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Abstract: Bupleurum L. (Apiaceae) is an economically important genus, in which many species are of medicinal
value. In this study, the complete plastid genomes (plastomes) of B. chinense DC. and B. boissieuanum H. Wolff
were sequenced and their characteristics were investigated. Comparative and phylogenetic analyses were conducted
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with other published Bupleurum plastomes. The complete plastomes of B. chinense and B. boissieuanum were
155 458 and 155 800 bp in length, and both exhibited the typical quadripartite circular structure consisting of a
large single copy region (LSC, 85 343 and 85 804 bp), a small single copy region (SSC, 17 495 and 17 410 bp),
and a pair of inverted repeat regions (IRa/b, 26 310 and 26 293 bp), respectively. A total of 129 genes, including
84 protein-coding genes, 37 transfer RNA (tRNA) genes, and eight ribosomal RNA (rRNA) genes were identified
from each of the two plastomes. Repeat sequences detected were similar in types and distribution patterns, but the
numbers were slightly different. Comparative analyses revealed that the Bupleurum plastomes were highly conserved
in length, structure, the guanine and cytosine (GC) content, and gene content and order, both intraspecifically and
interspecifically, and no obvious expansion or contraction of the inverted repeat regions occurred. Sequence variation
was lower within the same species than among different species, noncoding sequences (including intergenic regions
and introns) showed a higher divergence than the protein-coding sequences, and sequences in the LSC and SSC
regions were more divergent than those in the IR regions. In addition, 11 sequences with higher nucleotide diversity
among species were detected in the LSC and SSC regions. All studied Bupleurum species were inferred forming a
monophyletic group with a 100% bootstrap value. Bupleurum chinense and B. boissieuanum were phylogenetically
closest to B. commelynoideum and B. falcatum, separately, with all three B. chinense accessions clustered into a
distinct clade. These results provide genetic information for further species identification, phylogenetic resolution,

and will assist in exploration and utilization of medicinal Bupleurum species.
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Figure 1 Plastid genome maps of B. chinense and B. boissieuanum. Genes inside and outside the circle are transcribed in a clockwise and

counter clockwise direction, respectively. Genes are color-coded based on their functions. The grey area in the inner circle indicates the GC

content of the plastid genome sequence
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Table 1  Comparison of the plastid genome features of B. chinense, B. boissieuanum and the other eight accessions from Bupleurum

Genome LSC SSC IR CDS
Species Accession Length G+C Length G+C Length G+C Length G+C Length G+C
/bp 1% /bp 1% /bp 1% /bp 1% /bp 1%

B. chinense MN756857 155 458 37.7 85343 35.8 17 495 31.4 26 310 42.8 77874 38.2
MN893666 155 869 37.7 85772 35.8 17 501 31.4 26 298 42.8 78 288 38.2

NC_046774 155 545 37.7 85430 35.8 17 505 314 26 305 42.8 77 520 38.2

B. boissieuanum MN756856 155 800 377 85804 35.8 17 410 315 26 293 42.8 77 853 38.2
NC_036017 156 108 377 86 007 35.8 17 495 314 26 303 42.8 77 988 38.1

B. falcatum KM207676 155 989 37.7 85870 35.8 17 517 31.4 26 301 42.8 77 952 38.1
B. latissimum NC_033346 155 621 376 85473 35.8 17 548 313 26 300 42.8 77 253 38.1
B. marginatum MN968501 154 991 37.8 84910 35.9 17 505 317 26 288 42.8 77979 38.2
B. commelynoideum MT162552 155 629 37.7 85 542 35.8 17 495 31.4 26 296 42.8 78294 38.2
B. scorzonerifolium MT239475 155 824 37.7 85591 35.8 17 599 31.3 26 317 42.8 77 907 38.2

