diuncleotide; ATP: Adenosine triphosphate; CoA: Coenzyme A

Gene funcation Type of genes

Name of genes

Ribosomal RNA
Transfer RNA

Self-replication

rrnd.5, rrn5, rrnl6, rrn23
trnA-UGCY, trnC-GCA, trnD-GUC, trnE-UUC, trnF-GAA, trnfM-CAU, trnG-GCC, trnG-

UCCY, rnH-GUG, trnI-CAU, trnl-GAU", trnK-UUU", trnL-CAA, trnL-UAG, trnL-UAA",

trnM-CAU, truaN-GUU, trnP-UGG, trnQ-UUG, trnR-ACG, trnR-UCU, trnS-GGA, trnS-

UGA, trnS-GCU, trnT-UGU, trnT-GGU, trunV-GAC, trnV-UACY, trnW-CCA, trnY-GUA
Ribosomal protein (small subunit) — rps2, rps3, rps4, rps7, rps8, rpsll, rps12°, rps14, rps15, rps16°, rps18, rps19°

Ribosomal protein (large subunit)

RAN polymerase
Photosynthesis
Subunits of photosystem I
Subunits of photosystem II
Subunits of cytochrome
Subunits of ATP synthase
Large subunit of rubisco rbcL
Other genes ATP-dependent protease clpP*
Maturase matK
Envelope membrane protein cemA
Subunit of acetyl-CoA accD
Synthesis gene cesA

Proteins of unknown function

rpl2°, rpll4, rpl16°, rpl20, rpl22, rpl23, rpi32, rpi33, rpl36

rpoA, rpoB, rpoCl1Y, rpoC2

Subunits of NADH dehydrogenase ndhA®, ndhB*, ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK

psaA, psaB, psaC, psal, psal

psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psb], psbK, psbL, psbM, psbN, psbT, psbZ
petA, petBY, petD’, petG, petL, petN

atpA, atpB, atpE, atpF*, atpH, atpl

yef15, yef2, yef3S, yef, infA

BHIANARERES, WZEFREERGNE . H
R E R AT B BB &, 3L 45 %, btk
68.18%, H: X 5 AT/AT (9 %, 13.64%), 1X L& SSRs F %
A7 T g 65 1 ik R JR] DX R S O A (5S4,
83.33%), I HFZE M ELSC X (501, 75.76%).
3 BIETAMFERRFERXSERER RS
M &) 2=

7 U 58 1 i 4 Ak 4 R 2 v 0 % HE ) 52 4% CDS
A4 E 21 390 N E RS, b 20 P ZE IR (K12).
Ho Y hd 52 & R (Leu) 11580 7 FH AR B ey, 3t
2220 1K, 2915 A D T B U 10.38%, [F] SRS F
N UUA.UUG. CUU. CUC. CUA. CUG; % fi5 2 Bt &
B2 (Cys) 1% 05 14 F 3R A, X 227 IR, & &% 5
T EH 1.06%, [7] L% %1 UGU.UGC. RSCU1H
KT 1R FA 324, BLA/U B 45 B 1A 291,
i [k 90.63%; RSCU {H /M T 1 IS 74 324, LLA/U
Bk 4 RS T A 34, (G E9.38%. i, gmid
R %5 T UUA Y RSCU 18 fi 1, N 1.96, % i Y
AR (Met) 13515 T AUG M 4 i (4 2 12 (Trp) %5
37 UGG I RSCUH I N 1, Yulth 22 & R (Ser) HIZ TS
F AGC ) RSCU H i 1IX, 4 0.33.

52 %%Eﬁﬁ%%lr‘ﬂ CHL 5 1.2 3 A Bl
1 GC % & GC,. GC, fil GC, & ¥ 43 %]l 33.81%~
58.40%- 29.31%~56.12% A1 21.70%~37.84%, “F ¥
GC % & 5 8l GC, (46.98%) > GC, (39.70%) > GC,

(28.98%), HI41/NT50%, GC,, N 30.45~46.52, “F-35 8
38.55%. ENC 1 N 36.71~55.36, & petD Fl rpl16 4},
HAKBEPENCHE KT 40, T2 E DR E
R, P B R B O A AE R 2 BT X (B 3A), GC, 5
GC,, B[ VH 43 A 27, PR 38 AH OC R %0C0h 0.053, (5] U5 it
LR #0325, GC, 5 GC,, L E MK M. PR2-plot
43 BT 45 BB (K 3B), 52 2% 25 1A g At 35 DR AN 45 57 3
SAEE T 4 X8, B EZEEFLE G/(G,+C,) > 0.5,
AJ(AAT,) < 0.5 X Hk. ENC-plot 43 #T45 Bk 2 5
- 2 A 5 DR i 25 ENC S B (B bRt th 22, B 2 040 T il
&7 (K30).
4 LHEMRAEEEFFIFEIT R S
SEHH B AL FRUR SEHALE N 1 40 SR it SR A 4
B RV20 17 5 BT s B 1 356 R 28 31 o B G B DO 7
FE AR SF (B 4), 38 K218 K B L LSCL SSC L IRs X & %
T 1 3 S A BE AR AR B/ 22 S, HG v I S A 4 R TR 4
KJEAR TG N 154 871 bp (B. euphorbioides Nakai)~
157 391 bp (B. fruticosum L.), # %= 2 520 bp, LSC.
SSC. IRs X K 4 5 57 51 4 % fe K 22 5 A Ok 43 il A
2 040.572.249 1422 bp. 751 {0 ] 28 55 5 B R A
TE AF G 5 1 26 [R1 [) [X, AR S5 4 v 1 IX 3 2 B P E
LSC 1 SSC [X, IRs [X 5 41| &1 B O 57 o FIT A 40 D40 Fh
g3 4 L PR 20 7 51 LSC L SSC J% IR [X 321 55 3 ] )
lﬁﬁﬁ%é—ﬁz IRs X %A H LB 24 5k Bl ik 4 15
o Horh, rps19 FE K 5 LSC/IRb 34 5, 70 9 # 195~
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Table 3 Numbers and types of the tandem repeats (TRs), dispersed repeats (DRs) and simple sequence repeats (SSRs) detected in the LSC,