Table 2  Gene composition in the plastid genomes of B. chinense and B. boissieuanum. Notes: Bold font means genes duplicated in the IRs

regions; @ represents the gene has two separate transcription units; ® and ¢ indicate genes span the LSC and IRb, SSC and IRa regions, respec-

tively; ¢ and ¢ indicate genes with one and two introns, separately

Category Gene group

Gene name

Large subunit of ribosome
DNA-dependent RNA polymerase
Small subunit of ribosome

Self-replication

rpl33, rpl20, rpl36, rpll4, rpl16?, rpl22, rpl2¢, rpl23, rpl32
rpoC2, rpoC1¢, rpoB, rpoA
rps169, rps2, rpsl4, rps4, rpsl8, rpsl2e, rpsll, rps8, rps3, rpsl9®, rps7, rpsls

Photosynthesis

Ribosome RNA genes
Transfer RNA genes

Subunits of ATP synthase
Subunits of NADH-dehydrogenase
Subunits of cytochrome b/f complex

rrnl6, rrn23, rrn4.5, rrn5

trnH-GUG, trnK-UUU¢, trnQ-UUG, trnS-GCU, trnG-UCCY, trnR-UCU,
trnC-GCA, trnD-GUC, trnY-GUA, trnE-UUC, trnT-GGU, trnS-UGA,
trnG-GCC, trnfM-CAU, trnS-GGA, trnT-UGU, trnL-UAAY, trnF-GAA,
trnV-UACY, trnM-CAU, trnW-CCA, trnP-UGG, trnl-CAU, trnL-CAA,
trnV-GAC, trnl-GAUY, trnA-UGCY, trnR-ACG, trnN-GUU, trnL-UAG
atpA, atpF¢, atpH, atpl, atpE, atpB

ndhJ, ndhK, ndhC, ndhB¢, ndhF, ndhD, ndhE, ndhG, ndhl, ndhA¢, ndhH
petN, petA, petL, petG, petB¢, petD?

Subunits of photosystem |
Subunits of photosystem I1

psbN, pshH
Subunit of rubisco rbcL
proteins photosystem I assembly ycfa, ycf3®
Other genes Subunit of acetyl-CoA-carboxylase accD
c-Type cytochrome synthesis gene CCSA
Envelop membrane protein cemA
Protease clppe
Translational initiation factor infA
Maturase matkK
Proteins of unknown function ycf2, ycfl®

psaB, psaA, psal, psaJ, psaC
psbA, psbK, psbl, psbM, psbD, psbC, psbZ, pshJ, psbL, psbF, psbE, psbB, pshT,
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Figure 2 Comparisons of the borders of LSC, SSC and IRa/b regions among the ten Bupleurum plastid genomes. Numbers above repre-

sent the distance between the gene ends and the borders sites, and numbers below represent the length of the LSC, SSC and IRa/b regions.

The ¢ symbol indicates pseudogenes. This figure is not to scale

Table 3 Numbers and distribution of the detected SSRs in the plastid genomes of B. chinense, B. boissieuanum and the other eight acces-

sions from Bupleurum

SSRs number and percentage/%

Species Accession Total SSRs CDS LsC IRs SSC
B. chinense MN756857 57 11 (19.30) 42 (73.68) 12 (21.05) 3(5.26)
MNB893666 66 12 (18.18) 48 (72.73) 14 (21.21) 4 (6.06)
NC_046774 57 11 (19.30) 41 (71.93) 12 (21.05) 4(7.02)
B. boissieuanum MN756856 72 10 (13.89) 53 (73.61) 18 (25.00) 1(1.39)
NC_036017 68 13(19.12) 50 (73.53) 14 (20.59) 4 (5.88)
B. falcatum KM207676 64 12 (18.75) 48 (75.00) 14 (21.88) 2(3.13)
B. latissimum NC_033346 64 10 (15.63) 44 (68.75) 13 (20.31) 7 (10.94)
B. marginatum MN968501 59 13 (22.03) 40 (67.80) 12 (20.34) 7 (11.86)
B. commelynoideum MT162552 61 10 (16.39) 44 (72.13) 12 (19.67) 5(8.20)
B. scorzonerifolium MT239475 57 11 (19.30) 38 (66.67) 12 (21.05) 7 (12.28)

AR DL 100% B SCRER B — N R, Hop, A4t
1 L 21 S5 BN B. latissimum 46 7 M 3 380 ST 45 4 H R
LS R Bl 3N MA RN — 32, F+ 5 R IE MY BH SE M