SSC, and IRs of the plastid genomes of B. giraldii and the other 39 Bupleurum species

. LSC SSC IRs CDS
Species TRs DRs SSRs TRs DRs SSRs TRs DRs SSRs TRs DRs SSRs
B. giraldii 20 14 50 1 2 2 13 15 14 12 14 11
B. angustissimum 20 13 39 2 2 8 15 3 8 12 4 13
B. aureum 9 12 44 1 1 4 13 5 10 9 5 12
B. bicaule 24 13 38 2 2 10 17 4 12 12 5 13
B. boissieuanum 26 12 54 2 1 4 13 5 14 12 6 11
B. chinense 27 13 47 1 2 3 14 7 10 12 7 10
B. candollei 13 13 50 2 2 8 13 4 12 11 6 13
B. commelynoideum 16 12 35 1 1 4 13 6 12 12 5 10
B. chaishoui 18 11 44 2 2 5 13 5 12 11 6 12
B. densiflorum 12 14 45 2 2 6 17 4 14 11 5 12
B. euphorbioides 9 14 38 1 1 5 13 5 12 11 5 11
B. fruticosum 27 11 32 5 1 8 15 5 10 12 5 6
B. hamiltonii 16 12 48 2 2 7 15 5 14 11 6 12
B. kweichowense 13 12 39 1 2 6 13 5 12 11 6 11
B. kaoi 20 18 46 2 2 3 13 5 12 11 6 11
B. krylovianum 15 15 45 2 2 6 13 5 12 12 6 12
B. longiradiatum 27 19 43 2 2 4 13 5 10 12 6 10
B. longicaule 13 16 47 1 2 9 13 3 12 10 4 13
B. marginatum var. stenophyllum 9 12 44 1 2 8 17 5 18 11 6 12
B. marginatum 11 12 44 2 2 9 15 5 18 11 6 13
B. malconense 17 14 39 1 2 4 13 5 12 11 6 10
B. microcephalum 12 14 37 2 2 5 11 5 12 9 7 11
B. pusillum 13 13 41 1 2 4 13 4 14 11 6 10
B. petiolulatum 13 11 38 2 2 6 13 3 12 10 4 11
B. rockii 23 12 39 2 1 6 13 5 10 13 5 11
B. sibiricum 14 13 38 4 1 7 15 5 12 12 5 13
B. sibiricum var. jeholense 19 16 45 1 2 3 13 6 12 14 6 11
B. scorzonerifolium 19 13 38 3 2 7 17 6 12 13 6 12
B. smithii 22 13 37 2 1 8 15 5 12 13 5 12
B. triradiatum 14 18 45 3 2 5 17 5 14 11 5 11
B. thianschanicum 15 12 48 3 2 9 18 6 12 11 5 10
B. wenchuanense 11 14 45 2 2 7 11 5 12 10 6 11
B. yunnanense 13 12 49 3 2 8 13 3 12 10 4 12
B. yinchowense 20 14 39 4 1 7 13 5 12 10 5 12
B. dracaenoides 13 17 36 3 2 7 13 5 12 10 7 11
B. falcatum 21 18 44 1 2 5 13 6 14 11 6 10
B. gibraltaricum 29 10 36 6 1 8 15 5 8 11 5 11
B. latissimum 18 14 45 2 2 7 13 5 12 12 7 12
B. shanianum 11 11 46 2 2 10 15 5 16 11 6 13
B. sikangense 14 14 38 1 2 7 13 5 14 12 6 11

209 bp H170~84 bp {1741 43 i £ LSC X A IRb [X; yef1
5 SSC/IRa i1 5t, 437l 3 582~3 6611 851~1 902 bp
() FE 51 40 A AE SSC X F1 IRa X (& 5).