036017 &1 5f

BRI DR F; AR R i SE i 5 = B SRR & Ok Rl
SR A8 il 5 [5) 79 A AN [F) A4S MIN756856 AT NC_
RHN—3, M & NC_036017 5 = B4
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Figure 3 Sequence identity among the plastid genomes of B. chinense and B. boissieuanum and the other eight accessions from Bupleu-
rum, with B. chinense (MN756857) as reference. Coding and noncoding regions are colored in blue and red, respectively
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Figure 4 The nucleotide diversity of the ten Bupleurum plastid genomes. Window length: 600 bp; step size: 200 bp

Table 4 Types and their proportions of the detected SSRs in the
plastid genomes of B. chinense, B. boissieuanum and the other
eight accessions from Bupleurum

Accession SSR type
Mon /% Di /% Tri/% Penta/% Hexa/%
MN756857 42 (73.68) 8 (14.03) 7(12.28) [/ /
MN893666 48 (72.72) 8(12.12) 7(10.61) 2(3.03) 1(1.52)
NC_046774 42 (73.67)  8(14.03) 7(12.28) [/ /
MN756856 47 (65.28) 15(20.83) 7(9.72) 1(1.39) 2(2.78)
NC_036017 51 (75.00) 10 (14.70) 7 (10.29) / /
KM207676 47 (73.44) 9 (14.06) 6(9.38) / 2 (3.13)
NC_033346 47 (73.44)  9(14.06) 5(7.81) 3(4.69) [/
MN968501 41 (69.49) 11(18.64) 5(8.47) 2(3.39) [/
MT162552 41(67.21) 9 (14.75) 7(11.47) 3(4.92) 1(1.64)
MT239475 39 (68.41) 11(19.30) 5(8.77) 2(351) |/

A LA 93% ¢ RF F M) U AH 4k Ok &R, 5 MN756856 3 [F]
ERN—ANHR CGCRFEN100%). 114 548 57 5 41 Bk
TR R G R B W R A SR A I R A,
A I, £ A6 i 145 5] MN756856.NC_036017 fll = 5 4&
B = 2 (R 3R 0 00 2 5 S 4 BE DR 2 7 271 11 S A
g5 B I 5, B MN756856 A1TNC_036017 LA 88% [t
FRPRM AR K R, 5 = B AR — 3 GCRF
F A T0%).

g
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1) 4 4~ rRNA ZE [ 7 31) 7 5= 1) GC & &= (50.5%~
56.5%, “T- 141 55.3%) & 5| #Z IRs [X 4k GC & & f =1 11
—ANEER R, BN, JELEH LA i L SR 4
FERAFHISKECG & GER MRS S5 E
FoAth O ARG 1) T IR i B — B0 1922 {H 5 [F] Dy = T
A 2 19 JE 140, Y 75 57 & Tetrataenium (DC.) Manden.
WSV A EAFRENE S . SRR 7T
(AL SRR AR TR S A TE N I SRR 7 B 10 AN
AN A4 4 FE P 41 LSC L SSC A1 IRs [X K B it i (1]
# FYa 4 )8 8~1 117 bp.32~1 097 bp.0~198 bp
A 1~22 bp, BRE KB H) 2 55 F 2k B T LSC X, 1fi
SSC A IRs X K FEAHXS R 5F o 751 XS 23 #r & B, LSC
DX K 22 57t 32 S A g A 36 R[] X v o B ) o TG
ST BV B N R BT g1 S . T A B [F 4
o [A], 3k S 8 7] Fol 3 AN AN [F) AN 4[] 1 4 Ak 4 5 BT 44
LSC.SSC /% IRs [X K F& U 5 A fR 57
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PSR B X 5K /NS TLIX 2 (A7 7E 4 DA R,
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Figure 5 Maximum likelihood phylogenetic tree of Bupleurum inferred utlizing dadasets of the complete plastid genome sequences and

the concatenated 11 highly divergent sequences (differences in topology were indicated by dotted lines). Numbers beside each node are boot-

strap values (BS) inferred from the two datasets
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