TR 2 i s R Bon (K 6), BRI S K
5] J& 39 /N9 Fofr ool & 4 3K IR 4HL 7 91 O A% TR 2 4
P $5 % (Pi) 9 0.002 27~0.016 37, “F- 18 4 0.009 86,
LSC.SSC 1 IRs [X J¥ %1 {1 Pi {H 4 I 53 5] 4 0.001 57~
0.033 59 (°F-#4 5 0.010 95).0.005 13~0.032 81 (*F-¥J
4 0.002 27) F10~0.012 68 (*F-31 4 0.016 37), $L i ik
FI| 11 4 Piff =5 T 0.028 (0.028~0.034) [ i 7] 7 A8

A1, 43 AL T LSC X (trnK_rps16+trnC_psbM.petN_
psbM.petN_psbM-+psbM) 1 SSC X (ndhF+ndhF _rpl32 .
ndhF _rpl32.rpl32+rpl32 trnL.ycf1x4),
5 RGRXBHN

RGURE mAra R s (E7), S )& Bra )70 L
BS,, = 100%, PP = 1 [SCRFF M R — DR, Horp, £
AR T A X ) B. fruticosum L. F B. gibraltaricum
Lam. 268 —37 (BS,,, = 100%, PP = 1), {ii T 5t 3 &5,
¥ % subgenus Penninervias; H:4% G VIR 5 )& T 45 A
W J&, LASCFEZE BS,, = 100%, PP = 1 BRI AR R,
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Table 4 Numbers and types of the detected SSRs in the plastid

genome of B. giraldii

Repeat type Type Repeats Number
Mononucletide A 10 8
11 6
12 2
13 2
14 2
19 1
C 14 1
G 14 1
T 10 12
11 5
12 2
13 2
14 1
15 1
16 1
Dinucleotide AT 5 1
6 1
7 1
10 2
TA 5 4
Trinucleotide ATA 4 1
ATT 4 2
GAA 4 1
GAT 4 1
TAA 4 1
TAT 4 1
TTA 4 1
Pentanucleotide ATAAT 3 1
Hexanucleotides GGGAAT 3 1

IRt — BRI 3 A IR B R 53 3 (clade T~1V, R
clade 11 {J X FE 3N BS,,, = 60%, PP = 14, HAth 34Nk
P oy S L FE RN N BS,, = 100%, PP = 1), ZEl4 4E
AL T clade 1HF, F B. falcatum L. ¥ GHIR = R, SCFF
IR N BS,, = 100%, PP = 1.

0 B
Ala Arg Asn Asp Cys Gln Glu Gly His Ile

g

ZEUG SR FRE E B A TR PE LT E
R BCHAAE S AR U, TE B VY L H R M i S R, B[R]
LB NZ, B REERGEFIIH GEOKGBEZ
. R, RIS LETAR LR S HEEN
SERR R, AR, H2E oM RS b S A
BT F AL S e S N B SEEA B, smithii
Wolff var. parvifolium Shan et Y. Li%§ Z AN #p", Bf
R 14 24 A 4B R GR3  BF 58 K R T R R AR B
AHIE T EE - R A% 2 I 5 J7 92500 5 5 4.2 e A 3R A5
R S I Gk A BE AL, o v HOF ) A (LS
GC 7 5 3k R 43 A A58 3 L 5 5 s P O 201 B 4R 0[]
SCE NG TAE B A 5 S MRRAE (B IRs X L &
BI040 5) 47 7 2T, 35 FE R R R
(i SRR A FE R 2H 7 S EAT T B . 45 R EOR,
ZR U SR A I A R R 2 2L AT AR I S A ik R 2
BRI PR DY 3 R 540, 7 41 K FE . CG & & BT s
F10 35 R 2R 5] B0 A g B I 5 5 5 g L At LR IE
ol B — B S R LG 2R U4 SEEATE N 1K 40 N
Tl - 25 4K 4= 35 R 20 7 31 s KB L LSC L SSC L IR [X % 4
15 e 21 K FE 1) e 1) 22 S 36 B4 R 0~2 520 bp 3~
2 040 bp.0~572 bp.0~249 bp F10~422 bp, B Fa] 5
IR 2R EERELSCIX . FPHIELXT /#1328, LSC
XA % 5 EER AR mL TR EZ T (B
FEHCEE G 741 B B E 57 51 f SSRs). UK SE
LSC.SSCHIRs X [ GC & &AM IK 735l 9 35.8%-31.4%
Al 42.8%, BI IRs [X 7 %1 () GC & & & % & T LSC Al
SSC [X o #E—4 347 7%, IRs X A0 35 1Y rRNA JE 4]
Fr 51 35 oA B m ) GC & & (50.5%~56.5%, ~F- 115
55.3%), iX 7] A 42 5] 2 IRs X T 1) GC & & = i — A

Leu Lys Met Phe Pro Ser Thr Trp Tyr Val

Figure 2 Codon contents of 20 amino acids in the 52 protein-coding genes in the plastid genome of B. giraldii. The top panel shows the

relative synonymous codon usage (RSCU) for the corresponding amino acids
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Figure 4 Sequences identity of the complete plastid genomes of B. giraldii and the other 39 Bupleurum species
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Figure 6 The nucleotide diversity of the complete plastid genome sequences of B. giraldii and the other 39 Bupleurum species
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